0706.205.01– Computer Organization

Exam #1

Name: ANSWER KEY
Section: 
On my honor I affirm that I have no prior knowledge of the contents of this exam.

Signature:

Code-word:

You have sixty (60) minutes to complete this exam.  Read it all through before you begin.   Do not spend too much time on any question.

Part I – Binary and Hexadecimal Numerics [10 points]

1. Complete the empty slots in the following table.  Use the rest of the page for scratch work.

	Binary (base 2)
	Decimal (base 10)
	Hexadecimal (base 16)

	1111 0110
	246
	0xF6

	0110 1100
	108
	0x6C

	0111 1110
	126
	0x7E

	0100 0000 0001
	1025
	0x401


Part II – Performance Calculus [25 points]
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2. Suppose we have two implementations (M1 and M2) of the same instruction set architecture. Machine 1 has a clock rate of 500MHz and takes an average of 2.0 clock cycles per instruction (CPI) for a program. Machine 2 has a clock rate of 400MHz and a CPI of 1.2 for a program. 

a. Which machine is faster for this program, and by how much? [5 points]
Using I to represent the number of instructions in the program:

Execution TimeM1 = I x 2.0 x 1/(500x106) = I/(250 x 106) = 4I x 10-9 seconds
Execution TimeM2 = I x 1.2 x 1/(400x106) = 0.3I/(100x106) = 3I x 10-9 seconds

Since both M1 and M2 are running the same instructions (same program, same instruction set), we can use I in both equations.  Comparing the execution times for M1 and M2, I divides out, and we see that the Execution TimeM1 / Execution TimeM2 = 4/3.  From this we can conclude that the program runs 33% slower on M1.

b. If a test program executes in 10 million instructions (on both machines), how long will it take to run the program on Machine 1?  Machine 2? [10 points]

Same formulas from (a), but now we know I = 107 :

Execution TimeM1 = I x 2.0 x 1/(500x106) = 107/(250 x 106) = 1/25 = 0.04 seconds
Execution TimeM2 = I x 1.2 x 1/(400x106) = 0.3x107/(100x106) = 3/100 = 0.03 seconds

c. Suppose that instructions implemented on M1 fall into two performance classes, the first (Class A) takes one clock cycle to execute, while the second (Class B) takes 5 clock cycles to execute.  How many Class B instructions are executed when our test program is run? [10 points]

Let A be the number of Class A instructions, and B the number of Class B instructions.  So,
A + B = 107

The execution time for M1 (calculated in clock cycles) is:  (1A + 5B)(clock cycle time)

The CPI for the entire program is 2.0.  That means that, on average, every instruction executed takes 2 clock cycles to run.  In terms of CPI, the total execution time is therefore:
CPI x (clock cycle time) (number of instructions) = 2.0 I (clock cycle time) 
Thus, A + 5B = 2.0I = 2 x 107
(A + 5B) – (A + B) = 4B = (2 x 107) - 107 = 1 x 107

Therefore, 4B = 1 x 107
And B = 2.5 x 106 = 2,5 million instructions.



Part III – MIPS Pseudoinstructions [30 points]

3. The MIPS instruction set was designed for simplicity.  A minimal set of instructions is directly supported in the hardware.  But to simplify programming, some MIPS assemblers support pseudoinstructions.  Pseudoinstructions are assembly language instructions not directly implemented at the machine code level.  Instead the assembler translates them into a series of instructions from the MIPS instruction set at assembly time.  (It is also at assembly time that the symbolic address labels are converted.)

So, for example, imagine the blt (branch-if-less-than) pseudoinstruction.  It can be simulated with an slt/bne instruction pair.  So, for example:


blt $t0, $t1, L1

      assembles to:

slt $at, $t0, $t1
bne $at, $zero, L1
Note the use of a new named register $at.  This is real MIPS register, dedicated for use by decoded pseudoinstructions.   Its availability broadens the variety of pseudoinstructions that can be efficiently defined.

For this question, provide efficient (i.e. as short as possible) translations for the following standard MIPS pseudoinstructions.  Restrict yourself to using those instructions listed in the Appendix.


a. sge  rdest, rsrc1, rsrc2
Set register rdest to 1 if register rsrc1 is greater than or equal to rsrc2, and to 0 otherwise.


b. bnez rsrc, label 
Conditionally branch to instruction at label if resister rsrc is not equal to 0.


c. ble  rsrc1, rsrc2, label
Conditionally branch to instruction at label if resister rsrc1 is less than or equal to rsrc2.

d. move rdest, rsrc
Move value of register rsrc to rdest.

e. abs  rdest, rsrc
Put the absolute value of register rsrc in register rdest.



