CSC 362 Midterm 2 answer key 

1) We want to add 4 data registers to MARIE in place of the AC.  How will this impact the instruction format?  How will this impact the size of registers, data bus, size of memory?  (6 points)
Now we have to specify the register as part of the instruction.  For instance, Load X becomes Load R1, X.  With 4 registers, this requires 2 extra bits, so either our instruction length will become 18 bits or we have to remove 2 bits from the operand (memory location).  If we go with the former, then our instruction register, data bus size and word size expand to 18 bits (every memory location now stores 18 bits instead of 16), or if we go with the latter, we will only be able to address 1K of memory instead of 4K, and we would reduce the size of the PC and MAR to 10 bits.
2) Write a C function which is passed a string (which ends with the ‘\0’ character) and a character, and returns a pointer to the location of the last occurrence of that character in the string, or NULL if the character is not found in the string.  (8 points)

char *last(char *str, char c)

{


char *ptr=NULL;


while(*str!=‘\0’)


{



if(*str==c) ptr=str;



str++;


}


return ptr;



}
3) Assume that we have the following values in the given memory locations:  

Location


Value
1000


1020

1005


1200

1010


1005

1200


1000
Also assume that the base register R1 stores 190 and is always implicitly used for the indexed addressing mode.  What datum is loaded into the accumulator if the instruction is LOAD 1010 for each of the following addressing modes?  (8 points)

a. Immediate



b.     Direct

1010




1005

c. Indirect



d.     Base (Indexed)

1200




1000

4) A computer has a 5 stage fetch-execute cycle where branches are computed in stage 3.  It is running a program of 1,000 instructions.  The program has 10 conditional branches, each of which skip 20 instructions.  Assume tp = 1.  (8 points)

a. How many cycles does it take the unpipelined machine to execute the program if no branches are taken?
5 * 1000 = 5000
b. How many cycles does it take the pipelined machine to execute the program if no branches are taken?
5 + 1000 – 1 = 1004
c. How many cycles does it take the unpipelined machine to execute the program if all branches are taken?
5 * (1000 – 10 * 20) = 4000
d. How many cycles does it take the pipelined machine to execute the program if all branches are taken?
5 + (1000 – 10 * 20) – 1 + 10 * 2 = 824
5) Assume that int x[ ] = {1, 5, 15, 30, 50}; and int *ip = x.  Answer the following questions.  Assume each is independent of the others (that is, the array and y are reset to the above values for each part).  (6 points)

a. What does the instruction printf(“%d”, *ip++); output?
1
b. What does the instruction from part a change, the value of x[0] or the pointer ip, both or neither?
Increments ip, does not affect x[0]
c. Will the instruction ip--; result in a syntax error, a run-time error, a logical error, or none?
None, although it might be a logical error if you have moved to a location that you don’t expect (such as before an array).  It will not in itself cause a run-time error, however if you later do *ip, it may.
6) A computer has an 4Gx32 memory and is word addressable.  Memory is built from 512Mx16 chips.  Answer the following questions:  (8 points)

a. How many chips make up all of memory?

(4Gx32) / (512Mx16) = 8 * 2 = 16 chips
b. How many banks are there?
16 chips / (32 / 16) = 8 banks
c. How many bits are needed to form a complete address?

Log 2 4G = 32 bits
d. Assuming low-order interleaving for memory, which bits from part c are used to denote the bank and which bits are used to denote the address on the chip?  Use terms like “leftmost” and “rightmost”

With 8 banks, the rightmost 3 bits are for the bank select and the leftmost 29 bits are the address on the chip
7)  A function is passed three int values.  The function should adjust the first two values as follows:

If the 1st value > 3rd value, increment the 1st value, else decrement the 1st value

If the 2nd value > 3rd value, increment the 2nd value, else decrement the 2nd value

Aside from changing the two parameter values, the function should return the amount of change (-2, 0, +2).  Write both the function and a function call to this function.  (6 points)


int change(int *p1, int *p2, int p3)

{



int total=0;



if(*p1>p3) {  *p1=*p1+1; total++;}


else { *p1=*p1-1; total--;}



if(*p2>p3) {  *p2=*p2+1; total++;}



else { *p2=*p2-1; total--;}



return total;

