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1.

(10%)

(a) (2%) Describe Amdahl’s Law and define the equation of the overall speedup using the original
machine with the enhanced mode.

(b) (4%) Describe the weighted arithmetic mean and geometric mean for summarizing the
performance results of a benchmark suite, and explain in which circumstance each of them is
more suitable to be applied.

(c) (4%) Define the following two main measures of dependability and the equations with respect
to mean time to failure (MTTF) and mean time to repair (MTTR): module reliability and
module availability.

(10%) A 4-GHz processor was used to execute a benchmark

program with the instruction mix and clock cycle counts InIt:;::X;?II}gE: Fr;g;ency Cf :
. . (]
shown in the following table. . . Floating-point ops | 10% 25
(a) (4%) Assume that the total number of instructions [[oads/Stores 40% 4
executed is 5x10°, determine the effective CPI, and |Branches 20% 2

execution time of this program.

(b) (3%) Assume that an enhancement proposal is to reduce the CPI of the floating-point
operations to 9 with 20% lengthening of the clock cycle time. Calculate the effective CPI and
the speedup of the enhancement.

(c) (3%) Calculate the fraction of the time for executing load and store operations of this program
in the original processor. Assume that we build an optimizing compiler to discard a half of the
Load/Store operations from the original instruction mix, determine the speedup of the
enhancement to the original design by applying Amdahl’s Law.

(10%)

(a) (3%) Describe the following two types of localities for memory hierarchy design and give one
example for each type: spatial locality and temporal locality.

(b) (3%) Describe the following three block placement approaches for cache and the block
identification method corresponding to each approach: direct mapped, set associative, and
Jully associative.

(¢) (2%) Describe the following two write options for cache: write through and write back.

(d) (2%) Describe the following two write miss options for cache: write allocate and no-write
allocate.
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4. (10%) Typically, miss rate, miss penalty, hit time, and bandwidth are the main metrics to evaluate
the performance of a cache memory. Describe each of the following cache optimizations and
indicate its positive impact to the performance metrics:

(a) multilevel cache

(b) nomblocking cache
(c) virtual cache

(d) merging write buffer
(e) hardware prefetching

5. (10%)

(@) (2%) Describe the main idea of vector architectures for exploiting data-level parallelism.

(b) (8%) Describe each of the following optimizations of vector architecture and the problem it
solves:
1. vector-length register
. vector mask register
iii. stride
v. gatter-scatter
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1. (15%) Pipelining is a well-known scheme to exploit instructional-level parallelism in executing
machine programs.

(a) Explain what pipelined execution actually means.

(b) Compared with non-pipelined method, does pipelining make a single instruction run faster? In
addition, does pipelining make a program run faster? Support your answers.

(¢) What typical pipeline stages do we have? (Use the stages that our reference textbook uses the
most to answer this question. Make the stage names clear enough, or explain in detail, to show
what each of these stages does. Be very careful not to leave out any necessary jobs in executing
an instruction; that is, simply listing the stage names, especially the very simplified abbreviated
stage names, will not be enough.)

(d) To change a design from non-pipelined to pipelined, from the hardware or physical resource
aspects, what costs must we pay? Be thorough, and support your answers well.

(e) To use a pipeline to run a program well, from the software or system aspect, what costs must we
pay? Again, be thorough, and support your answers well.
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2.(8%) Given an assembly loop code, if the execution of an iteration in a particular pipeline takes 9
clock cycles, ignoring the delayed branch:

Loop:L.D F0,0(R1)
stall
ADD.D F4,F0,F2
stall
stall
S.D F4,0(R1)
DADDUI R1,R1,#-8
stall (assume DADDUI latency is 1)

BNE RI1,R2,Loop

Instruction producingresult  Instruction usingrresult  Latency in clock cycles

FPALU op Another FP ALU p 3
FPALU up Slore double )
Load double FPALU op i

Load double Store double 0

(a)(3%) Reschedule the instructions to your best effort to speed the loop, showing how many
cycles it takes.

(b)(5%) Unroll the loop the minimal number of times and schedule again to eliminate all stall
cycles.  You need to keep the loop body size to a minimum. Assume that the array length
happens to be perfect for your unroll size. (Make any additional assumptions of yours only
whenever necessary.)
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3. (12%) Given the Tomasulo's algorithm diagram, and we know that it has two major features.

(a) Point out what these two major features are. Clearly explain what advantages each of these
two features can bring us.

(b) Using the diagram, clearly explain how each of these two features is implemented.

(c) In some situations we want to put in a reorder buffer (ROB). ~ Why do we do this?

(d) Continued from (c), explain how the system works so that it can now fulfill the requirement(s)
making us put in the ROB (explicitly noting if any of the original Tomasulo's algorithm
function(s) have been offloaded to other components).

From instruction unit

Instruction FP ragisters I
(el

Loadistore ﬂ

operations
f Floating-pelnt Operand

Address uplt aperations buses

Storebutfers = |

—

Load buffers

— Operation bus

3 ﬂ 2
2 Reservationw {
1 ) slations !
Data Address I Y
Memory unlt h FP adders FP rmmpie;sh

Common data bus (COB)
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4. (15%) In multiprocessor architecture, there can be centralized shared-memory multiprocessors and

distributed-memory multiprocessors. In accessing memory, on the other hand, there can be uniform

memory access (UMA) and non-uniform memory access (NUMA) types.

(a)Indicate which type multiprocessors exhibit what memory access features in general.  Support
your answers.

(b)Indicate which type multiprocessors are suitable for what type programs. Support your answers.

(c)Indicate the most noteworthy advantage(s) of each of the multiprocessor types.

(d)Which of the two types of multiprocessors can contain more processors?  Why?

(e) Which of the two types of multiprocessors can be easier to program on? Why?

(Note: An incorrect or irrelevant statement in your answer can cost you all points in that sub-question.)
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