name check here for emailed grades U

ICS 331 Final Exam Solution

Open book, open notes, closed computer/electronics

. Caches and Virtual Memory (3 pts)

With 64-bit addresses (bits numbered from O for the LSB to 63 for the MSB), 32-bit words, block
size of 8 words, a 4-way set-associative 78kB cache (approximate size):

a.

Which bits of an address are used to index within a block?

bits O to 2 (3 bits)

3 bits are needed to index 8 words

Which bits of an address give the slot index of a subcache?

bits 3 to 11 (9 bits)

78kB/4/(64+8%32)=499.2, so nearest factor of 2 is 512, which means 9 bits are needed
Which bits of an address are used for the tag?

bits 12 to 63 (52 bits)

If the cache has a dirty bit, a valid bit and two bits used for LRU, how many total bits are
actually required for the cache?

52 bits tag + 8*32 bits data + 1 bit dirty + 1 bit valid + 2 bits LRU = 312 bits/entry

312 bits/entry * 512 entries/subcache * 4 subcaches = 638976 bits = 78kB

If the virtual memory page size is 8k (32-bit) words, which bits of the (64-bit) address are
used to index within a page?

bits O to 12 (13 bits)

13 bits are needed to index 8k words

In a TLB, how many bits are needed for each entry including the virtual page number,
physical page number and a valid bit, assuming no limits on real physical memory size?
64—13=51 bits for the page number, so 51+51+1=103 bits/entry



2. Error Detection and Correction (3 pts)

a.

What is the minimum Hamming distance of the following set of code words?
0110011100011101

1110011010011110 4 (first and last code words differ by only 4 bits)
1100101100011011

0010010101001101

Theoretically how many single-bit errors can be detected in the above code?
3

Theoretically how many single-bit errors can be corrected in the above code?
1

What is the Hamming code (data and parity bits) for data 10010010 with even parity?
code: 100100010000

bits: 1211109876 543 2 1

Given the Hamming code 011001110011 with even parity, which bit, if any is in error and
what are the correct decoded data bits?

parity bits 2 and 4 are wrong, so bit 6 is in error and the correct decoded data bits are:
01101010

Using the binary pattern, 1011, compute the CRC for information byte 101110010111001.

1011)101110010111001000

1011
00001001
1011
001001
1011
001011
1011
0000001000
1011
0011
so CRCis 011



3. Assembly Language Programming (4 pts)
In Sun Sparc assembly language, write a recursive subprogram to compute m" (your subprogram
will find m in %10 and n in %il and should return its result in %i0). Do not worry about error
checking (assume m and n are non-negative integers). The Sparc umul instruction multiplies

numbers (its arguments are just like add’s arguments).
power:
save %sp, -96, %sp
cmp %il, O
bne recurse
nop
set 1, %00
ba done
nop
recurse:
mov %$i0, %00
mov %il, %ol

dec %ol

call power

nop

umul %00, %i0, %i0
done:

ret

restore



4. Circuit Design (4 pts)
Consider the following control circuit which contains a 3-bit register and a black box with some
combinational logic.

Vb |

CLOCK [ D, D, D, black box of
Q | Q| Q& combinational logic

| A ? T

The initial state of the circuit is Q,Q,Q; =000. The circuit generates the (Q,Q,Q;) control
sequence (001) — (101) — (010) — (010) — ... —(010) on successive clock cycles. Show the
truth tables, Karnaugh Maps and minimum sum of products equations for D,, D,, and D; in terms

Of Ql’ QZ’ and QB‘

Q1 Q2 Q3 D1 D2 D3
0 0 0 0 0 1
0 0 1 1 0 1
0 1 0 0 1 0
0 1 1 X X X
1 0 0 X X X
1 0 1 0 1 0
1 1 0 X X X
1 1 1 X X X

D1 Q1Q2

00 | 01 | 11 | 10
Q3 O 0 0 X X

D2 Q1Q2

Q3 O 0 1 X X

D3 Q1Q2
00 | O1 | 11 | 10
Q3 O 1 0 X X

1 Ll X X 0

So DI =Q1Q3,D2=Ql +Q2, and D3 = Q1 Q2



5. Number Representation (3 pts)
A computer represents floaing-point numbers in the following representation with the Exponent
biased excess-256 (i.e., area exponent of O isrepresented as 256, areal exponentof 1is
represented as 259and area exponent of -1 is represented as 258):

S Mantissa Exponent
1514 98 0
a) Wha istherepresentation of ! 0.3 (! 3E! 1)?

