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1. The code below calculates the n double-precision floating-point elements of 
the array Z=(z_1,z_2, … ,z_n) from the elements of the two arrays  
X=(x_1,x_2, … ,x_n) and Y=(y_1,y_2, … ,y_n) whose addresses are contained in 
(R1) and (R2), respectively. The address of the 1st element of Z is stored in 
R3.  R4 contains initially the number of elements in each array, i.e., n. The 
above code was executed on a pipelined processor (with the stages IF,ID,EX1, 
...,EXk,M,WB) with data forwarding but no dynamic rescheduling. The processor 
includes fully-pipelined floating-point divider and multiplier, each with a 
throughput of one result per cycle. The floating-point divide and multiply 
operations take 6 and 2 cycles, respectively. Assume that no stall cycles are 
required after any integer instruction. If the result of a Load instruction is 
needed by the next instruction, 1 stall cycle is required.

(a) How many stall cycles 
will the processor 
experience if a divd or 
multd instruction results 
in a RAW hazard with the 
immediately following (i) 
arithmetic instruction, 
(ii) store instruction?
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(b) How many cycles would each 
iteration of the above code take 
on the given processor? 

(c) Rearrange the code (no 
unrolling) so that it will take the 
smallest number of cycles per 
iteration. What is now the 
number of cycles per iteration?
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(d) Unroll the loop once and rearrange the code so as to minimize the number of 
cycles required. What is now the number of cycles per (the original) iteration?

(e) Estimate the total number of cycles that would be needed to complete the 
processing of n=101 elements using the unrolled loop from part (d)? Assume 
that the processor has a branch prediction unit with a 2-bit per entry branch 
history table and a branch target buffer.
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2. You are asked to design a 3-bit branch predictor where each state indicates 
e outcomes of the three most recent executions of the given branch.              
(a) Complete the state diagram below by adding the missing state transitions.  
(b)  Mark on each state the branch prediction that would be made. Explain your 
approach. 

(c) Assuming an initial state of NNN, what would be the long term prediction 
rate for the sequence NNN TTT NNN TTT. Use the table below.
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(d) What would be the long term prediction rate achieved by the 2-bit predictor 
(shown below) with the initial state N*?
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3. Program A executes K (K=2 10^9) instructions on a 1 GHz RISC processor 
that includes a cache-main memory-hard_drive hierarchy. Assume an ideal TLB 
with hit rate of 1 and 0 access time. The instruction distribution of the program 
is: 45% ALU, 29% Load, 11% Store and 25% other instructions. The data and 
instruction cache have each an access time of 1 CPU clock cycle. Their hit rates 
are h_d and h_i, respectively (h_d=0.95 and h_i=0.97). The main memory has a 
cycle time of t_m (t_m=50) CPU cycles, a hit rate of h_m (h_m=0.999) and 
servicing a page fault, that requires a hard-drive access by the operating 
system, requires on the average t_pf (t_pf=2 10^6) CPU cycles. The total 
execution time of program A when it was allowed to resume execution 
immediately after completing the service of each page fault, was T_HD 
(T_HD=208.4) sec.                                                                                             
(a) Write an expression for the number of page faults, n_pf, that the program 
has experienced and then calculate it for the given numerical values.

ECE568/Koren Sample Midterm-2 .8 Copyright 2016 Koren UMass

(b) Write an expression for the CPI of the program during the time periods 
when page faults are not serviced and then calculate its numerical value.

(c) Why is the calculation in part (b) restricted to the time periods when page 
faults are not serviced?
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(d) The hard drive was replaced by a Solid State drive resulting in a reduction 
of 50% in the average time needed to service a page fault. What would be the 
smallest execution time that program A will experience? Write an expression for 
T_SSD and then calculate its numerical value.

(e) (Bonus) Write an expression and calculate the numerical value of the base 
CPI of the processor, i.e., the CPI when all memory references made by the 
program hit in the cache units.
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4. A certain processor uses separate instruction and data caches with hit 
ratios h_i and h_d, respectively. The access time from the processor to 
either cache is c clock cycles, and the block transfer time between the 
caches and main memory is b clock cycles.  Among blocks replaced in the data 
cache, f_{dir} is the percentage of dirty blocks.  (Dirty means that the 
cache copy is different from the memory copy.) 
(a) Assuming a write-back policy derive an expression for the average access 
time for the data cache.
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(b) Repeat (a) for the instruction cache.

(c) Among all memory references made by the CPU, f_i is the percentage of 
references to instructions. Based on your results for (a) and (b) write an 
expression for the effective memory-access time in terms of 
h_i,h_d,c,b,f_i, and f_{dir}.

