CS 2200 Fall 2006 Test 1

Name:__ Kishore GT Number: gt

Please indicate your GT number in the grid below so we have some chance of
being able to read it.

G
t
0|1]2][3|4]|5[6]7]|8]9]0]e]d
0|12 |3|4|5|6|7|8|9]0
0|12 |3|4|5|6|7|8|9]0
0|12 |3|4|5|/6|7|8|9]0
a|Blc|d|e|F[G|h]i]jlk]|[I|[m][n]Jo|pla]r|s|t]u]v]w]|x]|y]z
Problem Points Lost Gained Running Total TA
1 1
2 10
3 10
4 15
5 19
6 10
7 10
8 10
9 15
Total 100
= You may ask for clarification but you are ultimately responsible for
the answer you write on the paper.
= lllegible answers are wrong answers.
= Please look through the entire test before starting. WE MEAN IT!I!
Good luck!

1. (1 point, 1 min) The reason Braves will not make the playoffs this season
(circle one of the following):

(a) Bobby Cox (b) John Schuerholz (c) Chipper Jones (d) bad starting pitching
(e) bad bull pen (f) bad closer (g) bad hitting (i) who cares?

Page 1 of 10



CS 2200 Fall 2006 Test 1

Name:__ Kishore GT Number: gt

Instruction set design

2. (10 points, 5 mins)

An architecture has ONE register called an Accumulator (ACC), and
instructions that manipulate memory locations and the ACC as follows:

LD ACC, a; ACC <- contents of memory location a

ST a, ACC; memory location a <- ACC

ADD ACC, a; ACC <- ACC + contents of memory location
Simulate,

ADD a, b, c; memory location a <-

contents of memory location b +
contents of memory location c

Your answer:
LD ACC, b

ADD  ACC, c
ST a, ACC

3. (10 points, 10 mins) (Select the correct choice)
(a) Dividing the register saving work between the caller and callee on a
procedure call is a good idea because
both get equal amount of work to do
they each know the registers used by the other
local variables can be allocated on the stack
X the amount of work to be done can be minimized

all of the above

none of the above
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(b) An activation record of a procedure
__ X _ 1s usually on the stack

is usually kept in processor registers

is usually kept in a special hardware

is usually allocated in the heap space of the program

is usually allocated in the static (global) data space of the program

all of the above

none of the above

Datapath elements
4. (15 points, 10 mins)

@
LdA LdB LdC Assume initially
v 4 v A =98
[ AN S R B = 765

—‘ C =432

In the above circuit if LdA, LdB, and LdC are enabled in a given clock cycle,
then in the next clock cycle the contents of the registers are:

(Select one of the following)

A=B=C=0

A=0; B=C=298
A =0; B=298; C=765

X A = 432; B = 98; C = 765
No change
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(b) Given the following instruction format

31 26 25 2120 16 15 11 10
OPCODE| RX |

Ry | Rz | UNUSED

4“6 —>¢ 5P4¢5>¢5Ppe—11 —»

The architecture has a 32-element register file. The specific register to be
read/written from the register file is given by the address specifiers Rx,
Ry, Rz in the instruction. Design a circuit element that allows the
selection of one of these register specifiers. Your solution should clearly
label the number of wires going in and out the circuit element.

RegSel

IR 25-21 RX
IR 20-16 RY

IR15-11 RZ
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Control
5. (19 points, 15 min)
You are given below a datapath similar to the one iIn your project.

LC-2200 Datapath
32

\

\
LdPC<E,Ia LdA<dj EIBJ» LdB LdMAR LdIR m

10

WIREG Din WiMEM —] Addr  Din IR[31..0]
registers memory IR27-24 RX
16x 1024x IR[19..0]
32 bits 32 bits IR 23-20 RY
Dout Dout

IR 3-0 RZ

DrREG DrMEM DrOFF

IR[27..24] =t RX:
IR[23..20] ==—b Ry:

IR[3..0] == Rz:
IR[31..28] ===t OP:

Z: 1bit

We have decided to add another addressing mode autoincrement to LC-2200.
This mode comes in handy for LW/SW instructions. The semantics of this
addressing mode with LW instruction is as follows:

LW Rx, (Ry)+ Rx <- MEM[Ry];

; Ry <- Ry + 1;
The instruction format is as shown below:

31 28 27 24 23 20 19 0

|oPcoDE | Rx | Ry | UNUSED |

Write the sequence for implementing the LW instruction with this addressing
mode (you need to write the sequence ONLY for the execution macro state of
the instruction). For each microstate, show the datapath action (in register
transfer format such as A « Ry) along with the control signals you need to
enable for the datapath action (such as DrPC).

