1. Write an ARM assembly code for multiplication of two numbers stored in R1, and R2.  You cannot use MUL (multiply) instruction.

2. Choose the best processor for given tasks. Please justify your answers. All architectures are byte-accessible.
   A)  8 bit processor,  32 KHz, 10 baht

   B)  16 bit processor,  1 MHz, 50 baht

   C)  16 bit processor, 20 MHz, 100 baht

   D)  32 bit processor, 500 MHz, 1000 baht

   a) A keyboard device which the users cannot type faster than 1ms and has to store data in the ROM for 128 bytes

   b) A robot controller which has to control stepping motors, and 2 sensors. The code size is 200 kbytes. The interrupt system is used for the sensors. The first sensor will be periodically checked every 200 ms and ISR size is 200 instructions. The second sensor will be periodically checked every 1 ms and ISR size is 1000 instructions. The interrupt masking is used so that they can be no two interrupts at the same time. IPC=1
   c) Image processing task which was previously operating on Core2 processor at 2 GHz ran at 2 ms. You try to port the code on Embedded Systems to reduce the cost, but the overall runtime cannot exceed 100ms. Assuming that IPC of Core2 process is 16 times processor A, 8 times processor B, 8 times processor C, and 4 times processor D.  

3. Optimize dynamic code size for the following ARM code as much as possible. 

MOV R1, 10

MOV R2, 0

MOV R3,1

MOV R4, ADDR

MOV R5, 4

MOV  R6, COND

LDR   R7,[R6]

MOV R8,0

CMP R6,R2

BEQ LP2

LP1
CMP R1, R2

BLT  EXIT

LDR R5, [R4]

ADD R8, R8, R5

ADD R4,R4,R5  

SUB R1,R1,R3

BAL LP1

LP2
CMP R1, R2

BLT  EXIT

LDR R5, [R4]

SUB R8, R8, R5

ADD R4,R4,R5  

SUB R1,R1,R3

BAL LP2

EXIT 

4. Optimizing the following C code for an Embedded System processor

int a[100000]={….}

float b[10]={-0.5,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,-0.5}

int i,j;

int output[1000000];

float sum;

for(i=0;i<100000;i++0){

  output[i] = cal_sum(a,b,i);
}

int cal_sum(int a[],float b[],int i){
  float sum_float
  int j;

  sum_float=0.0;

  for(j=0;j<10;j++){

    if(i-j>0) sum_float += (float)a[i-j]*b[9-j];

  }

  return (int) sum_float;

}

5. Find the specification of your processor including Processor architecture, processor speed (frequency), graphics processor (number of cores) and speed, memory speed, size.

6. An Embedded System has three periodic timer devices

D1:  service time 100 (s, Interrupt frequency 1/1000 (s, interrupt latency (allowable latency 50 (s.

D2:  service time 50 (s, Interrupt frequency 1/500 (s, interrupt latency (allowable latency 50 (s.

D3:  service time 200 (s, Interrupt frequency 1/900 (s, interrupt latency (allowable latency 50 (s.

If program P takes 100 seconds with interrupt disabled, how long will it takes with interrupt enabled, assuming that there is no interrupt overlapped?

7. Choose the best OS for given tasks. Please justify your answers. 
   1)  QNX OS,  1,000 lines of code, no interrupt support, no synchronization support
   2)  VxWorks OS, premptive support, hard real-time support

   3)  Linux 2.6.2, preemptive support, soft real-time support

   4)  Windows CE, preemptive support, soft real-time support, many drivers support
   a) A keyboard device which always monitor key press.

   b) A robot controller which has to control stepping motors, and 2 sensors. The interrupt system is used for the sensors. The robot control is a timing critical task.

   c) Image processing controller which supports different type of cameras.

8.  What’s the advantages/disadvantages comparing between mutex, message passing, and monitoring?

9. An Embedded System has four periodic timer devices

D1:  service time 70 (s, Interrupt frequency 1/800 (s, interrupt latency (allowable latency 50 (s.

D2:  service time 20 (s, Interrupt frequency 1/400 (s, interrupt latency (allowable latency 50 (s.

D3:  service time 100 (s, Interrupt frequency 1/700 (s, interrupt latency (allowable latency 50 (s.

D4:  service time 50 (s, Interrupt frequency 1/1100 (s, interrupt latency (allowable latency 50 (s.

If program P takes 200 seconds with interrupt disabled, how long will it takes with interrupt enabled, assuming that there is no interrupt overlapped (20 points)?

10 What are the advantages/disadvantages between Motorola 68HC11, ARM-7 processor, and Atom processor (10 points).

11 Write an ARM assembly code for integer division for two numbers stored in R1 (dividend), and R2 (divisor). The program will report only quotient output (not remainder).  You cannot use ARM divide instruction. Optimize your code to use as less number of ARM instruction as possible. (20 points)
