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SOLUTIONS

Name:

Problem 1 (25 points):

Problem 2 (10 points):

Problem 3 (20 points):

Problem 4 (20 points):

Problem 5 (25 points):

Total (100 points):

Note: Please be sure that your answers to all questions (and all supporting work that is required) are contained in the
space provided.

Note: Please be sure your name is recorded on each sheet of the exam.

GOOD LUCK!



Part a (5 points): A 1GB physical memory system is byte addressable. It has a 64-bit bus to the processor. It is
16-way interleaved. The memory is made out of 8MB chips, each with 8 data pins. Identify which bits in the address

are row address bits, chip address bits, byte of bus bits and interleave bits.
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Part b (5 points): If we add ECC protection to the LC-3b, then each 16 bit word would require another 5 bits to be
able to correct a one bit error. Suppose we did, and we got back the following 21 bit pattern
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Part ¢ (5 points): The atomic unit of processing is:

mstryction




Part d (5 points): Some of the following are part of the ISA, the rest are part of the microarchitecture. Put a check

mark next to each that is part of the ISA.
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condition codes: \/
memory ready bit (R):
W
trap vector: \

Part e (5 points): The xyz machine, which is bigendian, executes LD32 R1,A. Relevant memory locations before the
i n s as shown below:

A: 11110000

A+1: 11111111

A+2: 10101010

A+3: 00000000

After execution, R1 contains:
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Problem 3 (20 po

An x86 assembly language programmer complained that the LC-3b did not have what to her was the most valuable
addressing mode which is available in the x86 ISA. Recall that the x86 instruction is variable length. One of the
opuonal bytes in that instruction is caiied SIB (for Scale/Index/Base). It allows one to construct an address by scaling
(muluplymg) the contents of one register (the Index) and adding the result to the contents of another register (the

Base). That is, Address = Base + Scale*Index.

NO PROBLEM, we say. W will use an unused opcode to provide the same capability with the LC-3b ISA. We will

call the new opcode SIBz,

RaseR, Scale, IndexR

which will load DR with the address computed by multiplying the IndexR register by 9Scale and adding the result to
D ea

the conients of ihe BaseR register.

We thus get the same effect as the x86 SIB byte, only it takes two LC-3b instructions. That is,

LA

SIB R5,R3,#3,R2

LDW R1,R5,#0

will load R1 with the contents of memory whose address is obtained by adding R3 to the product of R2 and 23.

AU

The next page shows the data sheet for the SIB instruction in the style of Appendix A

Part a (5 points): We can implement the SIB instruction with either one extra state or two extra s
diagram of the LC-3b. Which is bettzr? Why?
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Part b (15 points): Your job here is 1o implement the SIB instruction with two extra states (state 10, and state 26).

Using the notation of the LC-3b State Diagram, describe what happens in these states inside their corresponding bub-
bles. Show all output arc(s) to indicate the next state after state 10 and state 26.
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Using the data path diagram labeled “SIB with two extra states” on the next page, add any additional structures d

any controi signals needed © implement SIB as specified by the two states shown in the bubbies. Labei any additional
control signals “ECS 17 (for “extra control signal 17), “ECS 2" etc.
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SIB with two extra staies
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Probiem 4 (20 points)

Consider the following two level virtual memory system for the LC-3b:

~ Virtuai Address Space: 64KB Physical Memory Size: 4KB
' User Space Range: x0000 to x7FFF Page Size: 256 bytes
System Space Range: ~ x8000to xFFFF Page Table Entry Size: 2 bytes

The system does not include a Translation Lookaside Buffer. The Page Table Entry format is as foilows:

ih 15 ii 0
|V|000|Ml000...| PFN 4
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Part a (2 points): How many bits are allocated for the Page Frame Number (PFN) in the PTE? Show the computation.
HKB o0
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Part b (18 points): The machine stopped at a breakpoint and the following state information was observed:

averr] 4 Bids

It

PC SBR UBR RO 1 R2 R3 R4 R5 R6 R7
x3100 x000 xS000 =x30F0 xFO00O x4050 xF000 x0000 x1299 x8000 x1000

Note: SBR is the System Page Table Base Register and UBR is the User Page Table Base Register. Each points to the
first entry of the corresponding page table.

After execution resumed, the machine issued the following successive six physical memory requests, uninterrupted by
any page faults, access control violations, or anything else. Note that each entry is incomplete. Your job: complete the

Access # PA Data Identity of Item Being Read
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Note: The last column should identify what is being read specifically. For example: “The instruction JSR HELP,”
“The PTE for User Virtual Page 0,” “PTE for System Virtual Page 0.” “Data due to load instruction,” etc.
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Problem 5 continued:

The control bits are encoded as follows:

P DATASIZE: 0 =Byte
1 = Word
MDRHIGH.LD: 0 = No Load
1 = Load High Byte
: MDRLOW.LD: 0 = No Load
w0 1= Load Low Byte
5 ROTATE 0 = No Rotation
1 = 8-bit Rotation
FIRST/SECOND: 0 = First Access

1 = Qecond Access

a SCLONE ALl

MDRREADY: 0= MDR Not Ready
1 = MDR Ready

Part a (5 points): Identify the 1-bit signal X and the 15-bit signal Y shown on the diagram. (Note: they are generated
by the processor.)

Part b (5 points): The state machine for the Unaligned Load Controller is shown below. State 0 is an idle state, where

no memory access is occurring. In state 3, the state machine sets MDR.READY which the processor interprets as the
old R bit from memory, so it can move on and read the value in the MDR.
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Part ¢ (10 points): The Unaligned Load Controller has signals C1, C2, C3, C4, and C5, which are used to transition
the controller through its states. Complete the logic equations for those control signals. (Note: No control signals are

wic o

~m T ~ atata M)
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required to transition form state 3 1o state 0.)

«.  MEM.READY
.. MEM_READY - DATASLZE - MARLc]
.  VEM.READY - (DATASIZE -MARL- )
w.  MEM.READY

. MEM.READY

Part d (5 points): The Unaligned Load Controller is best thought of as a Moore Machine. That is, its outputs are
associated with the state. Complete the table below, identifying the value of each output signal for each state.

MEM.CE | FIRST/SECOND | MDRHIGH.LD | MDRLOW.LD MDRREADY

State 0 -~ \ n

¢ 4 v 0 [
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!/ 0 / / v

State 2

! / / 7 0
State 3 O X 0 o /

12



