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R Arithmetic ydd, sub, addl Operations in assignment statements

Data transfer Tw, sw, 1b. W, 1h, References to data structures, such as arrays 35%

Logical an yr, nor, andil Operations in assignment statements 12% A%

Conditional branch et ne, slt, slt If statements and |oops 8%

Jump Procedure calls, returns, and caséy switch statements

percentage of MIPS instructions executed by category for the average SPEC2006 penchmarks. Figure 3.26 1n Chapter 3

dows average percentage of the b dividual MIPS instructions executed.

l AGURE 2.45 MIPS instruction classes, examples, correspondence to high-level program language constructs, and

Historical Perspective and
Further Reading

This section surveys the history ot instruction set architectures (ISAs) over
time, and we give a short history of programming languages and compilers.
[SAs include accumulator architectures, general-purpose register architectures,
stack architectures, and a brief history of ARM and the x86. We also review the
controversial subjects of high-level-language computer a rchitectures and reduced
instruction set computer architectures. T he history of programming languages
indludes Fortran, Lisp, Algol, C, Cobol, Pascal. Simula, Smalltalk, C++, and Java,
and the history of compilers includes the key milestones and the pioneers who
achieved them. The rest of this section is on the CD.
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Kaivan (University of Adelaide) and Milos Prvulovic (Georgld lech)

Appendix B describes the MIPS simulator, which is helpful for these exercises.
Although the simulator accepts pseudoinstructions, try not to use pseudo-
instructions for any exercises that ask you to produce MIPS code. Your goal should
be to learn the real MIPS instruction set, and if you are asked to count instructions,
your count should reflect the actual instructions that will be executed and not the
pseudoinstructions.

There are some cases where pseudoinstructions must be used (for example, the

13 instruction when an actual value is not known at assembly time). In many cases,
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they are quite convenient and result in more readable code (for example, the

a.
and move instructions). If you choose to use pseudoinstructions for these reasons, 5
please add a sentence or two to your solution stating which pseudoinstructions :
vou have used and whv.
2.2.1
asseml|

Exercise 2.1
2.2.2

The’following problems deal with translating from C to MIPS. Assume that the

: tions a
variables g, h, 7, and J are given and could be considered 32-bit integers as declared
ina C program 2.2.3
what is
a.
b. I'he fol
exercilsc
2.1.1 [5] <2.2> For the C statements above, what is the corresponding MIPS 32-bit i
issembly code? Use a minimal number of MIPS assembly instructions.
a.
2.1.2 [5] <2.2> For the C statements above, how many MIPS assembly instruc- b. u
tions are needed to perform the C statement? :
2.1.3 [5] <2.2> If the variables f, g, h, 1, and j have values 1, 2, 3, 4, and 2.2.4 |
espectively, what is the end value of 17 stateme!
I'he following problems deal with translating from MIPS to C. Assume that the 2.2.5 |
ariables g, h, 7,and j are given and could be considered 32-bit integers as declared what is t

nacd program

a. | 3 f.oq. Exerc

The follc
variables
inaC pr
2.1.4 [5] <2.2> For the MIPS statements above, what is a corresponding

statement? a.

b.
2.1.5 |5] <2.2> If the variables f, g, h, and i have values I, 2, 3, and 4, respectivel
what is the end value of 7

2.3.1 [5

: assembly
- - o
Exercise 2.2
2.3.2 |5
he following problems deal with translating from C to MIPS. Assume that the tions are
variables g, h, 1, and j are given and could be considered 32-bit integers as declared

1na G program.




reasons,

ructions

that the

tiL'L'..‘aJ‘[_'x]

MIPS

q
3

Instruc-

J

y dllc

that the

i
declared

onding

ectively,

that the

declar ed

2.21 Exercises

2.2.1 [5| <2.2> For the C statements above, what is the corresponding MIPS

assembly code? Use a minimal number of MIPS assembly instructions.

For the C statements above, how many MIPS assembly instruc-

22.2 |5

tions are needed to perform the C statement?

2.2.3 [5] <2.2> [f the variables f, g, h,and i have values 1, 2, 3, and 4, respectively,

what 1s the end value of 7

> following problems deal with translating from MIPS to C. For the following

exercise, assume that the variables g, h, 1, and J are given and could be considered

32-bit integers as declared in a C program.

2.2.4 [5] <2.2> For the MIPS statements above, what is a corresponding C

statements

2.2.5 [5] <2.2> If the variables f, g, h,and i have values 1, 2, 3, and 4, respectively

what is the end value of 7

Exercise 2.3

The following problems deal with translating from C to MIPS. Assume that the
variables g, h, 1, and j are given and could be considered 32-bit integers as declared

inat program.

2.3.1 (5| <2.2> For the C statements above, what is the corresponding MIPS
assembly code? Use a minimal number of MIPS assembly instructions.

23.2 |5

tions are needed to perform the C statement?

- For the C statements above, how many MIPS assembly instruc-
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2.3.3 |5] <2.2> If the variables f, g, h, i, and J have values 1, 2, 3, 4, and 5

7

respectively, what is the end value of

The following problems deal with translating from MIPS to C. Assume that the

variables g, h, 1, and j are given and could be considered 32-bit integers as declared

ina C program.

2.3.4 |5 2.2> For the MIPS statements above, what is a corresponding

C statement?

2.3.5 |5] <2.2> If the variables f, g, h,and 1 have values 1, 2, 3, and 4, respec

what is the end value of ¢

Exercise 2.4

Assume that the

]|'L’

variables T, g, h, 1, and j are assigned to registers $50, $s1, , $53, and

owing problems deal with translaung from C to MIPS

respectively. Assume that the base address of the arrays A and 8 are in registers 5

and $57, respectiy

a.

b.
2.4.1 [10] <2.2,2.3> For the C statements above, what is the corresponding MIPS
assembly code?
2.4.2 |5] <2.2, 2.3> For the C statements above, how many MIPS assembl

instructions are needed to pertorm the C statement?

2.4.3 |5] <2.2,2.3> For the C statements above, how many different registers are

needed to carry out the C statement?

['he following problems deal with translating from MIPS to C. Assume tha

variables f, g, h, 1, and J are assigned to registers $s0, $s51, 552, $53, and

respectively. Assume that the base address of the arrays A and E are in registers $

and , respectively.
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yove, what 1s the

24.4 [10] <2.2, 2.3 Tor the MIPS assembly instructions a

corresponding C statement!

245 |5 2. 255 or the MIPS assembly instructions above, rewrite the

Leadey

ssembly code to minimize the number of MIPS instructions (if possible) needed

wry out the same function

2.4.6 5] <2.2,2.3> How many registers are needed to carry out the MIPS assem

sove? 1f vou could rewrite the code above, what is the minimal

bly as wrilten a

1ber of II._‘:.;i\';r."\ needed?

Exercise 2.5

In the following problems, we will be investigating memory operations In the
context of a MIPS processor. The table below shows the values of an array stored

Inmemaorny

Jate

25.1 [10] <2.2, 2.3> For the memory locations in the table above, write C code
o sort the data from lowest-to-highest, placing the lowest value in the smallest
memory location shown in the figure. Assume that the data shown represents the

iiable called 1/, which is an array of type int. Assume that this particular

machine is a bvte-addressable machine and a word consists of 4 bytes.

95.2 [10] <2.2, 2.3> For the memory locations in the table above, write MIPS

cwode to sort the data from lowest-to-hi

st memory location. Use a minimum number of MIPS instructions. Assume the

hest, placing the lowest value in the small

hase address of v 1s stored in registen

183
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2.5.3 (5] <2.2, 2.3> To sort the array above, how many instructions are required
for the MIPS code? If you are not allowed to use the immediate field in Twands

instructions, how many MIPS instructions do you need?

The following problems explore the translation of hexadecimal numbers to other

number formats.

2.5.4 |5] <2.3> Translate the hexadecimal numbers above into decimal.

2.5.5 |5] <2.3> Show how the data in the table would be arranged 1 memon
of a little-endian and a big-endian machine. Assume the data is stored starting
address 0.

Exercise 2.6

The following problems deal with translating from C to MIPS. Assume that the

variables f, g, h, 1, and ] are assigned to registers $50, $51, $52, $53, and ¢
respectively. Assume that the base address of the arrays A and B are in registers §
and $57, respectively

a.

b. f

2.6.1 |10] <2.2,2.3> For the C statements above, what is the corresponding MIP

assembly code?

2.6.2 [5| <2.2, 2.3> For the C statements above, how many MIPS assemb

instructions are needed to perform t

1e C statement?

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

['he following problems deal with translating from MIPS to C. Assume that th

variables T, g, h, 1, and ] are assigned to registers 50, 51, $57, § and §
respectively. Assume that the base address of the arrays A and B are in registers §
and $s7, respectively.
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26.4 (5] <2.2, 2.3> For the MIPS assembly instructions above, what is the
corresponding C statement?

2.8.5 [5] <2.2, 2.3> For the MIPS assembly above, assume that the registers $50,
§51, $s2, $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:

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
rtfields. 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 2.7

The following problems explore number conversions from signed and unsigned
binary number to decimal numbers.

a 1010 1101 0001 0QOOO QOO0 0QODOO

b 1111 1111 1111 11 1011 0011

2.1.1 (5] <2.4> For the patterns above, what base 10 number does it represent,
assuming that it is a two’s complement integer?

1.2 [5] <2.4> For the patterns above, what base 10 number does it represent,
sssuming that it is an unsigned integer?
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2.7.3 |5] <2.4> For the patterns above, w

represente

1at hexadecimal number does

I'he following problems explore number conversions from decimal to signed and

unsigned binary numbers.

2.7.4 |5| <2.4> For the base ten numbers above, convert to two's complement

‘binarv.

2.7.5 [5] <2.4> For the base ten numbers above, convert to twao’s complement

hexadecima

2.7.6 |5]| <2.4> For the base ten numbers above, convert the negated values from

> table to two’s complement hexadecimal,

Exercise 2.8

I'he following problems deal with sign extension and overflow. Registers $50 and
| hold the values as shown in the table below. You will be asked to performa
MIPS operation on these registers and show the result.

a.
b.
2.8.1 [5] <2.4> For the contents of registers $50 and $s1 as specified above, what

is the value of $t0 for the following assembly code:

Lo
Is the result in $t0 the desired result, or has there been overflow?
2.8.2 [5] <2.4> For the contents of registers $50 and $51 as specified above, what
is the value of $t0 for the following assembly code:

Is the result in $t0 the desired result, or has there been overflow?
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28.3 [5] <2.4> For the contents of registers $50 and $51 as specified above, w hat

the value of $t0 for the following assembly code:

sthe result in $t.0 the desired result, or has there been overflow?

In the following problems, you will perform various MIPS operations on a pair of
registers, $50 and 54 1. Given the v alues of $50 and $51 in each of the questions

below, state if there will be ovetflow.

<) = 0x70000000 and $s1 = 0x10000000.

2.8.4 [5] <2.4> Assume that register §

For the table above, will there be overflow?

2.8.5 |5] <2.4> Assume that register $50 = 0x40000000 and $51 = 0x20000000.

For the table above, w ill there be ov erflow?

2.8.6 [5] <2.4> Assume that register $50 = 0x8FFFEFFE and $s1 = 0xD0000000.

For the table above, will there be overflow?

Exercise 2.9

The table below contains various values for register $s1. You will be asked to

evaluate if there would be overflow for a given operation.

a

2.9.1 [5] <2.4> Assume that register 5 0 = 0x70000000 and $51 has the value as
given in the table. If the instruction: add $s0, $50, $s1 is executed, will there be
"-\'L']H‘.‘\'.':’

2.9,2 [5] <2.4> Assume that register ¢ () = 0x80000000 and 551 has the value as
given in the table. If the instruction: sub $50, $s0, $51 1s exec uted, will there be

overflow?
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2.9.3 |5] <2.4> Assume that register
as given 1n the table. If the instruction: sub $s0, $50, ¢ is executed, will there be
overflow?

[he table below contains various values for register You will be asked to

evaluate if there would be overflow for a given operation

2.9.4 |5] <2.4> Assume |

1at register 50 = 0x70000000 and ¢ has the value as

given in the table. If the instruction: add is executed, will there be

overflow?

