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1. nb(5 points)
a. (2 points) Give an informal definition of Amdahl's Law.

b. (3 points) A world wide web server takes an average of 1 second to handle
each request. Of this, 0.3 seconds is spent loading the file (disk), 0.5
seconds is spent sending the data across the network (network) and the
remainder is spent interpreting the request and performing various system
functions (other). Determine the maximum speedups obtained if each of
the three components (disk, network, other) are accelerated in isolation.

2. (15 points)

a. (10 points) Suppose a program fragment consists of 20 statements that are
inherently serial, followed by 5000 statements that are "perfectly
parallelizable." Use Amdahl's law to determine the maximum speedup
possible for this program fragment using 1000 processors.

b. (5 points) Suppose the goal is to achieve 95% of the highest possible
speedup. Approximately how many processors are needed?
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3. (15 points)
a. (10 points) There are about 25 students in ECE 154.
i. (3 points) How many bits are required to represent 25154 in two's
complement notation?

ii. (3 points) If every student is to be assigned a unique bit pattern,
what is the minimum number of bits required to do this?

iii. (4 points) How many more students can be admitted to the class
without requiring additional bits?

b. (5 points) Suppose a 32-bit instruction takes the following format:
| opcode | SourceReg | DestinationReg | Immediate Value |
If there are 60 opcodes and 32 registers, what are the maximum and

minimum values that the immediate (IMM) can take (assume Immediate
Value is a 2's complement value)?
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4. (10 points) Some of the following instructions can not be carried out in the
provided datapath. Explain why in the space after each instruction that can’t be
implemented.
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add rd, rs, rt

1] s r rid 1] Ox 20
i 5 5 5 5 &
Iw rd, offset(rs)
0x23 rs it offset
0 5 5 L
] target
2 target
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lui rt, imm
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5 rs il offset
0 3 3 16
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5. (20 points) The original reason for Booth’s algorithm was to reduce the number of
operations by avoiding operations when there were string of Os and 1s. Revise the
algorithm presented in class to look at 3 bits at a time and compute the product two bits at
a time.

Recall the table for 2 bits (A is the multiplicand, B is the multiplier):

A A, Operation
0 0 Do nothing
0 1 Add B

1 0 Subtract B
1 1 Do nothing

Fill in the following table to determine the 2-bit Booth encoding. Assume that you have
both the multiplicand and 2 x the multiplicand already in registers. Explain the reason for
the operation on each line. Two of the cases are given for you.

Current | Previous | Operation Reason
Bits Bit
A | A Ay
0 0 0 None Middle of a string of Os
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1 None Middle of a string of 1s
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6. (15 points)

Inst

Memory

Adr

>

XA Od

imm ](1*

<S>

Rt  Rd

Rw
32 32-bit
Registers

<)==

Imml6

>

Page 6

Instruction=31:0=

AlLLlctr

MemWr M

emtoReo

=
CIk , B

52 v WrEn Adr I
2 Data In

Clk imm16 _l!'—.' =3 Data 'P/

' ] Clk Memory
I

ExtOp  ALUSrc

a. (10 points) Fill in the following table for control signals for the following instructions

for given datapath

ADDU: R[rd] <- R|rs] + R|[rt]; PC <- PC + 4
LOAD: R[rt] <- MEM] R][rs] + sign_ext(Imm16)]; PC <- PC + 4

RegDst

nPCsel

ExtOp

MemtoReg

ALUOp

MemWr

ALUSrc

RegWr

ADDU

LOAD

ALUop can be add, subtract, or
MemWr and RegWr are high when writing
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b. (5 points) Draw the critical path for addu on the datapath using a dashed line and
describe it below (e.g. PC->Instr Mem->....)
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7. (20 points)
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Suppose we wish to add support for the new instruction,
brez: branch if memory equals zero,

into the datapath shown above. The format of the instruction is as follows,
brez $rt, $rs, imml6

The instruction reads the value of memory in address (R[$rs] + R[$rt]), compares it to
zero and if zero then branches to the zero extended immediate, otherwise it goes on to the

next instruction. You can add logic gates and muxes, and the zero compare block below,
and one new control signal, bmCntrl.

Input[31:0] —— —— Z&m

zero 1s high when the [nput is zero.
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a) Modify the datapath to support this instruction and show its critical path. Also,
describe below your modifications in words.
b) Give the value of the control lines for the new instruction
RegDst | nPCsel | ExtOp | Mem | ALU |Mem |ALU |Reg Bm
toReg | Op Wr Src Wr Cntrl

BMEZ




