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1) It’s all logical... (12 points, 15 minutes) i o

You need to design a circuit for the following truth table.
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1) It’s all logical... (continued)

b) Draw a Karnaugh map for this expression
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03 Use the Karnaugh map from part b) to simplify the circuit and write the simplified sum-of-product
representation.




2) State Machines (continued) ey ote
b) If the state is represented by a four-bit register S[(3:0] and S4 = 4'b0100 and S9 = 4'b1001, comp
the following diagram:
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(continued)

ur colleague wrote the following code to represent this FSM:
re[2:0] next state;




3) Datapatholoqy (24 points, 25 minutes)
The datapath below implements the RV32| instruction set.
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a) In the RISC-V datapath above, mark what is used by a auipe instru
‘ auipc (add upper immediate to pc): R[rd] = pc+ {imm,12b'0}
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b) In the RISC-V datapath above, mark what is used by a jal instruction.
jal (Jump and link): R[rd] = pc+4; pc = pc + {imm,1b'0}
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O "pc+4"branch O * (don't care)
“pc” branch O * (don't care)
“imm" branch O * (don't care)
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3) Datapathology (continued)

b) The same datapath repeated, for reference
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Specify whether the following proposed instruction

If the instruction can be implemented, specify an expression for the listed contro

5d word with add:
T e

R[rd] = o
M[R([rs1] + imm] + R[rs2
B

SZa08 g..;...&{p

‘Instruction Description Imple-

g mentable? |
T R[rd] = R[rs1] + R[rs2] Yes A
|add rd, rsl, rs2 o ﬂl
e thh writeback: R[rd] = R[rs1] + R[rs2] R o
eq rd, rsl, rs2, imm

Bt if (R[rs1] == R[rs2]) i
. PC = PC + {imm, 1'00} |

s can be implemented using this datapath without modlﬁ‘ or

| signals, by following the



4) Verilog (points, 20 minutes)
a) The following code describes a 3-bit linear-

pattern of pseudo-random numbers.
module 1lfsr(
input [2:0] R,
input Load,
input Clock,
output reg [2:0] Q
)
always@ (posedge Clock)
if (Load)
Q <= R;
else Q <= {Q[0] *~ Q[2], Qf2], QI[1]};
endmodule
Complete the circuit generated from this code:

. which generates a repeating

feedback shift register (LFSR)




4) Verilog (continued)
¢) Similar code is shown below:
module lfsr (R, Load, Clock, Q) ;
input [2:0] R;
input Load, Clock;
output reg [2:0] Q;

always@ (posedge Clock)

if (Load)

Q <= R;
else begin

Q0] = Q[1];

Q1] = Q[2]);

Q[2] = Q[0] ~ Q[2]);
end

endmodule
‘Complete the circuit generated from this code:




