Exercise 2.6

The following problems deal with translating from C to MIPS. Assume that the
variables f, g, h, 1, and j are assigned to registers $s0, $s1, $52, $53, and $s4,
respectively. Assume that the base address of the arrays A and B are in registers $s6
and $57, respectively.

2.6.1 [10]<2.2,2.3> For the C statements above, what is the corresponding MIPS
assembly code?

2.6.2 [5] <2.2, 2.3> For the C statements above, how many MIPS assembly
instructions are needed to perform the C statement?

2.6.3 [5] <2.2,2.3> For the C statements above, how many registers are needed
to carry out the C statement using MIPS assembly code?

The following problems deal with translating from MIPS to C. Assume that the
variables f, g, h, 1, and j are assigned to registers $s0, $s1, $s2, $53, and $54,
respectively. Assume that the base address of the arrays A and B are in registers $56
and $57, respectively.

d $s0, $s3, $s2

Cadd  $56, $56, $s1
Tw $s0, 8($s6)

2.6.4 [5] <2.2, 2.3> For the MIPS assembly instructions above, what is the
corresponding C statement?

2.6.5 [5] <2.2,2.3> For the MIPS assembly above, assume that the registers $s0,
$s1, $52, $53, contain the values 10, 20, 30, and 40, respectively. Also, assume
that register $56 contains the value 256, and that memory contains the following
values:

| 256 100 |
| 260 200 |
264 300 g

Find the value of $50 at the end of the assembly code.

2.6.6 [10] <2.3,2.5> For each MIPS instruction, show the value of the op, rs, and
rt fields. For I-type instructions, show the value of the immediate field, and for the
R-type instructions, show the value of the rd field.



Exercise 2.12

In the following problems, the data table contains various modifications that could
be made to the MIPS instruction set architecture. You will investigate the impact of
these changes on the instruction format of the MIPS architecture.

| a. | 8registers

i
.
|
i
j

* b. = 10 bit immediate constants

2.12.1 [5] <2.5> If the instruction set of the MIPS processor is modified, the
instruction format must also be changed. For each of the suggested changes above,
show the size of the bit fields of an R-type format instruction. What is the total
number of bits needed for each instruction?

2.12.2 [5] <2.5> If the instruction set of the MIPS processor is modified, the
instruction format must also be changed. For each of the suggested changes above,
show the size of the bit fields of an I-type format instruction. What is the total
number of bits needed for each instruction?

2.12.3 [5] <2.5, 2.10> Why could the suggested change in the table above
decrease the size of a MIPS assembly program? Why could the suggested change
in the table above increase the size of a MIPS assembly program?

In the following problems, the data table contains hexadecimal values. You will be
asked to determine what MIPS instruction the value represents, and find the MIPS
instruction format.

a. | 0x01090010
b. | 0x8D090012

2.12.4 [5] <2.5> For the entries above, what is the value of the number in
decimal?

2.12.5 [5] <2.5> For the hexadecimal

entries abovi i :
represent? e, what instruction do they

2.12.6 [5]<2.4,2.5> What tv i i
; ype (I-type, R-type) instruction d the bi i
above represent? What is the value of the op field and the r(t)lf}lelz? e binary entic



Exercise 2.18 .
For these problems, the table holds some C code. You will be asked to evaluate the

C code statements in MIPS assembly code.
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2.18.1 [5] <2.7> For the table above, draw a control-flow graph of the C code,

2.18.2 [5] <2.7> For the table above, translate the C code to MIPS assembly code.
Use a minimum number of instructions, Assume that the value a, b, i, J are in
registers $s0, $s1,$t0, $11, respectively. Also, assume that register $52 holds the
base address of the array p.

2.18.3 [5] <2.7> How many MIPS instructions does it take to implement the
C code? If the variables 3 and b are initialized to 1 and 1 and all elements of D
are initially 0, what is the tota] number of MIPS instructions that is executed to
complete the loop?

For these problems, the table holds MIpPS assembly code fragments. You will be
asked to evaluate each of the code fragments, familiarizing you with the different
MIPS branch instructions,

I -
fa | addi  s$t1, g0,

1
L LogP: Tw $s1, 00350
| add $52, $s2, 351
addi  $s0, $s0, 4
subi  $r1, $t1, 1
bne $tl, $0, Loop

—— e
; addi  $t1, $s0, 400
‘ Tw $51, 00330
| / add $s2, $s2, $s1 |
P Tw $s51, 40350
| ; add  $52, §52, 341 |
| | addi  3sp, $s0, 8 |
i i bne $t1, 350, Looe ]

2.18.4 (5] <27~ What is the tota] number of MIPS Instructions executed?

