EGRE 426

Digital Systems

Final

Open Book/ Open Notes

12/8/09
NAME: __SOLUTIONS__

1. What is the least time it will take to sum 100,000 numbers using a SIMD machine with 100 processors? Assume all data is available as needed, and each type of operation requires one unit of time.

ANS: Sum (in parallel) 1000 numbers on each processor. This requires 999 units of time. Then fan in the 100 partial sums in each processor. This requires 
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2. A certain non-pipelined computer with a clock rate of 500 MHz has three types of instructions. The clocks per instruction (CPI) for the three types and the typical frequency of execution of the instructions are shown below. 

	Instruction Type
	CPI for the type
	Typical frequency in program 

	A
	2
	50%

	B
	3
	30%

	C
	4
	20%


a) How many nanoseconds does it take to execute the fastest instruction? 

ANS: 2/500*10^6 = 4 nsec.
b) How many nanoseconds does it take to execute the slowest instruction? 

ANS 4/500*106 = 8 nsec.
c) What is the peak or best-case MIPS for this machine?

ANS 500/2 = 250 MIPS.
d) What is the actual MIPS for this machine assuming the typical instruction frequency mix?
ANS:
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For this problem refer to FIGURE 5.33.

3. The two instruction sequence shown below is run on a defective version of the MIPS processor.

	add
	$s1,$0,$0

	addi
	$s1,$s1,0


a). Suppose, that due to the defect, the RegDst control line of the control unit is always "0". (See Figure 5.33 on the next page.) 

Fill in the table below to show the instructions that appear to be executed when the RegDest line is stuck at “0”.

	add
	$0_, $0 ,$0 

	addi
	$s1 , $s1,_0_


 The stuck at 0 will cause the written register to always be specified by IR.rt. For the first instruction this is $0. For the second it is $s1. Therefore, the original value in $s1 is not changed
b). After shaking the processor vigorously, instead of being stuck at "0", the RegDst control line now becomes stuck at "1". Fill in the table below to show the instructions that appear to be executed when the RegDest line is struck at “1”.

	add
	$s1_, $0 ,$0  

	addi
	$$0_, $s1, _0_


The stuck at 1 will cause the written register to always be specified by IR.rd. For the first instruction, this is $s1. For the second, it is $0. Therefore, the original value in $s1 is changed to0.
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4. a). The instruction “lw   $t1,3($s1)” executes without causing an exception. Circle all possible values for the two least significant bits of $s1?

Words must be a word boundary; therefore, the two least significant bits of the address must be 00.
i). “00”

ii). “01”
iii). “10”
iv). “11”

b). The instruction “lh   $t1,3($s1)” executes without causing an exception. Circle all possible values for the two least significant bits of $s1? Note: lh is load half word.


i). “00”

ii). “01”
iii). “10”
iv). “11”

The least significant bit of a half word address must be 0.
5. A RAID system capable of storing approximately ten terabytes of data is to be built using multiple disk drives. Each disk drive is capable of storing one terabyte of data.

a). If the system is implemented using RAID 0, how many disk drives will be required?

ANS: 10 all data no redundancy.
b). If the system is implemented using RAID 5, how many disk drives will be required?

ANS: 11 data and one parity.
c). If the system is implemented using RAID 6, how many disk drives will be required?

ANS: 12 data and two parity.
6. Consider the two-instruction program fragment shown below.

	here:
	j
	there

	there:
	j
	here


Suppose the address of the instruction at here is 0x00400010, and recall that the six bit opcode for the jump is 0000102
a). What is the address of the instruction at “there:” in hexadecimal?

0x00400014
b). What is the content, in hexadecimal, of the memory word with the “here:” address?

0x08100005
c). What is the content, in hexadecimal, of the memory word with the “here:” address?

0x08100004
For the next two problems assume the program shown below is being executed on the pipelined MIPS processor, and all possible forwarding techniques are being used.
lui  $4, 0x1001 

addi $2, $0, 10

addi $3, $0, 1   

add  $6, $3, $2

addi $2, $2, -1  

sw   $3, 40($4)  

lw   $5, 40($4)

addi $3, $5, 1

7. Fill in the blanks to show which registers are loaded into register A and register B when the instruction exits the ID stage. Circle the register if it contains the wrong value.
a).
lui  $4, 0x1001 
A ( _$4_
B ( _$0_

b).
addi $3, $0, 1  

A ( _$0_
B ( _$3_


c).
add  $6, $3, $2

A ( _$3_
B ( _$2_

d).
addi $2, $2, -1  
A ( _$2_
B ( _$2_

e).
sw   $3, 40($4)
A ( _$4_
B ( _$3_

f).
lw   $5, 40($4)