2.9.5 5] <2.4> Assume that register $s0 = 0x70000000 and $ has the value
n in the table. If the instruction: add %0, $50, $<1 is executed, what is the

ds gl°

result in hex?

2.9.6

given in the table, If the instruction:

i 2 4= Assume that register $50 = 0x70000000 and $§ has the value as
b 1 is executed, what is the result

in base ten?

Exercise 2.10

In the following problems, the data table contains bits that represent the opcode
of an instruction. You will be asked to translate the entries into assembly code and

determine what format of MIPS instruction the bits represent

2.10.1 [5] <2.5> For the binary entries above, what mnstruction do the

represent?

2.10.2 (5] <2.5> What type (I-type, R-type) instruction do the binary en

above represent?

2.10.3 [5] <2.4, 2.5> If the binary entries above were-data bits, what number

would they represent in hexadecimal?

Ox7FFFFFFF and $s1 has the value

In the f
asked to
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the value the following problems, the data table contains MIPS instructions. You will be
I there be | led to translate the entries into the bits of the opcode and determine what is the

[[PS instruction format.

ask L"\i

=

above, show the hexadecimal

| 2.10.4 |5 2.4, 25> Tor the instructions

epresentation of these instructions.

What type (I-type, R-type) Instruction do the instructions

e value as 210.5 [5] <2.5> W
| there be bove represent

210.6 | 5 5~ What is the hexadecimal representation of the opcode, s,

s the [",L‘)Ji_ll_’\_in'u')

nd rt fielc |\ in this s truction? For R type instructions, what i

the value
For I-type instructions, what is the

I\lx al \IJ funct l'\‘ld'ﬁ

1al 1s the epresentation of the
|

{ation of the immediate field?

exadecimal represe

: value as Exercise 2.11

the result
he following problems he data table contans bits that represent the opcode

an instruction. You will be asked to translate the entries into assembly code and

ermine what format of MIPS instruction the bits represent.

2 opcode

code and

211.1 [5] <2.4, 2.5> What binary number does the above hexadecimal number

represen %5

yove hexadecimal number

911.2 [5| <2.4,2.5> What decimal number does the a

anrocenl ?
do’ they represent?

2113 |5 75> What instruction does the above hexadecimal number

. ranrecen e
y entries epresents

1s. the data table contains the values of various helds of

to determine what the instruction is, and

following probl

MIPS instructions. You will be asked

number =) : ; :
nd the MIPS format tor the instruction
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2.11.4 (5] <2.5> What type (I-type, R-type) instruction do the instructions

above -I'L‘prL’hL':][?

2.11.5 |5] <2.5> What is the MIPS assembly instruction described above?

2.11.6 |5| <2.4, 2.5> What is the binary representation

above?

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 impactof

1]

the instructions

these changes on the instruction format of the MIPS architecture.

b. 10 bit immediate constants

2.12.1 [5| <2.5> If the mnstruction set of the MIPS processor is m

instruction format must also be changed. For each of the suggested changes

show the size of the bit fields of an R-type format instruction. What is the tot:

number of bits needed for each instruction?

2.12.2 [5] <2.5> It the instruction set of the MIPS processor 1s 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 tots

number of bits needed for each instruction?

2.12.3 |5] <2.5, 2.10> Why could the suggested change in the table abo

decrease the size of a MIPS assembly program? Why could the suggested chang

in the table above increase the size of a MIPS assembly program?

In the following problems, the data table contains hexadecimal v

5. You will

asked to determine what MIPS instruction the value represents, and find the MIPS

mstruction format.

For the entries above, what

2124 |5
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In the following problems, the data tal
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above, what instruction do they

[-type, R-type) instruction ¢ do the binary entries
'hat is the \dlm of the op field and the rt field?

sle contains the values for registers 1
[PS logical operations on these

<2.6> For the lines above, what 1s the value of $t2 for the following

3 6> For the values in the table above, what is the value of $1.¢ for the

the lines above, what is the value of $12 for the following

ous MIPS logical operations.

YA5AS and $11 = 00005A5A. What is
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2.13.5 [5] <2.6> Assume that $£0 = 0xA5A50000 and $t 1 = A5A50000. What is
the value of $t 2 after the two instructions in the table?

