Exercices pour la révision de
'exame de mi-session



Problem 1. (24points) A and B are 9-bit registers that contain the binary values: A = 100011101 and
B =111110000.

(a) (4dpts) A third 9-hit register R is nsed to store the result of the micro-operation i +— A+ E. What will
be the binarv valne in B as well as the two most significant output carries, cg and ey, of the addition?

Carry: 1111100000 28 97 26 95 24 93 22 21 20 Unsigned Binary Nnumbers .
Converted to decimal

A: 100011101 A100011101 =256+16+8+4+1=285= 285
Bl + 111110000 B1711110000 =256+128+64+32+16=496= 496

R: 100001101 R100001101 =256+8+4+1 =»269 # ~781

—does K contain the corred

(b) (dpta) If the mumbers in A and B are considered unsigned m
result of A + B7 Justify vour answer.
No, R contains a wrong result (269,,), because the correct result 781 cannot be
represented with 9 bits, which can represent positive numbers smaller than 512.
Carry out ¢4 of the 9 bit of the A+B addition can be used to signalize the overflow of

the two unsigned numbers A and B.

Signed 2’s (e) (4pts) If the numbers in A, B and B are considered signed numbers, represented in their 2's com-

complement plement format, then does R contain the correct result of A + B? Justify vour answer.
Representation

sgn 27 26 25 24 23 22 21 20 Magnitude sgn 27 26 25 24 23 22 21 20| Magnitude in decimal | Decimal
A100011101/A<0=>[A]=-A= 011100011 =128+64+32+2+1=227= | -227
B111110000(B<0=>B|[=B= 000010000 =16= -16
R100001101|R<0=>|R|I=-R= 011110011 =128+64+32+16+2+1=243 | -243

R contains the correct result (-243), since -243 c [-512,511], i.e., it can be correctly
expressed with 9 bits in 2’s complement representation. A circuit for signalizing overflow will agree:

(1) the carry out of 9t and 8" bits are the same or
(2) (2) the sign bit of the operands are the same with the result’s sign bit (Ag=Bg=Rg=1)



(a) (6pta) If now the micro-operation R +— A — B is executed, what will be the result stored in R as
well as the last two output carries, cs and co, of the subtraction?
A-B =A+ (2'scomplementofB)=A+ B’ + }

Carry: 0000111111
A: 100011101
B: + 000001111

R: 100101101

(b} (6 pts) If the numbers in A and B are considered signed numbers, represented in their 2's comple-
ment format, does B contain the correct result of the subtraction? Justify vour answer.

€5 [Cy €€ IG5 IC | [C5 (€564 €y Magnitude sgn 27 26 25 24 23 22 21 20| Magnitude in decimal | Decimal
0olo 0 01 00 00O

A 1100011101 A<0=>|A|=-A= 011100011 =128+64+32+2+1=227=| -227
-B 000010000|-B>0=>|B|]=B= 000010000 =16= 16
R 00101101 RO=>|R[=-R= 011110011 =128+64+32+16+2+1=243 | -211

Yes, R contains the correct result since -211 < [-512,511] and, as such, it can
be correctly represented in 2’s complement format. There cannot be any
overflow if adding a negative number to a positive number!

Circuits for overflow detection will asses that there is no overflow here since:

the carry out of 9™ and 8™ bits are the same; or, by inspecting the sign bits of
the operands and the result.



Problem 2. (42points) In this problem, vou will desgin a 3-bit ALU to perform the micro-operations
described in Table 1. The ALU takes its operands from two 3-bit registers A = A24140 and B = BoBy By,
and returns an ontput F = FoF1Fy. In the case of arithmetic operations, assume that the contents of A and
B are signed numbers in 2's compelement representation.

Table 1: Function table of a 3-hit ALT.

Selection
S 51 S Operation Description
o 0 = £ Decrement by 1 (Décrémentation par 1)

1-1
o0 1 A-&B Subtruction (Soustraction|

4 —2 Decrement by 2 (Décrémentation par 2)
o1 1 =A— B —1 Subtraction with borrow (Soustraction avec emprunt )
1 0 0 F=AvVE Logic implication (Implication logique )
1 0o 1 F=A<H Comparison (Comparaison |
1 1 F=cir A Circular shift right (Décalage circulaire a droite)
1 1 1 F=ashl A Arithmetic shift left {Décalage arithmétique 4 gauche)




1. Design of arithmetic unit

(a) (10pts) Draw a detailed logic circuit of the ALLI's arithmetic unit.