[1[ofof1]1fofofofafs]afs]a]1]1]o0]

b) What istherelative error of therepresentation of ! 0.3 (! 3E! 1)? Note relative error isthe
error divided by the actud nunber, which is a percentage
.003125/3 =.0104=1.04%

¢) In a16-bit word, what is the two@ complement representation of -9?
MSB LSB

[afalafafafafafafafafafa]ofafa]a]

6. Microcode (3 pts)
Given the following horizontal microcode, design the microcode for this instruction:
UMUL RO, [R1+R2], [R3+2] ! multiple RO and [R1+R2], store in [R3+2]
[R3+2] is indirect addressing, meaning use register R3=0011 as a memory address, add 2 to it
and use the contents of that memory location. All operations take one clock cycle except
multiply, which takes 2. Registers R8-R15 in the Register File are for temporary storage (you
don’t have to worry about overwriting any user data when using them).

Register
File (RF)

ALU
v

ACC Main memory (M)




ALU

000
001
010
011
100
101

No operation

Add

Initiate Multiply (takes 2 clock cycles)

Left shift ACC

Right shift ACC

Increment ACC

110 Decrement ACC

111 Continue previous operation (only for multiply)

ACC<RF

00xxxx No operation

0Ixxxx Move register xxxx to ACC
10xxxx Move ACC to register Xxxxx
11xxxx Move constant xxxx to ACC

RF—ALU

Oxxxx No operation
Ixxxx Connect register xxxx to ALU

RF<AGU

00xxxx No operation

0Ixxxx Move register xxxx to AGU’s address
10xxxx Move register xxxx to AGU’s data
11xxxx Move AGU’s data to register Xxxx

AGU

00 No operation

01 Store to main memory

10 Retrieve from main memory
11 No operation

Your microcode translation:

R1—=ACC
R1+R2—ACC
ACC—RS8
R8—AGUa
read
AGU—R9;R0
—ACC
[R1+R2]*R2
—ACC
ACC—R10
R10—AGUd;
2—ACC
R3+2—ACC
ACC—R12
R12—AGUa
store

ALU ACC<RF RF—ALU RF<AGU AGU
0101010110700 ]1]0]0[0]010J0]0]0]0]0]0]0 |0
0101107010700 ]0)1]0[0O]T10J0]0]0]0]0]0]0 |0
010(011]011]010(0JO0{O0(0O]O0O10JO0[0O]O]JO]JO0]0]0 |0
0107010701070 10]010]0[0]010JO|1]1]0]0]0]0 1|0
0107010701070 10]010]0[0]010J0]0]JO]0O]JO0]0O]1 |0
010101071 /0]0(0]00{0(O0O]O(O)T |1 ]T]0]O]1])0 |0
011701070 10(010(O0)1L{T{O]O|1]JOJO]JO]JO]O]0O]0 |0
111]110]0]0]010]01 |1 JO]O]1J0](0]0]0]0]01010
010(011]011]O011{0J0{O0(0O[O0O10JO0]0O]O]O]0O]0]0 |0
010(01171/0]0417010(0(0{O0(0O)1T(0O]1]0]1]0])0 1|0
010711070 10]010(0)1{O(O[T|1]JOJO]JOJO]JO]0]0 |0
0101010111 ]110]0]0]0[0]0J0J0]0]0]0]0]0]0 |0
0107010701070 10]010]0[0]0O10JO |1 ]1T]1]0]0]01]0
010701070 1070100100 (0O{O0O|10JO0[0O]O[0O]JO]0O]J0 |1




