
Principles in Computer Architecture I – CSE 240A (Section 711219)

CSE 240A Homework One

April 5, 2011

Only Problem Set Two will be graded. Turn in only Problem Set Two which will be due on
April 25, 2011 (Monday) at 3:00pm.

1 Problem Set One

• Hennessy & Patterson (4th Ed) 1.2

• Hennessy & Patterson (4th Ed) 1.5

• Hennessy & Patterson (4th Ed) 1.7

• Hennessy & Patterson (4th Ed) 1.9

• Hennessy & Patterson (4th Ed) 1.10

• Hennessy & Patterson (4th Ed) 1.13

• Hennessy & Patterson (4th Ed) 1.14

• And Attached 5 Appendix A problems
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2 Problem Set Two

1 (Amdahl’s law)

A company is considering modifications to its processor architecture. The modifications that are
being considered, unlike the simple formulation of Amdahl’s law, have multiple ramifications to the three
major components of the processor. The ramifications are outlined in the following table, in which each
entry denotes the factor by which the execution time of that component in the column header will be
affected.

Modifications Component X Component Y Component Z
A 0.2 1.2 1.0
B 1.0 0.5 1.2
C 1.3 1.0 0.8
D 0.7 1.1 1.2

(Part A) If the fractions of the total execution time for the three components, X, Y, and Z are 30%.
45%, and 25%, respectively, please identify the speedups (or possibly performance degradations) that
are to be expected from each of these 4 modifications. Please rank the four modifications in terms of
speedup.

(Part B) Suppose it is NOT known what percent of the overall execution time is derived from each
of the three pieces. What is known is that the 4 modifications result in a speedup ranking of A, B, C,
D, with A being the fastest. Please identify the functional relationships in the component execution
time percentages (the sum of which should of course add to 1 as in Part A), for which this particular
ranking holds. For partial credit, please provide a possible component execution time percentage, for
which the aforementioned ranking holds.
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2 (Structural Hazards in Floating-Point Pipeline)

IF ID WBMEM
A1 A2 A3 A4

FP adder

M1 M2 M3 M4 M5 M6 M7

FP divider

EX

Inter unit

FP multiplier

The figure above shows a floating point pipeline that can execute three types of floating point
instructions, add, mult, and div. Addition takes 4 cycles to finish, while multiply takes 7 and divide
takes 11. More interestingly, during execution all three instructions need to use two pieces of common
hardware, namely, X and Y, thus giving rise to possible structural hazards. The execution stages during
which these two common hardware components are utilized for each instruction is given below, with
“x” denoting the use of component X, “y” the use of component Y, and “0” no use of either X or Y in
that stage.

Add: 0x0y
Mult: x0y0y0x
Div: xy00xy00x0y

In this pipeline design, the conflict resolution for the possible structural hazard is performed once
and for all at the ID stage. In other words, if the instruction at the ID stage conflicts with an instruction
in execution, it is blocked until the cycle at which it can be issued with no conflict. Once the execution
starts, the instruction does not stall.

(Part A) A technique was outlined in your book for dealing with the structural hazards of register
write in the MIPS floating point pipeline. Please first briefly describe that technique, then furthermore
generalize it so as to resolve the aforementioned resource conflicts. More specifically, you need to address
the type and the number of hardware component(s) that need to be employed, as well as the approach
for handling structural hazards using such component(s).
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(Part B) The instructions listed in the following cases are assumed to be data independent. For
each case, please identify the minimum latency (in terms of clock cycles) induced by the aforementioned
structural hazards between any two adjacent instructions.

1. add followed by multiply

2. multiply followed by divide

3. add followed by divide

4. divide followed by add

5. multiply followed by add followed by multiply

6. divide followed by add followed by multiply
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(Part C) Noticing that structural hazards have caused a large number of stalls between adjacent
floating-point instructions, one engineer in the design team has proposed to insert a no-op stage (which
obviously uses neither the X nor the Y component), during the execution of mult so as to reduce the
impact of structural hazards. The engineer, however, is not quite confident of being able to persuade
the manager to adopt this idea, since this no-op will increase the execution time of multiply instructions
by 1 cycle. Please help the engineer to evaluate her idea, by determining whether inserting a no-op
is helpful in reducing the number of stalls caused by structural hazard. If you think it is not helpful,
please state the reasons; if you think it is helpful, please show the position where the no-op should be
inserted, and furthermore show instruction sequences that can benefit from this no-op.
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3 (Scoreboard Hazards Handling)

This question examines the basic concepts of the scoreboard technique. Recall that in a scoreboard
processor, instructions are issued in order yet executed out of order. This execution strategy requires
three types of information to be recorded: instruction status, functional unit status, and register result
status.

