EEL 4713/5764, Spring 2006 – Computer Architecture
Midterm Exam #1 – SOLUTIONS 
Administered Friday, Feb. 10
Instructions:  Open book/notes/calculators.  No talking, texting or IM’ing.  You have 50 minutes to complete the exam (12:55-1:45), or about 16 minutes per problem, so pace yourself.  Each problem is worth 35 points, for a maximum score of 105, and full credit is 100 points.  Raise your hand if you need a clarification on any problem.
Problem 1.  Performance and cost metrics (CIO 1 aeo).

Imagine that you are the lead architect on a team assigned to design a new multiprocessor computer.  The goal for this new product is for it to be a cost-performance leader within the server computing market.  The marketing team has already specified that the total cost of the machine must fall somewhere within the range of the $50,000-$100,000 that is typical of high-end server machines, and that furthermore it ought to be as close as possible to the low end of this range, so as to best attract the value-seeking customer.  You expect that the purchasers in the market for this particular product will not care very much about power consumption, as long as it is less than about 50 kW.

You are trying to choose between two different types of processors to base your system design on.  Chip A costs $2,750, performs at a throughput level of 80 work units (database transactions) per second in a benchmark application, and consumes 100W of power.  Chip B costs $1,600, completes 50 work units per second, and consumes 50W of power.  (For this problem, neglect the cost and power consumed by other components.)

In the following, use these variables:



Csys,min - The minimum cost of the system



Csys,max - The maximum cost of the system



Psys,max
- The maximum power consumption of the system.



CX
- Cost of a chip of type X (where X = A or B)


   (and similarly with P (power) and T (throughput) of chips A and B)



nchips -
Number of chips of the selected type in the system.

a) [12] Identify the design constraints that our system design must satisfy.  Also, assuming that power will not end up being the limiting factor in the design, identify the quantities that we should be trying to maximize and/or minimize in this design scenario.  


(i) [4] The design constraints are:

The constraints are that total system cost must be ≥$50k and ≤$100k, and total system power consumption must be <50kW.

(ii) [4] The quantity or quantities to maximize is/are:

Since the goal of the product is to be a cost-performance leader, we’d better try to maximize its cost-performance!

(iii) [4] The quantity or quantities to minimize is/are:



System cost should be minimized, within the ≥$50k constraint.


(Also, (ii) already implies we’re minimizing cost/performance.)

b) [12] Now, formulate analytical expressions, in terms of the variables given above, for:

(i) [4] the constraints that our design must satisfy,



Constraints on total system cost:

Csys = nchipsCX ≥ Csys,min
Csys = nchipsCX ≤ Csys,max


Constraints on total system power:

Psys = nchipsPX ≤ Psys,max
 (ii) [4] the quantity that we should be maximizing in our design (figure of merit),
Maximize system cost-performance:
CPsys = Tsys/Csys = TXnchips/CXnchips = TX/CX.
(iii) [4] the quantity that we should be minimizing in our design (figure of demerit)



Minimize system cost (within the minimum cost constraint):



Csys = nchipsCX = (Csys,min/CX (·CX


(This goal is secondary to minimizing the cost per unit of

throughput, CX/TX, or maximizing cost-performance)
c) [11] Solve the problem.  Show your work.
(i) [4] Which type of chip (A or B) does a better job of maximizing the figure of merit?  


CPsys,A =TA/CA = 80 w.u./s/$2.75k = 29.09 w.u./s/$1k


CPsys,B =TB/CB = 50 w.u./s/$1.6k = 31.25 w.u./s/$1k

Chip B gives better cost-performance (31¼ work units per second per $1,000 of cost, versus only 29.09 for chip A).
(ii) [4] How many copies of this chip should we include in our system design?  That is, what is the optimal value of nchips, within the design constraints?
Since we want to minimize system cost Csys,B = nchipsCB,  we must minimize nchips, within the constraint that nchipsCB ≥ $50k.  Thus,
the optimal (minimum) value of nchips is given by
nchips,opt = ($50k/CB( = ($50k/$1.6k( = (31.25( = 32.

(Since 32(50W = 1.6kW < 50 kW, the power constraint is met.)
(iii) [3] Does the chip that you chose in part (i) also minimize the figure of demerit, within the design constraints?  
If we had used chip A, then we would have had



nchips,opt = ($50k/CA( = ($50k/$2,750( = (18.18( = 19,

and 
Csys,A = 19($2,750 = $52,250. 

With chip B, we have



Csys,B = 32($1,600 = $51,200.
So yes, chip B also lets us achieve a design with lower total cost that still meets the $50,000 minimum cost constraint.

Incidentally, although we didn’t ask you to compute it, the optimal design with chip A would have a total throughput of 19(80 w.u./s = 1,520 work units per second, while the design with chip B will have a throughput of 32(50 w.u/s = 1,600 work units per second.  So, the total throughput is also greater if we base our design on chip B.  This is because the total cost of the chip-B-based design is about the same (near the $50k target), but the cost-performance of chip B was greater.
Problem #2.  Assembly ( Machine Language (CIO 2 ao).

Hand-assemble the following (Mini-)MIPS assembly-language code fragment to correct machine language.  Fill in your answer in binary in the table below.  Also, annotate the table with lines and labels that clearly delineate all of the fields of each instruction.  


slt
$t0, $a0, $a1

infloop:
beq
$t0, $zero, infloop
	Type
	MSB
	
	
	LSB

	
	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	R
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0

	I
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


Also, indicate the type of each instruction (R/I/J) in the leftmost column.

Finally, write out the machine code as a pair of hexadecimal words:

0x0085802A,  0x1100FFFF
Problem #3.  C ( Assembly (CIO 3 aco)

The following C language function intpower() computes integer powers, that is, given an integer b, and an integer exponent e≥0, it returns the value of be, if this value fits in an int.  (If not, then the result will be meaningless.)
int intpower(int b, int e){
/* Find b to the power e.        */



int r = 1;

      /* Initialize result to 1.       */



while (e>0) {

/* While exponent’s more than 0, */



r *= b;

/*   multiply result by base,    */




e--; }
      /*   and decrement exponent.     */



return r;


/* Return result.                */
}
Design a correct implementation of this function in MIPS assembly language; that is, hand-compile the C code above to equivalent MIPS assembly.  You may use any standard MIPS pseudoinstructions.  Obey the standard MIPS calling conventions, except don’t worry about the frame pointer.  Assume that an int is 32 bits.  Don’t worry about what happens if e is negative, or if the result is too large to fit in a signed integer.
Please write neatly, comment your code, and draw a neat table that describes, for each MIPS register that you use, how you are using that register.  You don’t have to use the stack in this problem, but if you do, sketch a picture of your stack structure.

# Local variables:


#
b
$a0
Base value to raise to some power.

#
e
$a1
Exponent remaining to raise the base to.

#
r
$v0
Accumulated result so far.

intpower:
addi
$v0, $zero, 1
# r := 0.

while:

blez
$a1, endwh

# Break out of while loop when e<=0.



mul
$v0, $v0, $a0
# r := r * b.



addi
$a1, $a1, -1

# b := b - 1.



b
while


# Continue looping.

endwh:
jr
$ra


# Return result r already in $v0.
op





rs





rt





rd





imm





sh





fn





(42)





(-1)








