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EEL 4713 – Computer Architecture 
Midterm Exam 

Thursday, March 22nd, 2007 
 
 

NAME: 
 
 
 
Please read each question carefully, to avoid any confusion. This exam 
should have a total of 14 pages, printed double-sided. Pages 9-14 
have reference information and scratch space. Before you begin, make 
sure your copy contains all pages. The exam is closed book, closed 
notes. Each question has its number of points identified in brackets. 
 
GOOD LUCK! 
 
 

QUESTION POINTS SCORED 

1 [40]  

2 [25]  

3 [15]  

4 [20]  

TOTAL  
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1) [40] This question considers the addition of new instructions to the 
MIPS ISA: 
 
a) [20] Consider the additional of a “conditional load word/clear” 
instruction: 
 
 clwr rd,rs,rt           (rs, rd, rt are the R-type opcode fields) 
 
Which behaves as follows: 
 
 if $rs is zero 
  $rd = MEM[$rt] 
 else 
  $rd = 0 

 
Determine which new components and connections need to be added 
to the single-cycle datapath to support this new instruction. List 
each component, its connections and why they are needed in the 
space below (alternatively, you may draw each component and its 
connections in the single-cycle schematic in page 9). 
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b) [20] Consider the additional of a “conditional register copy” 
instruction: 
 
 crcp rd,rs,rt           (rs, rd, rt are the R-type opcode fields) 
 
Which behaves as follows: 
 
 if $rs is zero 
  $rd = $rt 
 else 
  do nothing 

 
As in part a), determine which new components and connections need 
to be added to the multi-cycle datapath to support this new 
instruction. In addition, determine the new states needed in the 
control logic to implement this instruction; be sure to list the control 
bits that need to be asserted in each state and the state transitions. 
See pages 10 and 11 for the multi-cycle datapath and control state 
machine. 
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2) [25] Consider the decimal numbers A=31.75 and B=768.375   
 

a) [5] Determine the single-precision floating-point encoding of 
these two numbers. 

 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
b) Suppose A,B are multiplied using floating-point hardware. 
 
i) [10] What are the two operands provided as inputs to the 
exponent “small ALU”? What is the exponent of the single-
precision number resulting from this multiplication? 
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ii) [10] Suppose the mantissas are handled by an implementation 
following Booth’s algorithm. How many addition and subtraction 
operations are required to multiply these two numbers? Explain. (Hint: 
you do not need to actually perform the multiplication).
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3) [15] You consider improving a processor’s performance by 
implementing changes to its organization that will reduce the CPI of a 
certain instruction type by exactly one cycle. Design constraints are 
such that you must choose a single instruction type to optimize.  
 
a) [10] Suppose the average mix of instructions is 25% loads, 25% 
stores, 20% branches, 30% ALU, and that the CPIs before 
optimization are 5 (load), 4 (store), 3 (branch) and 4 (ALU). Which 
optimization would lead to the best speedup? 
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b) [5] Suppose the optimization chosen in part a) would require 
extending the clock cycle by 1%. What would the overall speedup be 
for the optimized system? 
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4) [20] Answer the following multiple-choice questions; be sure you 
read all options before making your choice. 
 
 
a) [5] Circle one correct answer. What metric is used to calculate 
SPEC CPU results? 
 1) Number of instructions executed. 
 2) Average clocks cycles per instruction. 
 3) Clock rates 

4) Normalized execution times 
 
b) [5] Circle one correct answer. Consider a program P compiled with 
two different compiler flag settings (F1 and F2) for a multi-cycle MIPS 
computer C. The instruction count of P with flag F1 is 1,000, while the 
instruction count with flag F2 is 1,010. 
 1) The performance of P compiled with flag F1 is better than the 
performance with flag F2 in computer C 
 2) The performance of P compiled with flag F2 is better than the 
performance with flag F1 in computer C 
 3) The relative performance of program P compiled with flags F1 
and F2 cannot be determined without additional information 
 
c) [5] The exponent in single-precision floating-point representation is 
‘biased’ by a constant because: 
 1) It facilitates the addition of floating-point numbers 
 2) It facilitates the multiplication of floating-point numbers 
 3) It facilitates the division of floating-point numbers 
 4) It facilitates the comparison of floating-point numbers 
 5) None of the above 
 
d) [5] What is a possible justification for the MIPS “jump and link” 
instruction to implicitly store the PC+4 value to a fixed register (R31) 
as opposed to allowing an arbitrary register to be used? 
 1) To facilitate the compilation of recursive subroutines 
 2) To support as large as possible an immediate value for the 
target address 
 3) To simplify the design of the register file hardware  
 4) To achieve a reduction in the effective CPI of the jump-and-
link instruction in multiple-cycle datapath 
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Figure 1: single-cycle datapath
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Figure 2: multi-cycle datapath  
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Figure 3: multi-cycle state machine 
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Scratch space 
 