Sz 51 So Operation Description
0 0 0 F=A-1 Decrement by 1 (Décrémentation par 1) FOZA'1=A+2:S(OO1) = A+111=(A+’110)’+1 ’
0 0 1 F=A-1B Subtruction (Soustraction) F1=A-B=A+2's(B2 B1 B0)=A+(B2' B1' B0'+1)
0 1 0 F=A-2 Decrement by 2 (Décrémentation par 2) F?=A-2=A+2's(010) = (A+110)
6 1 1 F=A-B-1 Subtraction with borrow (Soustraction avec F*=A-B-1=A+2's(B2 B1 B0)-1=A+(B2' B1' B0'+1)-1
=A+(B2’ B1’ BO’)
S1
S0 o FO=F2+1 => F92 = (A+110)+S1’
_ F1=F3+1 => F13 = (A+B2'B1'B0’)+S1’
A0 Cin
Cco FA = S0’ FO’2 + S0 I::I"3 =
Mux FA |— FAQ = S0’ [(A+110)+S1’] + SO [(A+B2’B1’B0’)+S1’]
0 0 c1
BO >0 1
Al
¢
C1
1 S FA |—— P
B1 >0 1 c2
A2
E—
C2
1 0Mux FA | Ao
B2 >0 1 C3
Cout

(b) (3pts) A Boolean variable W is set to 1 when an overflow oceurs and is reset to 0 otherwise. Find

a simplified Boolean expression of W.

W=C3 @ C2



2. Design of logic unit
Diraw a detailed logic cireuit of the ALTU’s logie unit.

1 0 0 F=AVE Logic implication (Implication logique)
1 0 1 F=As&E Comparison (Comparaison)

SO ——

e s SR s AV
BO y A, 0 L Elo
—D :

A o e [ B Mo
B1 0 FL1

A T ) Mox
I L
B2 I 0 FL2




3. Design of shift unit
(a) (8pts) Draw a detailed logic cirenit of the ALU’s shift unit.

1 0 F=rcird Circular shift right (Décalage cireulaire a droite)
1 1 F=ashl A Arithmetic shift left (Décalage arithmétique & gauche)
SO—
A0
Al Mux Present state A2 Al AO
A2 0 . i
1 FsO CirA: A A A
0 1
Mux Present state A2 Al AO
0
FS1 )
ashlA: A/A,0
¢ 1
]
Mux
0 FS2
1




(b) (3pts) A Boolean variable V' is set to 1 when an overflow occurs during the arithmetic shift and is
reset to O otherwise. Find a simplified Boolean expression of 1.

V =S0 (A2@ A1)

4. Finalizing the ALU design
(a) (4pts) A Boolean variable T' i1s used to determine if one the micro-operations stated mn Table 1
cansed an overflow. T is =et to 1 when an overflow cccurs and is reset to 0 otherwise. Find a sim-
plified Boolean expression of T. { Hint: express T in terms of W and V| and possibly other Boolean

variables).

T=WS2+V S2 51



(b} (6 pts) Usze bloe diagrams of the arithmetic, logic and shifting units in order to draw the bloe diagram

of the complete ALU, including the overflow detection bit T

SO
S1
S2

_.—
e
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Arithmetic F
Unit
.—l W
Logic FL
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| S
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Probleme 3. (34 points) Figure 1 shows the state diagram of a logic circuit which has a unique one-hit
external input .

1. Start by deriving the state table of the circuit. Then. assuming that JK fip-flops are to be used in the

implementation. extend the state table with the excitation table of the circnit.
QoX 00 o1 11 10

Present Next Ql
State®™ | Input | State(™D Flip flop inputs 0 0
Q Qo X Q Qo | J1 Ki Jo Ko
o) 0 0 0 0 0 d o) d ! c d d d
0) 0 1 0 1 0 d 1 d J 1= QO X
o) 1 0 0 0 0 d d 1
0] 1 1 1 1 1 d d 0
X
1 0| 0 [d d|d d d d Qlo 00 ot 1 10
1 0 1 d d d d d d
1 1 0 0 1 d 1 d 0 0 d d d d
1 1 1 1 1 |/d 0 d 0 1
1 1 2. Find simplified expressions for each Aip-flop inputs. K1 = x
start — vy 0X 00 01 11 10 oX 00 01 11 10
Q Q
- - 0 0 1 [ 4171 d 0 d d | 0] 1

1 | 4 I d14d1l4d 1 | d | d]10]0

Figure 1: State diagram



3. Draw the logic eireuit using JK flip-flops and the minimum number of simple logic gates (AND/OR/NOT)

- —}J 0 1

Q0

N

Clock



3-16. I?erform the arithmetic .- o151 010 t 2= oop 0]
operations (+42) + (-13)and -4 2= 0121 0 ~13=[1100j}

(-42) - (-13) in binary using  (++2) e1p 0! o (=42) 101010
signed-2's complement i3 M 1oo) (113) 200Vio|
representation. 29 0011101 (—29y 11000 |

3-17. Perform the arithmetic operations ( +70) + ( +80) and
(-70) + ( -80) with binary numbers in signed-2's complement
representation. Use eight bits to accommodate each number together
with its sign. Show that overflow occurs in both cases, that the last
two carries are unequal, and that there is a sign reversal.

