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1. Short questions [15 points]

(a) [1 pts] Is the LC-2K ISA studied in class a load-store or a memory architecture?
Circle the correct answer:

e Load-store architecture
e Memory architecture

e Neither

e Both

(b) [2 pts] We want to earn more money from our coke machine of lecture 9, so we
extend it to accept quarters and dollar coins (which you usually get as change from post
office machines). Each drink still costs 75¢, and the machine lets you select a drink as
soon as it receives at least 75c¢ (this is the same as in lecture). However, if you pay more,
the coke machine still does not return any change, and you will lose the extra money you
paid. (That’s exactly how we hope to make more money). How many states does the new
FSM for the coke machine have? Circle the correct answer:

3 states
4 states
5 states
7 states
8 states

(c) [4 pts] What information is listed in the relocation table? Circle all that apply.

Variable names in the C source file which the linker must locate

Line numbers of the C source file that should be modified by the linker
Function names in the C source file which the compiler cannot locate

Line numbers in the compiled assembly file that must be modified by the linker

(d) [4 pts] Which of the following addressing modes is used in the MIPS ISA for control
transfer instructions such as jump and branch? Circle all that apply.

Base + Displacement
Direct addressing
PC-Relative
Register Indirect

(e) [4 pts] Which of the following statements are true for an N-bit adder? Circle all that
apply.
e Foraripple carry adder, the output delay is proportional to N.
e For a carry look-ahead adder, the output delay is proportional to square root(N)
e A carry look-ahead adder speeds up the calculation of the lowest-order bits
e A carry look-ahead adder speeds up the calculation of the highest-order bits
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2. MIPS assembly [18 points]

The following MIPS code (with portions missing) is an implementation of the mystery
function in assembly. The mystery function is a recursive function that takes as input
parameter an integer ($a0) and returns an integer ($v0).

mystery addi  $sp,$sp, ___
sw $ra,0($sp)
sw $s0,4($sp)
sw $s1,__ ($sp)
addiu $s0,%$zero,1
beq $s1,%zero,return//
beq $s1,____ ,return/s/s
subi  $s1,
add $a0,%zero, $sl
jal mystery
subi  $s1,%$s1,1
add _____,%$zero,%s1
jal mystery
return add $v0,%zero,$s0
Iw — (P
Iw —-4(3$sp)
Iw ___,0(%sp)
addi  $sp,$sp,____
J

//

//

//
//
//
//
//
//
//
//

allocate memory to stack

store callee-save registers

set $s0 to 1

move input argument ($a0) to $si
check if $s1 == 0

check if $s1 == 1

decrease $s1 by 1

pass $sl as the function parameter
recursive call to mystery

move the return value to $sO
decrease $sl1 by 1

pass $sl as the function parameter
recursive call to mystery

add the return value to $s0O

set the function return value

restore callee-save registers

deallocate memory from stack

return

(a) [9 pts] Complete the assembly code for the mystery function by filling in the blanks.
(hint: this part can be done by just reading the comments and not necessarily

understanding what the function computes).
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(b) [7 pts] What does the mystery function compute? Below is an implementation of the
mystery function in C with some portions missing. Complete the code by filling in the
blanks.

int mystery(int arg)

{
it ( )

return 1;

return mystery( ) + mystery( );

(c) [2 pts] What is the output of the C statement below?
(show your work for partial credit)

printf(“X=%d\n”, mystery(4));

Answer:
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3. Memory addressing [12 points]

Consider the following MIPS assembly program:

Ibu
sh
Ih
sw

$4,100($0)
$4,-42($4)

$3,2(%$1)

$3,101($0)

Recall that register $0 always contains the value zero. The memory is organized in big-
endian format, the same format we studied in class. The initial value for register 1 is:

$1 =0x0000 0064

Show the state of the memory and of the two 32-bit registers ($3 and $4) after executing
each instruction of the snippet above. The initial values for register file and memory are
provided. Fill in the following tables to show your answers (Leave a box empty if its

value is the same as the previous one):

Register File:
Reg | Initial value After inst 1 After inst 2 After inst 3 Final values
$3 | 0x0000 0020
$4 | 0x0000 0074
Memory:
. . ) . Final
Address Initial After inst 1 | After inst 2 | Afterinst 3
values
1004g 0x91
10149 0x34
10249 OxC7
10310 0x84
10410 0x57
10519 0xB3
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4. Heaps, stacks and other parts of memory [10 points]

The following C code is compiled into MIPS assembly language:

nt a, z;
t foo(int b) {
static int sizeOfArray = 100;

inte =7;
int f = 3;
int *d[100];

double n = bar(e, T);

for (a = 0; a < sizeOfArray; at+) {
d[a] = (int *) malloc(sizeof(int) * 100);

}

Which variables are allocated on the stack? Which on the heap? Which on the static
memory segment? For each variable entry in the table, circle the correct answer. Note:
malloc() is the C’s equivalent of C++’s new().

