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EXAM 1

| nstructions

This is an open books/notes exam.

It comprises 25 multiple-choice questions, each worth 4 points.

Each question has only one correct answer.

For each question, indicate your answer on the answer sheet provided.

Y ou have 75 minutes to complete the exam.

Please make sure you enter your name in the space below AND on the answer
sheet.

By signing below, you certify that your conduct throughout the exam has been in
accordance with the College of Engineering Honor Code.
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| SAs, alignment, and endian modes [20 points]

1. Consider theinstruction addi r2, r3, n ,wheren isanimmediate. What is
the maximum value n can take?

©Coo T

21

21 _1

215

216

None of the above

2. Assuming a single-cycle memory, how many cycles will the bus transaction
corresponding to theinstruction | hz r2, 3(r4) take?

a
b
C.
d
e

2

. 4

6

. Dependson thevaluein theregister r 4.

Depends on the value stored at the effective address.

3. Which of the following instructions affect(s) general-purpose registers other thanr 3?

Coo T

. Iwzu r3, 4(r4)

. and. r3, r2, r3
. cnpwi r3, 100

IV. bdnzt eq, target

I

| and Il
[l and IV
v

None



4. Which of the following transaction scenarios give(s) rise to incorrect/unpredictable
bus operation?

PCapoTe

. One master, one Slave

[I. One master, several slaves

[1l1. Several masters, one Slave

V. Several masters, several slaves

I

I

| and 111

Il and IV
[, 11, and IV

5. Which of the following statements are always true?

O oo o

|. Big-endian machines can support aligned accesses only with a 32-bit data bus.

I1. Little-endian machines can support aligned accesses even with an 8-bit data
bus.

[11. It ispossible for a big-endian machine to support unaligned accesses.

V. Itispossible for alittle-endian machine to support unaligned accesses.

| and I

[

[l and |11

[l and IV

I, 111, and 1V



Assembly code [28 Points]

Questions 6—9 refer to the following simple program.

.data

.align 2
.equ size, 4
.equ max, 42

stuff: .word 9, 1, 4, 27, 42, 2, 6, 78, 11,
iter: .skip 1
. text
.align 2
_start: lis r2, stuff@
ori r2, r2, stuff@
[ r3, size
li r4, nmax
| oop: lwz r5, 0(r2) # Loop while val ue read
cnp r4, r5 # fromnmenory <= max
blt exit
add r2, r2, r3
b | oop
exit: b exi t

6. In memory, the data section is allocated:

before the text section (i.e., a alower address).
after the text section.
at the same address as the text section.

apop

7. Thefirst two instructions of the program have the effect of:

a. loading the least-significant byte of the array into r2.
b. loading the least-significant word of the array into r2.
c. loadingthe address of thearray into r2.

d. loading the most-significant byte of the array into r2.
e. loading the most-significant word of the array into r2.

Thereisnot enough information given to answer this question.



8. Supposethearray st uf f were changed so that it were declared as follows:
stuff: .byte 9, -1, 4, 27, -42, 2, 6, 78, 11, 28, 19, 22

Indicate which of the following changes are absolutely necessary for the program to work
correctly:

I. Changethefirst. align 2to.align O sothearray elementswill be
byte-aligned.

I1. Changesi ze from4 to 1.

[11. Changel wz to | ba to sign-extend the bytes.

V. Changel wz to| bz and add code to sign-extend the bytes.

V. Changecnp tocnpl so that the program performs a signed comparison.

a l,Il,and IV
b. Il and Il
c. llandIV
d. I, 11, and V
e Il,IV,andV

9. Suppose that the compare instruction were changed to read as follows:
cnp 4, r4, r5

Indicate which of the following branch instructions could replace the existing bl t
instruction and allow the program to function correctly:

. bc 12, 4, exit
[I. bc 12, 16, exit
[Il. bc 4, 4, exit
IV. bc 4, 17, exit

I

[

[
[lorlV
v

OO0 T



In Questions 10—12, you will be given the specification of an action and a number of
code snippets that presumably perform that action. Indicate which of the code sequences
will always perform as specified.

