QO01. [P3.2] The following code fragment processes an array and produces
two important valuesin registers $v0 and $v1. Assume that the array
consists of 5000 words indexed 0 through 4999, and its base address
is stored in $a0 and its size (5000) in $al. Describe in one sentence
what this code does. Specificaly, what will be returned in $v0 and $v1?

The code determines the most frequent word appearing in the array
and returnsit in $v1 and the number of appearancein $v0 .

add $al, $al, $al // double size of array Initialization
add $al, $al, $al I/ quadriple size of array
add $v0, $zero, $zero /I clear $vo
add $t0, $zero, $zero /I clear temp register $t0

outer: add $t4, $20, $t0 1] $t4 <= $a0 + $t0
Iw $t4, 0($t4) // load memory[$t4] into $t4 Load content of current pointer into $t4
add $t5, $zero, $zero I/ clear $t5
add $t1, $zero, $zero /I clear $t1

inner:  add $t3, $a0, $t1 /I $t3 <= $a0 + $t1 compare content of next pointer with $t4
Iw $t3, 0($t3) // load memory[$t3] into $t3 and keeptrack of the nummber of the same
bne $t3, $t4, skip I/ goto skip if $t3 1= $t4 number in arrary
addi $t5, $t5, 1 I/ increment $t5

skip:  addi $t1, $t1, 4 /$t1+4 increment and loop if next pointer !'=end
bne $t1, $al, inner // goto inner if $t1!=$al
slt $t2, $t5, $v0 // goto next if $t5<$v0 save if the current word is the most frequent
bne $t2, $zero, next
add $v0, $t5, $zero Il store $t5in $v0
add $vl, $t4, $zero /] store $t4 in $v1

next:  addi $to, $t0, 4 /I $t0+ 4 Increment current pointer
bne $t0, $al, outer // goto outer if $t0 !=$al Keep looking if Current pointer != end

QO02. [P3.3] Assume that the code from QO1 is run on a machine with a 500-MHz clock that requires the following number of cycles
for each instruction:

Instruction  Cycles
add, addi, st 1
Iw, bne 2

In the worst case, how many seconds will it take to execute this code?

The initialization Stage has 4 instructions which are included for completeness.
The outer loop (which iterates 5000 times) has four instructions before the
inner loop and six after in the worst case. The cycles needed to execute
thesearel+2+1+1=5and1+2+1+1+1+2=8, foratota of

13 cycles per iteration, or 5000 * 13 for the outer loop. The inner loop
requiresl+2+2+1+1+2=9cyclesperiteration and it repeats

5000*5000 times, for atotal of 9* 5000 * 5000 cycles. The overall

execution time is thus approximately (4 + 5000 *13 + 9 *5000* 5000) /

(500 *10"6 ) = 0.45013 sec. Note that the execution time for the inner loop
isredly the only code of significance.



QO03. [P5.1] Describe the effect that a single stuck-at-0 fault (i.e.,regardless of what it should be, the signa is aways 0) would have

on the multiplexors in the single-cycle datapath in Fig 5.19 on p. 360 [similar to Slide 33, Week 9 Friday lecture]. Which
instructiong of those we based our design upon], if any, would still work? Consider each of the following faults separately: RegDst =
0, ALUSrc = 0, MemtoReg = 0, Zero [Equal] = 0.

If Regdst = 0, all R-format instructions will not work properly

because we will specify the wrong register to write. If ALUSrc = 0, then
al I-format instructions except branch will not work because we will

not be able to get the sign-extended 16 bitsinto the ALU. If MemtoReg =
0, then loads will not work. If Zero = 0, the branch instruction will

never branch, even when it should.

QO04. [P5.12] Consider the following idea: Let's modify the instruction set architecture and remove the ability to specify an offset for
memor yaccess instructions. Specificaly, all load-store instructions with non-zero offsets would become pseudo instructions and
would be implemented using two instructions. For example:

addi $at, $t1, 104 # add the offset to atemporary
Iw $t0, $at # new way of doing Iw $t0, 104 ($t1)

What changes would you make to the single-cycle datapath and control
if thissimplified architecture were to be used?

In this architecture, we no longer have to go through the
ALU and then to memory. We would not want to add zero using the ALU,



instead we want to provide a path directly from the Read data 1 output

of theregister file to the read/write address lines of the memory

(assuming the instruction format does not change). The output of the ALU

would no longer connect to memory. Assuming we are not implementing addi or addiu,

it ispossibleto remove AluSrc and the multiplexor it controls by having just the data

from Read data 2 going into the ALU. This resultsin additional optimizationsto ALU control and Control.

QO5. [P5.13] If the modifications described in Q04 are implemented, there are some definite trade-offs with regard

to performance. Specificaly, the cycle time may be affected, and al load-store instructions with nonzero offsets would now
require an extra addi instruction (a good compiler might find ways to reduce the need for extra addi instructions, but you can
ignore this). If there are too many load-store instructions with nonzero offsets, it islikely that the modification would not improve
performance. Assuming delays as specified on page 373,what is the highest percentage of |oad-store instructions with offsets that
could betolerated (i.e., that would still result in the modification having a positive impact on performance)?

LW instruction loads data from memory to register, and it takes atotal of 2+ 1+ 2 + 2+ 1 = 8ns. (Instruction Memory read +
Register read + ALU + Datamemory read + Register write). The cycle time goes down, from 8 nsto 6 ns, because we no
longer need to go through the ALU to calcul ate an address. Consider executing 10 instructions, one of which is aload word
with an offset. Previously this would have taken 10*8 = 80 ns. Now we require an additional addi instruction to compute the
offset, and it takes (10 + 1) *6 =66 ns. So clearly we can tolerate more than 10%. Algebraicaly, 8 *I =6 *(X + 1)I, wherel is
the number of instructions and X is the percentage we are solving for. Thus, X = .33 and we can tolerate 33% of the
instructions being loads and stores with offsets.

This shouldn't be surprising, because we sped up the cycle time by a factor of 8/6 = 1.33.

QO06. [P5.14] In estimating the performance of the single-cycle implementation, we assumed that only the major functional units
had any delay (i.e., the delay of the multiplexars, control unit, PC access, sign extension unit, and wires was considered to be
negligible). Assume that we change the delays specified on page 373 such that we use a different type of adder for simple addition:

* ALU: 2ns
* adder for PC + 4: X ns
* adder for branch address computation: Y ns

a. What would the cycletimebeif X =3andY =3?
b. What would the cycletimebeif X =5andY =5?
c. What would the cycletimebeif X =1andY = 8?

The key isto understand that it is the length of the longest path in

the combinational logic that is determining the cycle time. Essentialy,

we compute the length of the longest path for each instruction and then

must take the one with maximum value, as this represent the speed bottleneck.
At present, the lw instruction is providing the longest path of length 8 ns.

a. The changes do not increase any paths beyond current maximums,. Thus
the cycletimeisstill 8 ns.

b. Consider the beq instruction. We now have a path which requires 10 ns
to compute the branch address (X + Y =10 ns), and thisis maximum. Thus,
the cycle timeincreasesto 10 ns.

¢. The second adder (requiring Y time) has two inputs, one of which isnot available until after the instruction
isread (the 16 immediate bits), and this takes 2 ns. Thus, the actual maximum length path is 2+8=10 ns, and the cycletimeis
10 ns.