2.18.5 [5]<2.7> Translate the loops above into C. Assume that the C-leve] integer
1is held in register $t1, $52 holds the C-level integer called res ] t,and $s0
holds the base address of the integer MemAr ray.

2.18.6 [5] <2.7> Rewrite the loop in MIPS assembly to reduce the numbper of
MIPS instructions executed.




Exercise 2.24

Assume that the register $t1 contains the address 0x1000 0000 and the register
$t2 contains the address 0x1000 0010.

i . . . | S
P& ib $t0, 003tD)
j sw o $t0, 0($t2) ;
h
[b. b $t0, 0(stl) B
| sb 310, 0($t2) :

3»241 [5] <2.9> Assume that the data (in hexadecimal) at address 0x 1000 0000 is:

1000 0000

|12 34 | 56 78

What value is stored at the address pointed to by register $£2? Assume that the,,
memory location pointed to $t2 is initialized to OxFFFF FFFE.

2.24.2 [5] <2.9> Assume that the data (in hexadecimal) at address 0x1000 0000 i

}10000000

| 80 | 80 | 80 | 80

What value is stored at the address pointed to by register $t2? Assume that th
memory location pointed to $t2 is initialized to 0x0000 0000.

2.24.3 [5] <2.9> Assume that the data (in hexadecimal) at address 0x1000 0000 i

[10000000

What value is stored at the address pointed to by register $t2? Assume that th
memory location pointed to $t2 is initialized to 0x5555 5555.

Exercise 2.27

In the following problems, you will be using exploring different addressing modes
in the MIPS instruction set architecture. These different addressing modes are
listed in the table below.

Register Addressing

b. | PCrelative Addressing

2.27.1 [5] <2.10> In the table above are different addressing modes of the MIP§
instruction set. Give an example MIPS instructions that shows the MIPS addressmg
mode.

2.27.2 [5] <2.10> For the instructions in 2.27.1, what is the instruction format
type used for the given instruction? ;;

2.27.3 [5] <2.10> List benefits and drawbacks of a particular MIPS addressmg
mode. Write MIPS code that shows these benefits and drawbacks. ,

In the following problems, you will be using the MIPS assembly code as listed below
to explore the tradeoffs of the immediate field in the MIPS I-type instructions.

a. | 0x00000000 Tui  $s0, 100
0x00000004 ori  $s0, $s0, 40

b. | 0x000600100 addi $t0, $0. Ox0000
0x00000104 Tw $tl, Ox4000(%t0)




. . o
2.27.4 [15] <2.10> For the MIPS statements above, _show the bit-level instructior
re‘pre;entatien of each of the instructions in hexadecimal.

2.27.5 [10] <2.10> By reducing the size of the immediate fields of the I-type
and J-type instructions, we can save on the number of bits needed to represent
instructions. If the immediate field of I-type instructions were 8 bits and the
immediate field of J-type instructions were 18 bits, rewrite the MIPS code above to
reflect this change. Avoid using the 1ui instruction.

2.27.6 [5] <2.10> How many extra instructions are needed to execute your code
in 2.27.5 MIPS statements in the tabje versus the code shown in the tabJe above?

Exercise 2.30

Assembler pseudoinstructions are not 4 part of the MIPS instruction set, but often
appear in MIPS programs. The table below contains some MIPS pseudoinstructions
that ,when assembled, are translated to other MIPS assembly instructions,

! a ,' move $tl, $t2

b | beq St1, small, Logp

2.30.1 [5] <2.12> For each pseudo instruction in the table above, produce a
minimal sequence of actual MIPS instructions to accomplish the same thing. You
may need to use temporary registers in some cases. In the table Targe refers to a
number that requires 32 bits to represent and small to a number that can fit into
16 bits.
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_ units (tu) taken to perform a step of an operation.

B A (bit width) B (time units)
& b. | i

_ Exercise 3.5

For many reasons, we would Jike to design multipliers that require less time. Many
_ different approaches have been taken to accomplish this goal. In the following
_ table, A represents the bit width of an integer, and B represents the number of time

Exercise 3.6

In this exercise we will look at a couple of other ways to improve the performance
of multiplication, based primarily on doing more shifts and fewer arithmetjc
operations. The following table shows pairs of hexadecimal numbers.

18 |

3.6.1 [20] <3.3> As discussed in the text, one possible performance enhancement
is to do a shift and add instead of an actual multiplication. Since 9 x 6, for example,
can be written (2 x 2 x 2 + 1) X6, we can calculate 9 x 6 by shifting 6 to the left three

times and then adding 6 to that result. Show the best way to calculate A x B using
i -bit unsigned integers,

3.6.2 [20] <3.3> Show the best way to calculate A x B using shift and adds, if A
and B are 8-bit signed integers stored in sign-magnitude format.




