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Multiple Choice

1. Which of the following would be changes to the architecture (A) of a MIPS computer
and which would be changes to its implementation (I)? Circle A or | to indicate your
choice. (4 points)

AQ] Increasing the clock rate, while changing nothing else
@l Adding an extra 16 general-purpose integer registers

A@ Adding an instruction cache

@ﬂl Expanding the instruction size from 32 bits to 64 bits

A@ Adding an extra stage in the pipeline

@' I Eliminating the branch delay slot

A(Q Removing some of the forwarding/bypassing capabilities from the
data path

QA)\ 1 Adding support for quad-precision floating point

2. Which is true about a pipelined processor?
(Circle ALL correct responses — there is more than one for this question)
(5 points)

“TTN
Q.J\ Adding more pipeline stages usually increases the number of control
and data hazards

—

@ Adding more pipeline stages is one good way to increase the clock rate
of a processor.

C. Latch overheads do not limit the maximum number of stages in a pipeline

d. Changing the number of pipeline stages typically requires changes
in the instruction set architecture.

e. Adding more pipeline stages always improves performance.
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Short Answer

3. Given the following bit pattern (written in the same order as the book does. MSB first):

000000’1 OOOO{OOOO ]lOOOlOFOOOO[l 00110
33 = tev
What does it represent on a MIPS computer, assuming that it is a MIPS instruction?
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4. Using only the XOR, AND, OR. and SLL instructions (and perhaps not even all of

those). write the shortest possible MIPS program to add two unsigned numbers each
of which is either zero or one (i.e. the sum will be zero. one. or two). Assume that the
source values are in $r2 and $r3, and that the result is stored in $r4. (8 points)
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5. Suppose that we have a computer with a four entry, direct-mapped cache. The block
size 1s one word. We use the usual algorithm for mapping addresses to cache lines
for a direct mapped cache. What addresses and data are stored in the cache after the
following stream of addresses and data are read? For simplicity, assume that the full
address is used as the cache tag, even though the two low-order bits would normally
be omitted. (8 points)

Address/Data stream:

block O < Address=0, Data=23

bileiw 1 < Address=9, Data=120
bio(k O ~—Address = 8, Data = 32
wist 2_&— Address = 6, Data =49
bilowk | £— Address =9, Data =8712.0
plouc 3 &—Address =7, Data = 18
bleik 2« Address =2, Data = 203

Answer: block 0: address= € Data= 5%~
block 1: address=_“4  Data= j2¢
block 2: address = 2 Data= 2¢3

block 3: address = _ @ Data= 4%
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The BevoTech computer company has designed a new 10-stage pipeline (shown
below) by splitting each of the standard pipeline stages into two separate stages. The
new pipeline is designed to perform better than the standard 5-stage pipeline. The
first of each pair of stages does not produce any “useful” results for the purpose of
forwarding - for example the values of operands read from the register file are not
available until the end of the R2 stage, so the R1 stage does not produce any values
that can be used elsewhere. Similarly, the ALU result is not available until the end of
the X2 stage. (20 points)
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a) If the new pipeline did not introduce any data or control hazards, and if latch
overhead is negligible, how much faster would we expect the new machine to run
compared to the standard 5-stage machine?
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Is it possible to eliminate all read-after-write data hazards in this pipeline by using
forwarding? Why or why not?
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c) Describe the bypass paths needed to minimize stalls due to read-after-write data
hazards. You can do this by listing the source and destination pipeline stages for

each bypass path, or by just drawing the bypass paths on the pipeline diagram
above. . ,
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d) In the code fragments below, identify the data hazards and describe the number of
pipeline stalls required even with your full bypassing.
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e) Suppose that branches are predicted as not-taken until the actual branch decision
. 1s known. Also, suppose that the branch target is known at the end of the X2
1« l?o ;r\‘) s stage. How many in-progress instructions must be flushed when a branch is
taken? How did you come up with this answer?
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Analytical Problems

7. The MIPS instruction set provides instructions which support conditional branching (beg, etc.). [tis
also possible to implement instructions which perform other operations conditionally. One such
instruction is a conditional move. (12 points)

Suppose a new instruction is added to the MIPS instruction set:
cmove $rl, $12, $13
This instruction works as follows:

if 3 ==0) then
rl =12
else
do nothing

In other words, the instruction only performs the move from r2 to rl if r3 is zero.

Assume that this instruction is used to replace the following 2 instruction MIPS sequence wherever it
appears:

bne $r3, $10, skip
move $ri, $r2
skip:

Suppose that 20% of the conditional branches in a program are used in this manner, so that the two
instruction sequence can be replaced with a conditional move. Assume that the average CPI of the
‘cmove’ instruction is the same as the average CP{ of the ‘move’ instruction. Thus, the effect of this
change is to eliminate the time required by the branch instruction. What is the overall program
speedup from this change, given the data in the following table?

Instruction Category Frequency Aveg CPI
Arithmetic 43% 1.0

Data Transfer 40% 1.4
Conditional Branch 15% 1.8

Other 2% 1.3
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8. Write MIPS code, as short as possible, which accomplishes the same task as the
following Java program. You may use the constant addresses “a” and ‘s’ within your
MIPS program. You must leave the result in memory location *s™ when your MIPS
code completes. Assume that “int” 1s a 32 bit signed integer. (15 points)

inta[10];
ints;

s =0;
for (i=1; i<10; i++) {
s =s +1*afi];

}
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9. The MIPS lui instruction loads a 16-bit immediate value into the upper 16 bits of a
32-bit register. The lower 16 bits of the register are set to zero. The MIPS single-

cycle data path shown on the next page is not currently able to execute the lui
instruction. (20 points)

a) Add to the diagram on the next page the data paths, multiplexors, control lines,
etc. required to support the lui instruction in the simplest manner possible.

b) Specify the values of the control signals (0, 1, or X for don’t care) when executing

an lui instruction. If you added any new control signals in part (a), put those at
the bottom of the table.

SIGNAL | VALUE

3;
1
1

RegDst 0
Branch [0,
MemRead | g o~ X
MemtoReg | @

ALUOp (see note)

MemWrite | €

ALUSrc y)

1
R 4), RegWrite |\
2 ALV Seel

|1

Note: You do not have to provide a value for the ALUOp control signal. You can assume
that it is set such that the ALU will feed its bottom input through to its output, without

changing the value.



PC

ALY

1
Add result

Instruction {31-26)

v Add

4 mo—]
Read
address

Instruction

{3120}
Instruction
memory

Control

Instruction {25-21}

RepDst
Branch

e ©

MemRead

—

MemtoReg

ALUOp

Memwrite
ALUSEE  muSre 2

RegWrile

Read

Instruction {20-18]

register 1 Read

Read data 1

register 2
Reglsters Read

Wiite data 2

EEE

Instruction [15-11}

register

Write

insteuction {15-0}

dsta

Zero
v>—.: ALU

16
\ Slgn

result

I"_“[ii'—'

—

32
A

\ “lextend

Instrucion {5-0)

A}

i

Read
address

Write
address

Write
data

Read
data

Data
memory

-
1

Oxexgr