)77 R

3-17 O J R !a.gi‘ Two Caynes .} o
+70 © 1000110 =70 1 DWN01 O
90 OlCI06pO ~S0 1 CLinmo
FEO L ol VY OMigp o
FIZe 100100 ~isp olio)lel o
f_%, 'irn R I .i.\ _‘..
7en =ne ' . Osi
Jrealer 3‘3“6 less ¥nap T OSVVe

thaw 12T ~128



« The following memory units are specified by the number of words
times the number of bits per word. How many address lines and
Input-output data lines are needed in each case?

n data input lines

l P‘C\—ié&*{“ﬂ-f: l\a,'!ra
TN e oy o = I'nes nig
Lé_-)g{‘g\?\,'o_a 7“;‘69 ]! | o

. e ) i |
k address lines ——— Memory unit (b) GHE ¥R =1, = i G %
Read = 2k words . 7
Wi n bits per word (& I{DM"HB,;‘;:QL:“L"}Z):L =2 4 3B 2
nte Faim BN 2 —
' (D 46 =4 =2y 2 A

|

n data output lines

« Specify the- number of bytes that can be stored in the memories

listed above
(@) ak¥a=4x = 4096 bylks (0) 2ty = 226 bylbe
(‘b) CYK » | =YK= e byfgs Cd,) 232 % = 0—23\5‘ D)/f:s



MemOry Map Memory map shows how all memory

addresses are used:

address data * Region may contain RAM
$0000 e Other region contains ROM
$1000 A * Some regions contain nothing
$2000 0000 Mano’s Basic Computer has
$3000 0100 v' Words of 16 data bits
$4000 \\ 0200 2 Kwords RAM v' 12 bits for Address, so its
memory space is 4-
55009 T | kwords;
$6000 ON00 v' since its CPU has 16 bit
$7000 \ (RS bus, it may have
$8000 OFO0 provisions for further
$9000 No MEMORY ! OFFF expanding the memory
to 64 k-words.
$A000 v Using memory chips of
$B000 1 Kx 4 RAM and 1 K x 8 EEPROM
$C000 v" We want to build a memory as follows:
$D000 « 2 Kword RAM mapped to $0000 - $07FF
$E000 « 2 Kword EEPROM ($0800 to $OFFF)
$F000 « 60 k words of NOTHING ($1000 to $FFFF)

14



0000 0 00O 0O 00O 0O 000 O OOO
0001 0O 00O 0O 00O 0O 000 O O0O01 RAM 0,3 RAM 0,2 RAM 0,1 RAM 0,0
. 1K X4 1K X4 1K X4 1K X4
03FF 0 00O 0 011 1 111 1 111
0400 0O 00O 0O 1100 0O 000 O OO0OO
0401 0O 00O 0O 1100 0O 000 O O0O01 RAM 1,3 RAM 1,2 RAM 1,1 RAM 1,0
. 1K X4 1K X4 1K X4 1K X4
07FF 0 000 011411 1 111 1 111
0800 0O 00O 1 000 0O 000 O OO0OO
0801 0 00O 1 0|00 0O 000 O O0OO01

—————— ———OBFF——706-"0 00 7T 67T %1 1-1-——1- T 11 EEPROM 1 EEPROM O
0CO00 0O 00O 1 100 0O 000 O O0OO0OO 2K X 8 2K X 8
0CO01 0 00O 1 1100 0O 000 O O0O01
OFFE 0 0020 1 111 1 11 1 1 1 1 1

D1sD14D13D1p D11 D1oDgDg D7DgDs Dy D3 D, Dy Do

Basic Computer Memory """ ) 111t 1111,

CS 9 AO 4
S 0 RAMO0,3 | RAMO,2 RAMO,1 [ RAMOO |42 —
0 1IKX4 |  1KXx4 | 1KX4 | 1kx4a N—
A A A A A A A A
CS i i i YV VY YV VY A9_AO
S; 1 RAM13 | RAM12 | RAM11 | RAM1,0 <:
E 1IKX4 |  1KX4 | 1KXx4 | 1KX4
A A A A A A A A A A A A A A A A
S
2 CS | A10-Ag
+ EEPROM 1 | EEPROM 0
2K X 8 | 2K X 8
AnAp  Ss |
15
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