10. Load the immediate value Ox DEADBEEF intor 4.

[ addis r4, r4, OxDEADBEEF@
ori r4, r4, OxDEADBEEF@

II. lis r4, OxDEADBEEF@
ori r4, r4, OxDEADBEEF@

. lis r4, OxDEADBEEF@
addi r4, r4, OxDEADBEEF@

a l
b. 11

c. landll

d. [l

e. All of the above
11. Branchtol abel if bit27ofr 4 is1.

[ andi. r5, r4, 1 << (31 - 27)

bne | abel
. 1i r5, 0x10
and re, r4, rb5
cnpi r6, 1
beq | abel
. rilwinm r6, r4, 28, 31, 31
cnpi re, 1
beq | abel

V. andi. r5, r4, 0x10
cnpi 2, r5 0
bc 4. 10, | abel

a landlll

b. Il and Il

c. lland 1V

d I, 1l,and Il
e I, ll,and IV



12. Load an unsigned half-word into r 3 from the addressinr 4, increment it by 1, and
store it back to its original address.

.  |ha r3, 0(r4)
addi r3, r3, 1
sth r3, 0(r4)

1. 1hz r3, 0(r4)
addi r3, r3, 1
sth r3, 0(r4)

[Il. Thax r3, r4, r0
addi r3, r3, 1
sthx r3, r4, r0

IV. Thzx r3, r4, r0
addi r3, r3, 1
sthx r3, r4, r0

a l
b. I
c. land Il
d. Iland IV

e. All of the above



Bus transactions [24 points]

13.

14.

15.

16.

What bus signals does the processor drive/assert during a bus read?

Address bus, TSIZE[0:1], read/write* (logic low), TS*

Address bus, TSIZE[0:1], read/write* (logic high), TS*
Address bus, data bus, read/write* (logic high), TS*

Address bus, TSIZE[0:1], data bus, read/write* (logic high), TS*
None of the above

OO0 T

What bus signals does a peripheral drive/assert during a bus write?

TA*

TA*, read/write* (logic low),

TA*, read/write* (logic low), data bus
read/write* (logic low), data bus
None of the above

Coo T

When is the data latched by the peripheral during awrite cycle?

TS* and the rising edge of the bus clock
TA* and the falling edge of the bus clock
TA* and therising edge of the bus clock
TA*

None of the above

Poo o

What signals are valid when TS* is low on both aread and a write transaction?

Address bus, TSIZE[0: 1]
Address bus, data bus, TSIZE[0:1]
Address bus, data bus

Address bus, TA*

None of the above

©Coo T



17. What signals would you combine logically to enable an I/O device tri-state buffer?
Assume aword read.

Address decode, TA*

Address decode, TA*, TSIZE[0:1]
Address decode, TA*, read/write*
Address decode, TS*, read/write*

None of the above

PaooTw

18. A read/writeregister islocated at 0x0200 0040. Y ou decode address lines A6, A7,
A24, A25. Asin lab, locations AO—AS are not on the bus. How many shadow locations
arethere?

Pop oW
N
N
~

None of the above



Memory Interfacing [28 points]

For Questions 19—21, assume you are using an MPC823 hooked up to the memory
hardware you designed in Lab 4. The memory will function as in the macrosin the lab
assignment. These macros are given in Figures 1 and 2 below.

128 Byte Macro

|

i : :31] !

Din[24:31] YT — Dout[24:31] :

A[0:4] @ buffer (BUFES)

i

X |

wr_byte3 o 1

enable = !

i

logic 1

|

i : 16:2 |

Din[16:23] Py — Dout[16:23] :

i

[ buffer (BUFES8) !

N r— |

< i

wr_byte2 @ i

enable E |

i

logic 1

|

Din[8:1! Dout[8:15; |

in[8:15] 8 bit tri state { ! i

§ o | buffer (BUFES)

|

i

wr_bytel : |

enable = 1

logic 1

|

info: Dout[0:7] !

Din0:31] onio) 8 bit tri state

In[0: w

S o | buffer BUFES) Dout[0:31]

= | |

wr_byteO ® 1

enable = :

! logic |

Module Enable! enable |

Mem_Read ! logic
1

Figure 1: 128-byte macro



MEM_READ

256 Byte Memory

Al2:2]

Al0-4]

Din[0:31]

Enable

wr_byte0-3 128 byte macro

Dout[0:31]

Al2:7]

Al0-4]

Enable

128 byte macro

Al6:31]

TSI120
TSI1Z1

MEM_WRITE size control logic

wr_byte0-3

Figure 2: 256-

byte macro.