Write your answers on the next page.

Here are some acceptable expansions for the pseudoinstructions.  There are, of course, many other suitable answers.  Points were taken off if a superfluous jump was used.

a. sge  rdest, rsrc1, rsrc2

slt
rdest, rsrc2, rsrc1



b. bnez rsrc, label


bne
rsrc, $zero, label



c. ble  rsrc1, rsrc2, label

beq
rsrc1, rsrc2, label
slt
$at,   rsrc1, rsrc2
bne
$at,   $zero, label


d. move rdest, rsrc

add
rdest, rsrc, $zero


e. abs  rdest, rsrc

add
rdest, $zero, rsrc
slt
$at,   $zero, rsrc
beq
$at,   L1
sub
rdest, $zero, rsrc
L1:
Part IV – Procedures in MIPS [35 points]

4. Read the following procedure in MIPS assembly language and answer these questions:

a. What does this function do? 
Converts all lower-case letters in string (addressed by $a0) to upper-case
b. If called with argument “Hello” ($a0 referring to the place in memory where the string begins), what is the result (memory, $a0 and $v0)?
Memory: “HELLO” 
$v0 = 5 (number of characters before the NULL)
$a0 actually points to the NULL at the end of the string (functions are not required to preserve the value of $a0)
c. How many instructions are executed?
START + LOOP(for characters) + DOIT(for lower-case chars) + DOIT(for other chars) + LOOP(for NULL) + jr
1 + 5x16 + 4x7 + 1x4 + 2 + 1 = 116
d. What is the maximum depth of the stack during the functions execution?
3 words (The stack frame is created before the call to DOIT, and removed afterwords)
START:  

        add     $v0, $zero, $zero       

LOOP:   lb      $t0, 0($a0)

        beq     $t0, $zero, DONE

        addi    $sp, $sp, -12

        sw      $a0, 0($sp)

        sw      $ra, 4($sp)

        sw      $v0, 8($sp)

        add     $a0, $t0, $zero

        jal     DOIT

        lw      $a0, 0($sp)

        lw      $ra, 4($sp)

        sb      $v0, 0($a0)

        lw      $v0, 8($sp)

        addi    $a0, $a0, 1

        addi    $v0, $v0, 1

        addi    $sp, $sp, 12

        j       LOOP

DONE:   jr      $ra

DOIT:   add     $v0, $a0, $zero

        slti    $t2, $t0, 97

        bne     $t2, $zero, SKIP

        slti    $t2, $t0, 123

        beq     $t2, $zero, SKIP

        addi    $v0, $v0, -32

SKIP:   jr      $ra
Appendix – MIPS Instruction Set Highlights

	Category
	Instruction
	Example
	Meaning

	Arithmetic
	add
	add  rd, rs, rt
	rd = rs + rt

	
	add immediate
	addi rd, rs, imm
	rd = rs + imm (immediate value)

	
	subtract
	sub  rd, rs, rt
	rd = rs – rt

	Data Transfer
	load word
	lw   rt, imm(rs)
	rt = Memory[rs + imm] (word)

	
	store word
	sw   rt, imm(rs)
	Memory[rs + imm] = rt (word)

	
	load byte
	lb   rt, imm(rs)
	rt = Memory[rs + imm] (byte)

	
	store byte
	sb   rt, imm(rs)
	Memory[rs + imm] = rt (byte)

	Conditional Branch
	branch on equal
	beq  rs, rt, label
	Conditionally branch to label if register rs equals rt

	
	branch on not equal
	bne  rs, rt, label
	Conditionally branch to label if register rs does not equal rt

	
	set on less than
	slt  rd, rs, rt
	Set register rd to 1 if register rs is less than register rt, 0 otherwise

	
	… immediate
	slti rd, rs, imm
	Set register rd to 1 if register rs is less than immediate value imm, 0 otherwise

	Unconditional Jump
	jump
	j    target
	Unconditionally jump to instruction at target

	
	jump and link
	jal  target
	Unconditionally jump to instruction at target; save address of next instruction in register rs

	
	jump register
	jr   rs
	Unconditionally jump to the instruction whose address is in register rs
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