(Part A) This part of the question considers the register result status, used to record the functional
unit that will write each register, such as the table shown below.

Table 1: Register result status
F0 F2 F4 F6 ... F30

FU Mult1 Int2 Add1

As you may have noticed, in scoreboard at any time there exists at most one issued instruction that
can write to a particular register file. Motivated by this observation, one engineer in the design team
has suggested that instead of recording the functional unit names, the register result status table only
use, for each register, a single bit to indicate whether there exists an issued instruction that has the
register as its destination. Such an instruction, once it finishes execution, obviously knows where to
write anyway (through the Fi field in the functional unit status table). The company’s attempts to use
this idea resulted eventually in this poor engineer getting fired. What is the reason? Why do we need
to record functional unit names in the register result status table?
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(Part B) This part of the question considers the functional unit status table in a scoreboard processor.
Recall that this table uses two fields Qj and Qk to keep record as to which functional units will produce
the source registers Fj and Fk, as well as another two fields, Rj and Rk, to indicate whether Fj and
Fk are ready or not. However, since in a scoreboard the operands are fetched from the register file
directly, it would seem that only using the Rj and Rk fields would suffice.

You have been provided three instructions, add, mult, div, as well as four possible instruction se-
quences, listed in the following table.

Sequence A Sequence B Sequence C Sequence D Sequence E Sequence F
mult mult div add div add
add div mult div add mult
div add add mult mult div

The following tables correspond to a state wherein the div operation is somewhere in progress, while
both the add and the mult operation are known to have just finished execution and are about to enter
the WB stage to write results. As you may have noticed, none of the functional unit status tables listed
below has any Qj or Qk fields. You are asked to identify for each case, all the possible instruction
sequence(s) that make the table valid. Please give a brief explanation for each case.

Name Busy Op Fi Fj Fk Rj Rk
Add yes ADD F6 F8 F2 no no
Mult yes MUL F0 F2 F4 no no
Div yes DIV F10 F0 F6 no yes

The valid instruction sequence(s) are:

Name Busy Op Fi Fj Fk Rj Rk
Add yes ADD F6 F8 F2 no no
Mult yes MUL F0 F2 F4 no no
Div yes DIV F10 F0 F6 no no

The valid instruction sequence(s) are:
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(Part C) In hardware, either of the Rj and Rk fields in the functional unit status table is represented
by a single bit. However, one engineer has proposed to extend each field to two bits that can represent
the following three states:

• wait – the instruction is waiting for an operand to be produced;

• ready – the operand is ready in the register file, but has not been read yet.

• done – the instruction has already read its operand.

The engineer claims that by extending the Rj and Rk fields, the corresponding instruction sequence
can be solely determined without knowing the Qj and Qk fields.

Again, the following tables correspond to an execution cycle at which div is still in process, while
both add and mult have just finished execution and are about to enter the WB stage to write results.
You are asked to identify for each case, whether the status shown in the table is a valid status in the
scoreboard or not. If you think it is invalid, please provide a brief reasoning. On the other hand if
you think the status is valid, please provide all the possible instruction sequence(s) (among the group
shown in Part (B)) that make the table valid.

Name Busy Op Fi Fj Fk Rj Rk
Add yes ADD F6 F8 F2 done done
Mult yes MUL F0 F2 F4 done done
Div yes DIV F10 F0 F6 ready wait

Name Busy Op Fi Fj Fk Rj Rk
Add yes ADD F6 F8 F2 done done
Mult yes MUL F0 F2 F4 done done
Div yes DIV F10 F0 F6 ready done

Name Busy Op Fi Fj Fk Rj Rk
Add yes ADD F6 F8 F2 done done
Mult yes MUL F0 F2 F4 done done
Div yes DIV F10 F0 F6 done done
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