19. Assume the following facts about the current state of the memory and registers.

Register

Contents

r3
r4

0x3000004
OxDEAD

Memory location Contents

0x300000 0x12345678
0x300004 0x0059FF00
0x300008 OXxO0OADBEEF

If you performtheinstruction sth r4, 3 (r3) , which of the following will
appear on the Logic Analyzer for the instruction?

Transaction 1
Address Data TSIZE
a  0x300007 OxOO00ODEAD 10
b. 0x300007 OxADOOOODE 10
c. 0x300007 0Ox0000000DE 01
d. 0x300007 OxDEDEQOODE 01
e. 0x300007 Ox0059FFDE 01

Transaction 2

Address Data TSIZE

No Second Transaction
No Second Transaction
0x300008 O0xADO000000 01
0x300008 OxADO00000 01
0x300008 OxADADBEEF 01



20. Assuming the next instructionis |1 hz r4, 3(r3) andthe memory has changed
to reflect the st h command from Question 19, what will appear on the Logic Analyzer?

Cop T

Transaction 1
Address Data
0x300007 OxO000DEAD
0x300007 O0xADOOOODE
0x300007 0x0000000DE
0x300007 OxDEDEOODE
0x300007 Ox0059FFDE

TSIZE

10
10
01
01
01

21. Consider the following statements.

Which of these statements are always true?

CapoTe

Transaction 2

Address Data TSIZE

No Second Transaction
No Second Transaction
0x300008 O0xADO00000 01
0x300008 O0xADO000000 01
0x300008 OxADADBEEF 01

|. The worg-case unaligned access will take 3 transactions.
I1. Half words are only unaligned if they contain bytes in different words (they
cross aword boundary).

[11. Byte accesses are always aligned.

V. Unaligned word accesses can always be broken into aligned half-word

aCCesses.

[, 11, and IV
I, 11, and IV

Il and [
l and 111
Il and IV



For Questions 22—25, assume your are gill using a hardware design like the one in
Figures 1 and 2, but now with a new processor that is exactly like the MPC823 except for
one modification: We have added the ability for triple-byte transactions. To do this, we
modified the functionality of TSIZE. The new tables are given below:

Read Cycle Data Bus Table
Size TSIZE[0:1] | A30| A3l | DO-D7 | D8-D15 | D16-D23 | D24-D31

0 1 0 0 OPO - - -

0 1 0 1 - OP1 - -
Byte 0 1 1 0 - - OP2 -

0 1 1 1 - - - OP3
Half- 1 0 0 0 OPO OP1 - -
Word 1 0 1 0 - - OP2 OP3
Triple- 1 1 0 0 OPO OP1 OP2 -
Byte 1 1 0 1 - OP1 OP2 OP3
Word 0 0 0 0 OPO OP1 OP2 OP3
Write Cycle Data Bus Table
Size TSIZE[0:1] | A30| A31 | DO-D7 | D8-D15 | D16-D23 | D24-D31

0 1 0 0 OPO - - -

0 1 0 1 OP1 OP1 - -
Byte 0 1 1 0 OP2 - OP2 -

0 1 1 1 OP3 OP3 - OP3
Half- 1 0 0 0 OPO OP1 - -
Word 1 0 1 0 OP2 OP3 OP2 OP3
Triple- 1 1 0 0 OPO OP1 OP2 -
Byte 1 1 0 1 - OP1 OP2 OP3
Word 0 0 0 0 OPO OP1 OP2 OP3

22. What is the worst-case number of transactions for aword access?

one of the above



23. What is the worst-case number of transactions for a half-word access?

PO oT®
ZHhWN R

one of the above

24. How many unaligned word accesses do not use this new triple-byte feature?

ZWN R O

a
b.
C.
d
e. None of the above

25. Referring to this new processor, which parts of your hardware would you have to
modify in order to support the triple-byte feature? Assume your hardware was that given
in Figures1 and 2.

Only the write decode hardware.

Only the read decode hardware.

Both the write and read control hardware.
Nothing needs to be changed.

Qoo



