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1. Which of the following is not allocated to an activation record?

[ 5pts]
A
B
C.
D
E

2. In

Parameters to a function

Regi sters saved by caller
Regi sters saved by callee
Ret urn address

Static local Variables

whi ch type of datapath does the instruction with the FASTEST

execution tine determine the cycle time? [5 pts]

A

B

C

D

E

Never

Al'l dat apat hs

In single cycle datapath only
In nulti-cycle datapath only

None of the above

Whi ch addressing node is nbst useful in referencing |ocal variables?
pt s]

A

B

C

D

E

Direct

Base + Di spl acenent
Base Regi ster
PC-Rel ati ve

| mmedi at e



4. In the LC-2K3, we want to add a new instruction, w thout nodifying
the multicycle datapath (i.e. no nore paths, registers or conbinationa
logic). The new instruction is saveAll. It takes no argunents, but
saves all the registers onto the stack, except R7, which is a pointer
to the stack, and updates the stack pointer. Wat is the m ninmm
nunber of cycles this will take on the unnodified datapath? [5 pts]

A 8
B. 9
C 13
D. 14

E. This change cannot be made without nodifying the datapath.
5. How many different nunbers between O and 1.0 can be represented in
the 32-bit | EEE 754 floating-point format? [5 pts]

A. About 16 million

B. About 64 million

C. About 256 mllion

D. About 512 mllion

E. About 1 billion

6. Wite MPS assenbly code for the following C code fragment: [8 pts]

while (i > 0) {
sum = sum + list[i];
i--;

}

Assune all variables are 32 bit integers.
Assunme "i" is in $1, "sum is in $2
and the array "list" starts at address 3700.



7. Add the followi ng two | EEE 754 single precision binary floating
poi nt nunmbers. [ 10 pts]

11000101000001000000000000000000
+ 00111110101110000000000000000000

Show the steps for adding these two nunbers and show the sumin | EEE
754 single precision floating point format and in deci nal

8. The Al pha architecture uses 32-bit instructions. One of the nachine
| anguage instructions adds the contents of a source register to an

i medi ate value, and stores the result to a destination register. Any
of 32 general registers may be used for the source and for the
destination; they are specified independently. The instruction fornat
for this instruction uses a 14 bit opcode. There are no unused bits in
the instruction; all of the remaining available bits are used for the

i medi ate val ue, which is specified in standard two's conpl enent
notation. [7 points]

VWhat is the range of imedi ate values that may be specified for this
i nstruction? Show your work.



9. The following circuit with inputs A and B and out put F has been
constructed using four two-input NAND gates.

A D

Construct a truth table that shows the values of C, D, E, and F for al

inputs (A, B): [5 pts]
A B|CDEF
0 0

What is the name of the function F(A B) that this circuit inplenents?
[5 pts]



10. What does this sequence of LC2K3 instructions do? (H nt,

what

single MPS instruction could be used to replace this sequence).

[5 pts]

11. You are given an LC-2K3 simul ator that appears to have a few bugs.
It is runored that

of

its instructions.

it does not correctly sign-extend, but only on one

woul d expose defective sign-extension.

it as short as possible.

12. Show how a carry-lookahead adder would add the following two numbers 11001110 + 10100011.

[10 pts]

For ful

credit,

Wite an LC 2K3 assenbly | anguage test case that
you nust

Show your work by putting the correct value on each of the linesin the circuit below. [10 pts]

keep

11 1 0 0 1 0 0 10 10 11 0 1
BEJBEJHEJHE JHE JEE JHE JHE,
X X X X X X X X
L 4 vva !
Y Y Y Y
3 3
Y Y
2
Y
A Cary =0




13. You are senior engineer for the LC-2 conmputer corporation. The
deci si on has been made to provide upgraded instruction set architecture
for the LC-2. It is desired to nmaintain as nuch conpatibility as

possi ble with previous versions. In particular, old LC-2 nachine

| anguage progranms should run correctly on the new | SA design w thout
any nodifications. You may assume that the old nachine | anguage
programs correctly set all unused fields in their instructions to al

0; thus you have the opportunity to provide new features in a
conpati bl e way by specifying new functionality when these previously
unused fields have nonzero val ues.

Several possible changes are up for consideration. Your hardware
designers tell you that all of themwould be straightforward to

i mpl enent as long as you can specify a suitable change to the
instruction set architecture; you need only concern yourself with
defining suitable bit encodings for the new machi ne.

For each of the follow ng changes, if it is possible, briefly explain
how you m ght nodify the LC-2 instruction set architecture to support
it ina way that maintains conpatibility with old machi ne code
programs. |f the change is not possible, explain wy.

a) double the nain nenory size from 65536 to 131072 words [5 pts]

b) provide nmore arithmetic and | ogical operations; instead of only add
and nand, all of the following will be provided at the instruction set
level : [5 pts]

arithmetic: add, subtract, nultiply, divide

logical: or, nor, and, nand, exclusive-or, exclusive-nor

c) double the nunber of registers from8 to 16 [5 pts]