Variable Variable

a Heap Stack Static n Heap Stack Static
b Heap Stack Static d[23] Heap Stack Static
d Heap Stack Static *d[56] Heap Stack Static
e Heap Stack Static sizeOfArray | Heap Stack Static
f Heap Stack Static Z Heap Stack Static
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5. Caller-save or callee-save? That is the question. [16 points]

You were given the gruesome task of compiling the program below. Your target ABI
(application binary interface) recommends to use 3 registers as callee-saved and 3 as
caller-saved. These 6 registers are the only registers you can use to perform general
computation, all other registers are needed for other tasks (i.e., stack pointer, global
pointer, return value, etc.).

Make sure to show your work on this problem to receive partial credit for your answer.

int mymain(int a) {
int b, c, d ;

b =5;
for (c = 0; ¢ < 10; c++) {
d = loopy(a,c);
b=>b+ d;
¥
return O;
¥
int loopy(int ina, int inb) {
int e, T;
iT (ina < inb) {
iT (ina <= 0) return inb;
f = Inb — ina;
e = loopy (ina-1, inb-2);
e = e-T;
}
else e = i1na-inb;
return e;
¥

(a) [8 pts] In the loopy function, assume that variables ina and §nb are mapped to
caller-saved registers, while € and T are mapped to callee-saved registers. How many
load and store instructions must be included in the assembly code for loopy for the
purpose of storing and restoring the values of these variables to/from registers?

Number of Iw instructions:

Number of sw instructions:
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(b) [8 pts] For the mymain function, what is the best mapping from variables to
registers that you can come up with? Your goal is to minimize the number of loads and
stores that must be executed to save/retrieve the register values from/to the stack in order

to preserve the necessary values across function calls.

For each variable, place an X on the appropriate column in the table on the next page
indicating whether you want to use a caller-saved or a callee-saved register.

Function Variable CALLER-SAVED | CALLEE-SAVED
register register
mymain() |ga
b
C
d
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6. Adders and delays [11 points]

Consider the Y block of a carry look-ahead adder (shown below), and assume that we
implemented this circuit using gates with the following propagation delays (delays are

from any of the inputs to the output of the gate):

AND: 1ns OR: 1 ns
G1 P1 Ca
Go
Po
U Y Co
G P C

(a) [3 pts] What is the worst case propagation delay for the CarryOut (C;), Propagate (P)

and Generate (G) signals?

Delay for P:

Delay for G:

Delay for Cy:
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(b) [8 pts] For a 16-bit carry look-ahead adder, how many nanoseconds — in the worst
case — does it take before the result is available?

For simplicity, assume that the delay through the X block is trivial (0 ns) — we have found
a very clever implementation for the X block circuit which can compute its outputs
instantaneously. Also, please assume that the propagation delay across a Y block is the
worst propagation delay that you computed in part (a), independently of which path
through the Y block is actually used.

To jog your memory, we reproduced below a schematic of the 8-bit carry look-ahead
adder that we studied in class — Note, however, that your answer should be the delay on a
16-bit adder. Show your work to receive partial credit on this problem.

Delay for a 16-bit adder:

schemaicor 1141141141141 14114114114

an 8-bit carry
look-ahead
adder:

(your answer
must be for a
16-bit adder)
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7. Floating point arithmetic [18 points]

AMD’s new SSES extension to the x86 ISA includes a new 16 bits floating point data
type. The 16 bits of a number stored in this format are allocated as follows:

e 1 bitsign

e 5 bit exponent with a bias of 15

e 10 bit mantissa (a.k.a. significand)
All other aspects of this format are exactly the same as the standard IEEE floating point
studied in class.
You must show your work on this problem to be eligible for partial credit. If you need
more space, attach another sheet, but label it clearly.

(a) [3 pts] Circle the numbers listed below that can be represented exactly using the SSE5
floating point format:

218 T 27 212 212 1/3

(b) [5 pts] What decimal number is represented by the following?

S|/ E|]EJE|]E]E MMM MMM MMM M| M

Answer:
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(c) [5 pts] Show the representation of 370 (decimal) in this format (fill in the bits in the

slots below).

Answer:

S

E

(d) [5 pts] Add together the floating point numbers in parts (b) and (¢) above and show

the sum in SSE5 format:

Answer:

S

E
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