(d)  If the size of blocks in both cache units is doubled, how will the average 
memory-access time be affected? Explain.
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5. A program executes 4 billion instructions on a processor that includes a 
cache-main memory-disk hierarchy and its total execution time is T_c sec.  
During its execution k memory references have a cache miss and attempt to 
access the main-memory. 1-h of these references miss in the memory and 
result in a page fault.  If the execution of the program is simulated under the 
assumption of 0 page faults then the execution of the above program goes 
down to f T_c (with f<1).                                      (a) Write an expression for 
the main memory miss-rate (1-h) if the main memory hit-time is t_m and the 
missing page penalty is 1.2 10^4 x t_m. Assume that the TLB contains all virtual 
to physical page mappings and ignore the TLB access time.
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(b) Calculate the main memory hit rate, h, for a 1 GHz processor, t_m=100 CPU 
clock cycles, f=0.8, k=10^7 and T_c=8 sec.

(c) What would be the execution time of the program if an ideal memory (with 
t_m=0 and a 0 miss rate) is used?
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(d) Calculate the CPI of the processor while executing the given program.

(e) (Bonus) Given the instruction frequency of the program: 45% ALU, 19% 
Load, 11% Store and 25% other instructions, estimate the average cache 
hit rate.
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6. State whether each of the following statements is true or false:       (a) The 
local predictor in Alpha's Tournament Branch Predictor consists of two 
structures. The first one has 1024 entries with each 10-bit entry containing the 
outcomes of the 10 most recent executions of a branch. These 10 bits provide 
an input to the 2nd structure that contains 1024 3-bit saturating counters. For 
an average program, approximately 20% of the entries in the first and in the 
second structures will be used.

(b) The number of entries in the ROB (reorder buffer) should be larger than 
the number of entries in the Result Shift Register and also larger than the 
number of pipeline stages.

(c) A 3-bit saturating counter will have a higher prediction accuracy than a 2-bit 
saturating counter when used as a local branch predictor for the sequence of 
branch outcomes T,N,T,N,T,N,.... Assume an initial state of N*, i.e., 000 or 00, 
for the two counters, respectively.
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(d) Speculatively executed instructions due to an uncertain outcome of a 
branch will enter the ROB (re-order buffer) only once the branch is resolved.

(e) A VLIW processor will have a higher performance if the compiler unrolls 
the loops in the program.

(f) If a Load instruction experiences a page fault during the data read step, it 
will be the last instruction to commit before the operating system takes 
control.
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7. A 4096-entry Branch History Table (BHT) has in each entry 19 bits including a 
3-bit history shift register (HSR) and eight 2-bit prediction fields. The HSR 
includes the results of the 3 most recent executions of the branch, e.g., if the last 
time this branch was executed the checked condition was satisfied but it was not 
satisfied during the previous two, the corresponding HSR entry will equal 001.   
Each prediction field is the state of a 2-bit saturating counter. The i-th field, PRi, 
(i=0,1,...,7) is used to predict the outcome of the current execution of the branch if 
the HSR field is equal to i. (a) Assuming that initially all bits in the BHT were set to 
0 and that the outcome sequence of a certain branch is T N T N T N T N ..., use the 
partially filled table to find out when will the BHT “learn” the execution sequence 
and predict correctly the outcomes of the branch.

ECE568/Koren Sample Midterm-2 .18 Copyright 2016 Koren UMass

(b) Repeat part (a) for the following outcome sequence of a certain branch:  T 
T N T T N T T N T T N ...
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8. A computer system includes a 500 MHz processor and a storage hierarchy that 
consists of instruction and data cache units (with an access time of 1 CPU clock cycle 
each), a memory unit and a disk.  A program running on that computer executes 1 
billion instructions with 40% of them ALU instructions, 30% Load and Store, and 
30% other instructions. The observed completion time for the program was 25sec 
and (hardware and software) changes were considered to reduce it.         (a) To 
isolate the reasons for the poor performance the program was simulated under the 
assumption that the miss rate of the two cache units is 0.  The resulting simulated 
execution time was 3.8sec. Calculate the corresponding CPI.

(b) To reduce the impact of the cache misses some hardware and software changes 
were performed and as a result the measured miss rates (while executing the above 
program) were reduced to 0.5% and 2% for the instruction and data cache units, 
respectively. The cache miss penalty is 40 cycles. Assuming that the memory miss 
rate is 0, calculate the: (i) Average Memory Access Time (AMAT), (ii) expected CPI, 
(iii) average miss rate for the two cache unit, and (iv) expected total execution time.
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(d) Given that an access to the disk to read a page is 10msec, can you estimate 
the number of page faults that occurred during the original 25sec execution? 

(e) The page replacement policy of the memory-disk hierarchy has also been 
modified and as a result the memory miss rate was reduced to  0.01%, i.e., 
0.01% of all references that missed in the cache also miss in the main memory 
and the operating system takes control. Recalculate the AMAT. Should the 
CPI also be recalculated? Also estimate the completion time of the program.