2.13.6 |5] <2.6> Assume that $t0 = 0xASASFFFF and $t1 = ASASFFFE, What s
the value of $12 after the two instructions in the table?

Exercise 2.14
I'he following figure shows the placement of a bit field in register $ 0.

4 9]
31 - i bits —J bits | bits
In the following problems, you will be asked to write MIPS instructions to extrac

the bits “Field” from register $t0 and place them into register $t1 at the locatior

indicated in the following table

a. E |
000 000 Field
b. 31 14 + | - | hits 14 0
000 [N Field 000 000

2.14.1 [20]| <2.6> Find the shortest sequence of MIPS instructions that extracs

a field from $t0 for the constant values i = 22 and j = 5 and places the field in

b1 1 in the format shown in the data table.

2.14.2 [5] <2.6> Find the shortest sequence of MIPS instructions that extracts:
field from $£0 for the constant values i = 4 and j = 0 and places the field into $¢]

e

in the format shown in the data ta

2.14.3 [5]| <2.6> Find the shortest sequence of MIPS instructions that extractss
field from $£0 for the constant values i=31 and j = 28 and places the field into §]

in the format shown in the data table.

In the following problems, you will be asked to write MIPS instructjons to extrad
the bits “Field” from register $£0 shown in the figure and place th€m into register

bt 1 at the location indicated in the following tab

e. The bits shown as “{Xx” aref

remain unchanged.
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Find the shortest sequence of MIPS instructions that extracts

for the constant values i = 17 and j = 11 and places the field into

1own in the data table.

i the format s

214.5 [5] <2.6> Find the shortest sequence of MIPS instructions that extracts a

1es 1 = 5 and j = 0 and places the field into

field from $1.0 lor the constant va

the format shown in the data table

2.14.6 (5] <2.6> Find the shortest sequence of MIPS mstructions that extracts a
1

field from $ t 0 for the constant values i=31 and =29 and places the field into

in the format shown in the data table.

Exercise 2.15

he table holds some logical operations that are not included in

For these }‘!'1"i‘!l_' n

the MIPS instruction set. How can these instructions be implemented?

cal instructions above are not included in the MIPS

215.1 |5| <2.6 The

nstruction set, but are described above. If the value of 1 — Ox0D0FFASAS and the

value of OxI'FFFR003C, what is the resultin $11¢

2.15.2 |10 .6~ The logical instructions above are not included n the
MIPS instruction set, but can be synthesized using one or more MIPS assembly
nstructions. Provide a minimal set of MIPS instructions that may be used in place

of the instructions in the table above

2.15.3 [5] <2.6 > For vour sequence of instructions in 2.15.2, show the bit-level

representation of each istruction.

w. In this exerdise, vou

Various C-level logical statements are shown in the table |
will be asked to evaluate the statements and implement these C statements using

MIPS assemblv instructions.

193
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a. | |

b.
2.15.4 [5] <2.6> The table above shows different C statements that use logicd
operators. If the memory location at C|0] contains the integer value 0x0000123
and the initial integer value of A and B are 0x00000000 and 0x00002222, what

the result value of A?

2.15.5 (5] <2.6> For the Cstatements in the table above, write a minimal sequenc
of MIPS assembly instructions that does the identical operation

2.15.6 [5] <2.6> For your sequence of instructions in 2.15.5, show the bit-les

representation of each instruction

Exercise 2.16

For these problems, the table holds various binary values for register §t 0. Given the

value of $t0, you will be asked to evaluate the outcome of different branches.

2.16.1 [5] <2.7> Suppose that register $ £ 0 contains a value from above and §t!
has the value

( a0 nand p———
What is the value of $t2 after the following instructions?
] ¢ 1 q
tZ, ¥zera, ELSH
] ONE
i . t2., $zer g

2.16.2 [5] <2.7> Suppose that register $t 0 contains a value from the table abow
and is compared against the value X, as used in the MIPS instruction below, F
what values of X, if any, will $t2 be equa

to 1?7 -

2.16.3 (5] <2.7> Suppose the program counter (PC) is set to 0x0000 0020.%
it possible to use the jump (j) MIPS assembly instruction to set the PC to i

di

po
ds

M
ab

.
the
ins




ise logical
10001234,
2, what is

sequence

= bit-level

Given the

hes.

rand $t1

ble above
elow. For

) 0020. Is
'C to the
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iddress as shown in the data table above? Is it possible to use the branch-on-equal
veq) MIPS assemblv instruction to set the PC to the address as shown in the data

table above?

