Computer Architecture

Fall, 2024
Week 6
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[group 1]

1. B&A
How many MUX are in ALU, what are their purposes?

Ans:
Two for selecting inputs to the ALU. For example, for subtraction, one of the inputs
might need to be negated. One for selecting which operation’s result should be output
based on the control signal.
[group 2]
2. Overflow may occur when:
(a) positive number - positive number
(b) positive number - negative number
(c) negative number - positive number
(d) negative number - negative number
(e) positive number + positive number
(f) positive number + negative number

(g) negative number + negative number

Ans: (b), (c), (&), (9)

[group 3]

3. HMAA
In the MIPS instruction set, what is the difference in behavior between the add and addu
instructions when adding two numbers that cause an overflow? Which situation triggers
overflow handling and which does not?

Ans:

The add instruction checks for overflow when adding signed numbers. If an overflow
occurs, it triggers an exception, saving the current program counter (PC) to the exception

program counter (EPC) and jumping to an exception handler.

In contrast, the addu instruction does not check for overflow when adding unsigned

numbers. Even if there is an overflow, it simply wraps around without triggering any



exception. Therefore, add is used when overflow needs to be checked, while addu is used

when overflow is not a concern.

[group 4]
4, R BFFRARE)
a) We can use sub and its signed bit to implement ‘set on less than’ in
hardware.
b) MIPS addu and addi instructions ignores overflow.
c) When an exception occurs the PC is saved into the EPC register.
Ans:
(@) EFE, EREF, KT AER [sub] 545 F L8 A F586942 T (signed
bit) K H [ set on less than | 4&4F.
(b) %53k,
ignore overflow: addu, addui, subu

Don’t ignore overflow: add, addi, sub
(c) B, FWHIEMHHEAIF, PC (Program Counter) #914€ 4Pk 4 2| EPC
(Exception Program Counter) % .
[group 5]

5. Draw a diagram with n-bit adders, PC, EPC, and necessary logic gates to implement the
overflow detection mechanism with EPC.
(Only illustrate the relevant components and connections for this mechanism.)

Ans:
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7. Compare the gate delay of two 4-bits adder, one implement with Ripple Carry Adder, the
other with Carry Lookahead Adder. (Assume each logic gate has one gate delay)

Ans:
ripple-carry-adder: 4 * 2 = §
carry lookahead adder: 1 +2 =3

[group 11]

8. Base on the following design, what is the equivalent logic gate when the ALU control
signal is set to 11017

[ , ~%— AlUop
Ainvert Carryln Operation
¥
a — —-\ T
1
Result
b - + 2
1
\—

CarryOut

Ans: (not A) or (not B) is equivalent to NAND gate
[group 14]

9. For these 4-bit signed number, which of them are overflow?
a) 0010+1010
b) 1111+1000
c) 0011+0111
d) 1010+0100
Ans: b, c

[group 9]

10. You have a 4-bit ALU that can perform addition, subtraction, AND, OR, and SLT
operations. The input ALUcode is 0111. Given A=0110 and B=1100 , what will the
result of the operation be?

Ans:

The ALU code correspond to SLT operation.
A=0110= (6)4

B=1100= (—4),



Because A > B so the result of the operation is 0
(J&3% € & exception)
[group 12]

11. R (BFFARARA)
a) We can detect overflow in ALU by using XOR gate.
b) ALUOP 0000 is the control signal of add.
c) We can implement NOR with AND gate and inverters in ALU.
d) The operation of slt is subtract two input numbers and output the result of

sign bit in ALU.
Ans:
a T
b) F 0010
c) T

d T