A ( _$4_
B ( _$5_


g).
addi $3, $5, 1

A ( _$5_
B ( _$3_

8. Draw lines to match each instruction with the value loaded into ALUM when the instruction exits the EX stage.

a).
lui  $4, 0x1001 


ALUM ( A + B

b).
addi $3, $0, 1  



ALUM ( A + (IRX.n

c).
add  $6, $3, $2



ALUM ( ALUM + +(IRX.n
d).
addi $2, $2, -1  


ALUM ( ALUW + +(IRX.n
e).
sw   $3, 40($4)


ALUM ( A + (IRX.n||016
f).
lw   $5, 40($4)



ALUM ( ALUM + ALUW

g).
addi $3, $5, 1



None of the above.

lui  $4, 0x1001 

addi $2, $0, 10

addi $3, $0, 1   

add  $6, $3, $2

addi $2, $2, -1  

sw   $3, 40($4)  

lw   $5, 40($4)

addi $3, $5, 1 

	
	IF
	ID
	EX
	DM
	WB

	lui  $4, 0x1001
	IR ( IM(PC)

PC ( PC+4



	
	
	
	

	addi $2, $0, 10
	IR ( IM(PC)

PC ( PC+4
	PCX ( PC

A ($4, B ( $0
IRX ( IR
	
	
	

	addi $3, $0, 1   
	IR ( IM(PC)

PC ( PC+4
	PCX ( PC

A ( $0, B ( $2
IRX ( IR
	ALUM((IRX.n||016
IRM ( IRX


	
	

	add  $6, $3, $2
	IR ( IM(PC)

PC ( PC+4
	PCX ( PC

A ( $0, B ( $3
IRX ( IR
	ALUM (
A+(IRX.n

IRM ( IRX


	ALUW( ALUM

IRW ( IRM


	

	addi $2, $2, -1
	IR ( IM(PC)

PC ( PC+4
	PCX ( PC

A ( $3, B ( $2
IRX ( IR
	ALUM(A+(IRX.n

IRM ( IRX
	ALUW ( ALUM

IRW ( IRM
	$4 ( ALUW



	sw   $3, 40($4)
	IR ( IM(PC)

PC ( PC+4
	PCX ( PC

A ( $2, B ( $2

IRX ( IR
	ALUM(ALUM
+ ALUW
IRM ( IRX
	ALUW ( ALUM

IRW ( IRM
	$2 ( ALUW

	lw   $5, 40($4)
	IR ( IM(PC)

PC ( PC+4
	PCX ( PC

A ( $4, B ( $3

IRX ( IR
	ALUM( A+(IRX.n 

IRM ( IRX
	ALUW ( M(ALUM)

IRW ( IRM
	$3 ( ALUW

	addi $3, $5, 1
	IR ( IM(PC)

PC ( PC+4
	PCX ( PC

A ( $4, B ( $5

IRX ( IR
	ALUM ( A + (IRX.n

SMDR ( B

IRM ( IRX
	M(ALUM) (SMDR

IRW ( IRM
	$6 ( ALUW

	
	
	PCX ( PC

A ( $5, B ( $3
IRX ( IR
	ALUM ( A + (IRX.n

IRM ( IRX
	M(ALUM) (SMDR

IRW ( IRM
	$2 ( ALUW

	
	
	
	STALL
	ALUM( M(ALUM) 

IRW ( IRM
	__

	
	
	
	ALUM(ALUW

+(IRX.n

IRM ( IRX
	BUBBLE
	$5 ( ALUW

	
	
	
	
	ALUW(ALUM

IRW ( IRM
	BUBBLE

	
	
	
	
	
	$3 ( ALUW


 9. A MIPS write back data cache is capable of storing 217 bytes of data. Each line of cache contains four words of data.

(a). Assuming the cache is direct mapped, how many bits are used for the index.

Answer: The number of bytes in a line = 4 bytes/word X 4 words/line = 24.

The total number of lines = 217/24 = 213. Therefore, 13 index bits are required.
(b). How many bits must be stored at each location in the cache memory. Hint: This should include not only the data bits but also all other bits at that location.

Answer: Each address must contain the tag bits, a valid bit, a dirty bit, and the data. The number of tag bits = 32 – (number of index bits + number of offset bits) = 32 – (13 + 4) = 15 bits.

Total = data + tag + others = 16 X 8 + 15 + 2 = 145
 (c). What is the total number of bits that must be in the cache. Hint: This should include not only the data bits but also all other bits 

Answer: 213 lines X (16 X 8 + 15 + 2) = 145 X 213
10. A message passing hypercube network is used to connect 1000 processor together.

(a). What is the minimum dimension of the hypercube?

Answer 10
(b). How many processors could be added before increasing the dimension of the hypercube network? 

Answer 210 – 1000 = 24
Figure 5.38
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