}


a=change(&x, &y, z);
8) What are some of the consequences of permitting a RISC architecture to not use a load-store instruction set?  (6 points)
A non load-store architecture permits memory accesses in instructions other than loads and stores.  Therefore, an instruction like add could include one or more memory references.  There are two consequences with respect to this.  First, the execution stage might take more than 1 cycle to complete now because it may involve memory (cache) references.  This would cause a pipeline’s performance to degrade, possibly substantially.  Second, this would most likely impact instruction lengths because we would need to accommodate 1 memory reference or more along with 2 registers.  If the instruction length increased on such instructions, the instruction length would change from fixed to variable and this would impact instruction fetching and thus impact the pipeline.  If we enforced fixed length instructions, we would either have to sacrifice bits in the size of memory addresses, and thus greatly limit addressable memory size, number of registers, or increase the instruction length for all instructions, which would require larger instruction register, larger memory locations and larger data bus.

9) What does an interrupt actually interrupt?  (5 points)

It stops the CPU at the end of a fetch execute cycle from repeating the fetch execute cycle on the next program instruction.  Instead, it allows the OS to gain control of the CPU to switch to another program (the operating system’s interrupt handler).

10) Rewrite the following two sets of C code in MARIE.  You may use either immediate addressing or assume that variables exist that store the value of their name (e.g., ten stores 10).   (7 points each)


a.  scanf(“%d”, &x);



b.  if (x>y)


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




if(x>z)



j=j+x;






x=1;


      }





    
 else if(y!=z) 



      





     

x=0;








     
else y=0;




Input


Store x





Load x



Clear





Subt y



Store i





Skipcond 10

Top:
Load i





Jump done 



Subt x





Load x


Skipcond 00




Subt z


Jump Xout




Skipcond innerelse


Load j





Load #1


Add x





Store x


Store j





Jump done


Load i



innerelse:
Load y

Add #1





Subt z

Store i





Skipcond 01

Jump Top




Jump doclause
Xout:
Load j





Jump done

Output



doclause:
Clear







Store x








Jump done






outerelse:
Clear








Store y






done:

…

11) Convert the following code so that it does the same thing but with a pointer variable in place of the int variable i.  (6 points)

for(i=0;i<n;i++)


a[i]=0;


for(ptr=a;ptr<a+n;ptr++)



*ptr=0;

12) Provide the full RTN for a new MARIE instruction, Inc X.  This instruction will increment the datum stored at memory location X, storing the result back to memory.  (6 points)

MAR ( PC


// fetch
MBR ( M[MAR]

IR ( MBR

PC ( PC + 1

MAR ( IR[11..0]

// decode, operand fetch

Decode IR[15..12]

MBR ( M[MAR]

AC ( MBR + 1

// execute

MBR ( AC

M[MAR] ( MBR

// store result

13) A computer has 91 instructions.  All instructions are of the format:  op code, mode1, operand1, [mode2, operand2].  Instructions can either have 1 operand or 2 operands, each operand has its own mode.  There are 7 addressing modes.  Answer the following questions.  (9 points)

NOTE:  7 bits are used for the op code and 3 bits for each mode
a. One mode permits two registers, one for operand1 and one for operand2.  Assuming that the machine has a fixed 32-bit instruction length, how many registers could this instruction format reference?

32 bits – 7 bits for op code – 3 bits for mode 1 – 3 bits for mode 2 = 19 bits, giving us 9 bits for each register, so we could reference up to 29 = 512 registers.
b. One mode uses base displacement where operand1 is a destination register and operand2 is a combination of a base stored in a register and a displacement provided as an immediate datum (which can be positive or negative).  Assuming a fixed 32-bit instruction length and 32 registers, what is the largest displacement?
32 bits – 7 bits for op code – 3 bits for mode 1 – 3 bits for mode 2 – 5 bits for register 1 – 5 bits for register 2 = 9 bits for the displacement.  Given that the displacement is in 2’s complement, the range of displacements would be -28 .. +28 – 1, or 255 for the largest displacement.
c. One mode permits both operands to be memory addresses.  Assume 4G of words and word addressable memory.  If we permitted a variable length instruction, how long would an instruction be using this mode?
7 bits for the op code + 3 bits for mode 1 + 3 bits for mode 2 + 32 bits for address 1 + 32 bits for address 2 = 77 bits.
14) Answer the following questions regarding the various parts of the system bus. (6 points)
a. Over which part of the bus are program instructions sent?

Data bus
b. Of the three parts of the bus, which part is unidirectional from the CPU out?

Address bus
c. Over which portion of the bus will the CPU receive interrupt requests?
Control bus