For these problems, the table holds various binary values for register $ t0. Given the

value of $T0, you will be asked to evaluate the outcome of different branches.

a.

b.

216.4 |5] <2.7> Suppose that register $t0 contains a value from above. What is
the value of $ £ after the following instructions?

2.16.5 [5] <2.6, 2.7 suppose that register $t0 contains a value from above.
What is the value of 1 2 after the following instructions?

216.6 [5| <2.7> Suppose the program counter (PC) is set to 0x2000 0000. Is it
possible to use the jump (j) MIPS assembly instruction to set the PC to the address

s shown in the data table above? Is it possible to use the branch-on-equal (beq)

[IFS assembly instruction to set the PC to the address as shown in the data table

WOVES

Exercise 2.17

for these problems, several mstructions that are not included in the MIPS

nstruction set are showi

217.1 |5] <2.7> The table above contains some instructions not included in
the MIPS instruction set and the description of each instruction. Why are these

mstructions not included in the MIPS instruction set

195
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2.17.2 |5| <2 The table above contains some instructions not included in the
MIPS instruction set and the desc i!"iilrﬂ of each instruction If these instructions

were to be implemented in the MIPS instruction set, what is the most appro

mstruction format?

the table above, find the shortes

2.17.3 |5| <2.7> For each instruction

sequence of MIPS instructions that performs the same oper

ation

For these problems, the table holds MIPS assembly code fragments. You will b

iarizing you with the differen

asked to evaluate each of the code fragments, fami

MIPS branch mstructions.

a.

b.
2.17.4 [5] <2.7> For the loops written in MIPS assembly above, assume that th
register 51 is initialized to the value 10. What is the value in register $ 52 assuming
the $ 57 1s initially zero?
2.17.5 [5] <2.7> For each of the loops above, write the equivalent C code routing
\ssume that the registers $s1, $52, $t1, and { are integers A, B, 1, and 1

respectn ely.
2.17.6 [5] <2.7> For the loops written in MIPS assembly above, assume
register 11 is initialized to the value N. How many MIPS instructions are executed

Exercise 2.18

For these problems, the table holds some C code. You will be askedto evaluat

C code statements in MIPS assembly code

2.18.1

2.18.2
Usear
register

base ad

2.18.3
C L'UL[L‘-!
are init
comple

For the
asked t¢
MIPS b

2.18.4

2.18.5

is hele
holds th

2.18.6
MIPS in

Exerc

For the {
function

routines




»d in the
ructions

ropriate

shartest

1 will be

different

e that the
assuming

& "lill:|iI'IL'.
nd temp

¢ that the

executed?

uate these

routines i|‘||‘:| "\i]!""\ Ase] I|1|'\
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218.1 [5] <2.7> |

2 7= For the table above, draw a control-flow g

__1]{||__‘]] of the C code.
218.2 |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 , 1, ] are In
registers L 4 1, respectively. Also, assume that register $52 holds the
e 1rray L

base address ol

2.18.3 [5] <2.

L codes?

How many MIPS instructions does it take to implement the
[ the variables ¢ and

are initialized to 10 and 1 and all elements of D
e initially 0, what is the total number of MIPS instructions that is executed to
complete the loop?

For these [‘]-'-l"l-t']'-]'.._ 3%

e table holds MIPS assembly code fragments. You will be

h of the code fragments, familiarizing you with the differen
instructions.

218.4 [5] <2.7> What is the total number of MIPS mstructions executed?
218.5 |5]-

2.7 > Translate the loops above into ¢
is held 1 r ;

stel

. Assume that the C-level integer
holds the

holds the C-level integer called res , and
address of the intege: Y.

218.6 |5 <2.

ase

7 | W

ite the loop in MIPS assembly to reduce the number o
MIPS instructions executed.

Exercise 2.19

For the following problems, the tal

1

sle holds C code functions. Assume thal the
function listed in the table is called first. You will be asl

* hirst
KCC

| to translate these t

code
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