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Task 1: Structure
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Task1: ALU Design and Opcode
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ALU

A[15:0] B_shifted[15:0]

Op[2:0]

result[15:0]

C
,V,Z,N

 flags

C

ADD 000 A + B_shifted Update Z, N, C, V
SUB 001 A - B_shifted Update Z, N, C, V
ADDC 010 A + B_shifted + C Update Z, N, C, V
SUBC 011 A - B_shifted - Borrow Update Z, N, C, V
AND 100 A & B_shifted Update Z, N
ANDBB 101 A & (~(B_shifted) Update Z, N
OR 110 A | B_shifted Update Z, N
ORBB 111 A | (~(B_shifted) Update Z, N



ALU Status Flags: N,Z,C,V
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Digital Design – A System Approach

Sign Name Usage Source

N Negative 1 if result is negative, 
0 if not

𝑆𝑛

Z Zero 1 if result is 0, 0 if 
not

|𝑺

C Carry 1 if there is a carry-
out; 0 if not

𝐶𝑛

V oVerflow 1 if there is overflow; 
0 if not

𝐶𝑛 ⊕𝐶𝑛+1

Multi-bit 
Adder/ 

Subtractor
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B

Op
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Z
C
V



ALU: Idea of oVerflow
❑ e.g 8-bit number: value is between -128 to + 127. Calculate 70+80，result is negative! -> overflow 

happens. 

❑ For unsigned addition:

❑ 𝐶 = 0: No overflow

❑ 𝐶 = 1: Overflow

❑ Defne V(Overflow): for signed addition/subtraction:

❑ 𝑉 = 0: No overflow

❑ 𝑉 = 1: Overflow

❑ Question: how to design V flag?



Digital Design – A System Approach

ALU: oVerflow circuit deign
❑ When 𝐶𝑛 ≠ 𝐶𝑛+1，overflow exists

❑ Other way to design oVerflow:
o For adding: if both inputs are positive, but result is 

negative; or if both inputs are negative, but result is 
positive.

o For subtracting: if A is positive, B is negative, but 
result is negative; or if A is negative, B is positive, but 
result is positive.



Shifter: Opcodes

Shift Code (S) Operation Description
00 Pass-through Out = B (No change)
01 Logical Left Out = B << 1 (Multiply by 2)
10 Logical Right Out = B >> 1 (Unsigned Divide by 2)
11 Arithmetic Right Out = B >>> 1 (Signed Divide by 2)
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shifter

IN[15:0]

OUT[15:0]

Opcode[1:0]

e.g. 11110000 0xf0
LSL: 11100000 0xe0
LSR: 01111000 0x78
ASR: 11111000 0xf7



Task 1: Tasks
❑ You will need to implement the ALU and Shifter in Verilog/SystemVerilog.

❑ You can use the provided demo project and fill your own code.

❑ You need to write your own testbench to prove it works.

❑ You should download the project to FPGA and show it works.
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