
ECE 252 / CPS 220 Homework #2 

Due in class on Weds, Sept 23 (submission of Q8 due at 10:00am)

135 points

Explain all of your answers to get full credit! 

ILP and Pipelining (Appendix A, Chapters 2 and 3)

1)  (10 points) H&P 2.2

2)  (10 points) An ideal, out-of-order superscalar processor can execute as many instruc-
tions in parallel as permitted by data dependencies (i.e., such that true dataflow dependen-
cies aren’t violated). Assume that all instructions can be executed in one cycle. For the 
code snippet below, how many cycles does it take to execute on the ideal superscalar pro-
cessor? (Hint: what is the height of the dataflow graph?)

3)  (15 points) Write a summary, in 1 page or less, of the paper by Hrishikesh et al. What 
were the contributions of the paper? What were its strengths and weaknesses? How do you 
think the paper could have been improved?

4)  (20 points) Do some research on the pipelines of two current microprocessors (except 
you may not choose the Intel Pentium4). For both microprocessors you choose, write a 
couple paragraphs about its pipeline. How deep is it? How wide is it? What distinguishes 
it from the 5-stage pipeline in the textbook? What distinguishes it from the pipeline of the 
Intel Pentium4?  
Important: Why do you think these processors have different (or similar) pipelines? Please 
back up your arguments. 
You must credit your sources for any material you use to answer this question.

Superscalar and Dynamic ILP (Chapter 2)

5)  (10 points) H&P 2.5

6)  (10 points) How many bypass paths are there in a 6-stage (F1, F2, D, X, M, W) pipe-
line that is 3 instructions wide? How many wires and multiplexors (and what size muxes) 
does this bypass network require, compared to a processor without bypassing?

add r3, r1, r2 // r3 = r1 + r2

or r5, r6, r7

sub r4, r3, r2

load r4, 0(r2) // r4 = Memory [r2]

load r5, 0(r4)

store r4, 0(r6) // Memory [r6] = r4

store r5, 1(r4) // Memory [r4 + 1] = r5
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7)  (10 points) Assume the processor chip is 1cm by 1cm. Assume the clock is 2GHz. How 
many cycles does it take for an ideal signal (i.e., a signal traveling at the speed of light) to 
travel the farthest possible distance on chip? Aassume that you can route a signal diago-
nally. Now compare this result to the situation back when chips were the same size but the 
clock was 100MHz. Why do you think this trend affects microarchitects?

Pipelining and Hazards with SimpleScalar

8)  (50 points) Start with the sim-safe simulator. The main loop of the simulator, 
sim_main(), executes each instruction in-order and increments the cycle counter by one. 
Note that sim-safe does NOT model the timing of the execution—it only models the func-
tional effects of each instruction. To model timing, you’ll have to modify sim-safe.c to 
count how many cycles have elapsed during each iteration of sim_main(). Run all experi-
ments with the three working benchmarks.  
 
(a) Assume your processor is a 2-wide, in-order superscalar (i.e., can execute a maximum 
of 2 instructions per cycle). Ignoring data dependencies and assuming no hazards of any 
kind, what is its performance (i.e., how many cycles does it take to run)? 
(b) Data hazards: Now assume that the processor cannot execute data dependent instruc-
tions in the same cycle. For example, if an instruction writes to register 2, then no subse-
quent instruction (in program order) that reads register 2 can execute in the same cycle (it 
must wait until the next cycle). How does this affect performance? Note that this question 
is independent of the pipeline length. 
(c) Structural hazards: Now assume that the L1 data cache has only port and thus the pro-
cessor can only execute at most one memory operation (load or store) per cycle. How does 
this affect its performance? 
(d) Control hazards: Now further assume that the processor has a 9-stage pipeline. The 
result of a conditional branch (i.e., taken or not-taken) is computed in stage 7. The proces-
sor statically predicts all conditional branches as not-taken and continues fetching from 
the instruction after the branch (the fall-through instruction). If the branch is indeed not-
taken, then there is no penalty. If the branch is taken, then all instructions after the branch 
are squashed and fetching resumes from the instruction immediately from the branch des-
tination. How does this affect performance?  
 
You will submit the version of sim-safe.c that incorporates all three issues raised in parts 
(b), (c) , and (d). When you’re ready to submit your modified sim-safe.c, rename it to 
homework2.c and submit it by directing your web browser to 
https://www.ee.duke.edu/sorin-upload/. Upload your file called homework2.c. 
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