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0Q1: [Sequential Circuit Timing Analysis| [10 points]

The circuit below shows a sequential circuit using D Flip Flops, and Multiplexers.
Assuming that A1, Ao, and S are the inputs of the circuit, and Q1 is0, Qo is 1 when time
equals 0 (t0), show the timing diagram for Q; and Qo.

NOTE: You can assume that gate delay is negligible.
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02: [ALU] [20 points]

We are going to design a 4-bit Arithmetic Unit (AU) with the following functional table:

M1 MO Function Name F(A,B)

0 0 if(A/4==0) add B to A; elsesubtract B from | if(A/4==0) S=A + B; else
A S=A-B

0 1 if(A<B) add A toB times8; elscadd Ato B | if(A<B) S=A +(B* 8);
divided 4 elseS=A+(B/4

1 0 Increment A by 4 S=A+4

1 1 Add1toA+B* 8 S=A+(B*8)+1

Both A and B are 4-bit binary unsigned number s a3a2ala0 and b3b2b1b0.
M1, MO arethe control inputsto this AU. Although B is the only input register to the
AL-Extender unit, if you need to, you can also connect register A to the AL-Extender.

In this question you arerequired to design the logic inside AL -Extender using JUST
Comparators, and Multiplexersif needed.

Hint: Although the inputs and outputs are unsigned numbers, you can use 2's complement
arithmetic within the design.

8383, 8, b;b,b,by
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03: [Counter Application] [15 points]

Using only a 3-bit up binary counter, you are going to design a mod-8 counter whose
output (denoted by MODS8) is 1 when the sequence value mod 8 equals 0, otherwise it
outputsa 0. You can use any of the following components (Specify the bit widths, and
name all inputs/outputs):

1) Adders
2) Shifters
3) Comparators
4) Multiplexers
Make sureyou answer both parts A and B.

3a. Using the 3-bit up binary counter, create a counter that generatesthe following
sequence [10 points]:
22426282102 12>14>16>2>4.....

For the solution see page 7
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A 3-bit binary counter countsfrom0to 7, and resets | B
So: | Mod 8:
2=0%*n+i,i=2 2=1000
4=1*n+2,n=2 :
Equation: Counter output=2 * countervalue + 2 All binary values
ot ending with ‘000’
3-bit binary are mod 8
clk counter '
— . 8 =10000 yes
3 : 10=01010 no

-1 : _
$ | : 12=01100 no

16 =10000 yes

cout 3-bit adder Cin | 0 :
| :. 17=10001 no

wss | b2 21010 5 20=10100 no
/t : 24 =11000 yes

cout 4-bit adder cinje— 0 | | 38=11110 no
| 1 00000
777777777777777777777777777 MSB 77777777"7"7"777"7"7)‘ 1 i

vV 5-bit
1 —3sh <<2 Sbits in le— 0 =

,I/ 5 MOD8
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v
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3b. Using the counter designed in part 3a design a mod-8 counter whose output
(denoted by MODS) is 1 when the sequence value mod 8 equals 0, otherwise it
outputsa . [5 points]

For the solution see page 7
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0Q4: [RTL design] [35 points]

The following high-level state machine has the task of finding either the minimum or the
maximum among an array of 128 elements depending on the mode selected (Mode =0 =
find the minimum, and Mode = 1 = find the maximum). A_Datais an 8-bit input,
A_Addressis an 8-bit output, and minmax_out is the final 8-bit (minimum or maximum)
output value. Data and minmax are both 8-bit internal registers. All inputs/outputs are
unsigned. The Start input drives the circuit to start the execution of the task. Usethis
state machine to answer the following questions:

A_Address=Index

Data=A_Data
s
G
Min
(Data<minmax)’

Compare
Max
(Data>minmax)’

Data<minfnax

Start * Mode

Index=0
Data=0
minmax_out=0

Data=minmax

(Index<128)

minmax_out=minmax

Increment
Index minmax=Data

Index=Index+1
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4a. Design the data-path for this system. [15 points]

Please note that the initial value for the minmax register depends on the Mode, if the
Mode = 0, minmax isinitialized to 0, if the Mode = 1, minmax isinitialized to (255).
Hint: Your minmax register will have at most 2 inputs.

Y ou may use any of the following components:

1) Registers

2) Adders

3) Comparators
4) Multiplexers

255

mode_sel 0 T

£

init_minmax
A_Data
data_ld  e—3 0 11
Data
data_clr  e——3p|
v P v
. e . index_|d —3|
minmax_Id minmax index_clr e Index
minmax_clr -
1
Y Y vy W
128 l
> > v vlr v
data_lt_minmax < +
- v
data_gt_minmax minmax_out_|d se— T —
minmax_out_clr ==— =
index_It_128
€
L J
A_Address
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4b. Design theinterface of the system and the interface between the controller and
the datapath. [5 points|

Controller

data_gt_minmax

data_lt_minmax

index_It 128

VYVVYyVYVYY

A_Data

l

vY

mode_select Datapath
init_minmax

index_Id
index_clr
data_Id
data_clr
minmax_Id

minmax_clr

minmax_out_Id

minmax_out_clr

Vo

A Data A Address
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4c. Design the FSM of the controller. [15 points]

HINT: There is no timing issue for this system so you do not have to consider timing
issuesin designing the controller’ s FSM.

Inputs: Mode, Start, data_gt_minmax, data_It_minmax, index_It_128
Outputs: mode_sel, init_minmax, index_Id, index_clr, data_ld, data_clr, minmax_Id, minmax_clr, minmax_out_Id, minmax_out_clr
Registers: Data, minmax, minmax_out

Assume all signals not shown for each state are set to 0

data_Id=1

Read data

Start” Mode’

index_It_128

Compare
Min

Start * Mode

Init_minmax=1
minmax_ld=1

Index data_lt_minmax’

Compare data_lt_minmax

Start * Mode

Compare
Max

index_clr=1
data_clr=1

minmax_out_clr=
mode_sel = Mode

Init_minmax=1 data_gt_minmax’

minmax_ld=1 data_gt_minmax

Increment
Index

minmax_out_ld=1
- minmax_ld=1

Index_Id=1
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