Write your answer on the next page.
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Lwi: Ry -> A, MAR
Control Signals:
RegSel=01; DrReg; LdA; LdMAR

Lw2: MEM[Ry] -> Rx
Control Signals:
DrMEM; RegSel=00; WrREG

LW3: A+ 1 -> Ry

Control Signals:
Func=11; DrALU; RegSel=01; WrREG
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Interrupt

6. (10 points, 10 mins)

(a) In the following interrupt handler code select the ONES THAT DO NOT
BELONG. (-1 point for each incorrect choice)

X disable interrupts;
X save PC;
save $kO;

enable interrupts;

save processor registers;
execute device code;
restore processor registers;
disable interrupts;

restore $kO;

X disable interrupts;
X restore PC;
_ X enable interrupts;

return from interrupt;

(b) In the following actions in the INT macro state select the ONES THAT DO
NOT BELONG. (-1 point for each incorrect choice)

X save PC;
X save SP;
$k0 «— PC;
X enable interrupts;
X save processor registers;

ACK INT by asserting INTA;

Receive interrupt vector from device on the data bus;
Retrieve PC address from the interrupt vector table;
Retrieve SP value from the interrupt vector table;

X disable interrupts

PC <«— PC retrieved from the vector table;

SP <— SP value retrieved from the vector table;
disable interrupts;
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Performance
7. (10 points, 10 mins)
Consider the program shown below that consists of 1000 instructions.

1::
| P

lo:
1., ADD
15: loop

13-
1,.: COND BR 110

l1000:

ADD instruction occurs exactly once in the program as shown. Instructions
1,0-114 constitute a loop that gets executed 800 times. All other instructions
get executed exactly once.

(a) What is the static frequency of ADD instruction?

171000 * 100 = 0.1%

(b) What is the dynamic frequency of ADD instruction?

800/(995+4000) * 100 = 16%
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8. (10 points, 10 min)

A given program takes 1000 instructions to execute with an average CPl of 3
and a clock cycle time of 2 ns. An architect is considering two options.
(a) She can reduce the average CPl of instructions by 25% while increasing
the clock cycle time by 10%; or (b) She can reduce the clock cycle time by
20% while increasing the average CPI of instructions by 15%.

(a) You are the manager deciding which option to pursue. Give the reasoning

behind your decision.

Let EO, E1, E2, denote the execution times with base machine, first option
and second option respectively.

EO = 1000 * 3 * 2 ns
E1 = 1000 * (3 * 0.75) * 2 (1.1) ns = 0.825 EO
E2 = 1000 * (3 * 1.15) * 2 (0.8) ns = 0.920 EO

Option 1 is better since it results in lesser execution time than 2.

(b) What is the improvement in execution time of the option you chose
compared to the original design?

Improvement of option 1 relative to base = EO — E1

EO

= 0.175

17.5 % improvement
Pipelining
9. (15 points, 10 mins)
For the LC-2200 instruction set we are considering a pipelined processor
design using a 5-stage pipeline as shown below

Mmcw|
Mcwo|
Mmcwm|
Tcwz|

—>IF [ "ID/RR}’ > EX [ [P MEM [ P WB —>

Assume the instruction going through the pipeline is
ADD Rx, Ry, Rz; Rx <- Ry + Rz

31 28 27 24 23 20 19 43 0

OPCODE | Rx | Ry | UNUSED | Rz |
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Write down what each stage does towards the passage of this instruction
through the pipeline iIn register transfer format. For an example of the
expected format, see the ID/RR stage below.

IF stage:
I-MEM[PC] -> FBUF
PC + 1 -> PC
ID/RR stage:

DPRF[ FBUF[Ry] 1 -> DBUF [Al:
DPRF[ FBUF[Rz] ] -> DBUF [B]:

FBUF[OPCODE] -> DBUF[OPCODE];
FBUF[RX] -> DBUF[RX];

EX stage:
DBUF[A] + DBUF [B] -> EBUF[Result];
DBUF[OPCODE] -> EBUF[OPCODE];
DBUF[Rx] -> EBUF[RX];

MEM stage:

DBUF -> MBUF;
WB stage:

MBUF[Result] -> DPRF [ MBUF[Rx] ];:
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