
GCSE Chemistry Mock Paper 2

Max time allowed: 2 hours
Max Marks: 120
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1 Jack investigates the reactions of some Group 1 and Group 2 metals with water. 

He adds a small piece of each metal to water and measures how long it takes for the reaction to 
finish. 

He uses the same amount of metal and the same amount of water each time. 

The table shows his results. 

Metal Group Time taken for reaction to finish 
in s 

lithium 1 35 

sodium 1 12 

potassium 1 5 

magnesium 2 not finished after 2 minutes 

calcium 2 40 

strontium 2 9 

(a) What conclusions can you make from the data about the reactivity of Group 1 and Group 2
metals with water?

.............................................................................................................................................. [3] 

(b) Which of the following statements about the reactions of the Group 1 metals with water are
true and which are false?

Put a tick(✓) in one box in each row.

The reactions make hydrogen gas. 

Each reaction makes a different metal oxide. 

The reaction mixture gains mass during every reaction. 

The pH of each solution is neutral at the end of the reaction. 

True False 

[2] 

[Total: 5] 



O

,

,



(c) Abbi repeats the experiment using chlorine  gas.

She passes chlorine gas down a tube onto filter papers soaked in some other Group 7
compounds. 

tube

chlorine gas---
'-'----------

filter paper soaked in
Group 7 compound 

The table shows which compounds she uses.

Gas Group 7 compound 
on filter paper 

chlorine potassium fluoride

chlorine potassium chloride

chlorine potassium bromide

chlorine potassium iodide

Before the experiment the solutions of the compounds are all colourless.

State and explain what Abbi will see when chlorine gas passes over each Group 7 compound.

/ The quality of written communication will be assessed in your answer.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [6] 

[Total: 10] 



3 Mendeleev developed the modern Periodic Table. Other scientists were involved. 

Mendeleev 

I have developed a new way of arranging the 
elements in a table. 

There are gaps in the table and problems 
with the order of some elements. This does 
not work for all elements. 

Scientist 3 

Scientist 2 

I have discovered a new element. Its properties mean 
that it could go in one of the gaps in Mendeleev's 
table. 

I have discovered a different new element. The 
properties mean that it could go in a different gap. 

Scientist 5 

Scientist 4 

I am going to do the same experiments as Scientist 
3 and Scientist 4, and look at the results. 



(a) Which two scientists are doing a peer review?

Explain how what they say is peer review .

.............................................................................................................................................. [3] 

(b) Mendeleev's ideas were supported by the discoveries of Scientist 3 and Scientist 4.

Explain why.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2] 

[Total: 5] 



4 Lee looks up some data about gases in the air. 

Gas in the air Formula Relative 
formula mass 

nitrogen N2 
28 

oxygen 02 
32 

carbon dioxide CO
2 

44 

water vapour H
20 18 

(a) All of the gases in the table are covalently bonded.

Which statements describe a covalent bond?

Boiling 
point in °C 

-196

-183

-57

100 

Put a tick(✓) in the boxes next to the two correct answers.

Percentage 
in air 

78 

21 

0.04 

variable 

Ions attract together due to their opposite charges. D 
The electrons between the atoms are attracted to each nucleus. D 
Electrons are shared between atoms. D 
The electrons of two atoms are attracted to each other. D 
Electrons are transferred from one atom to another. D 

(b) Lee looks at the data and writes down this idea.

I think that there is a correlation between the relative formula 
mass of a gas and its boiling point. 

Does the data in the table support Lee's idea? 

Explain your reasoning . 

[2] 

.............................................................................................................................................. [3] 



(c) Alex also notices that there is a correlation between the relative masses of gases in the air
and their percentages in air.

Gas in the air Relative Percentage 
mass in air% 

nitrogen 28 78 

oxygen 32 21 

argon 40 1 

carbon dioxide 44 0.04 

Use the data in the table to explain the difference between correlation and cause . 

.............................................................................................................................................. [2] 

[Total: 7] 



5 Some metals can be extracted from metal oxides by heating with carbon. 

(a) The equation shows what happens when copper oxide is heated with carbon.

2Cu0 + C ➔ 2Cu + CO
2 

(i) Which substance is oxidised and which substance is reduced in this reaction?

oxidised ............................................................................................................................ . 

reduced ........................................................................................................................ [1] 

(ii) Name the waste gas that is made in this reaction .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1] 

(b) Large-scale metal extraction processes involve both costs and benefits.

(i) Companies choose metal extraction processes that use as little energy as possible.

Suggest why using less energy reduces both the cost to the company and the
cost to the environment.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3] 

(ii) Give two examples of the ways that people benefit from large-scale metal extraction
processes .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2]



(c) The table shows some data about the most cost-effective methods for extracting metals from
metal oxides.

Metal oxide Minimum temperature Most cost-effective 
to make metal by method of extraction 

heating with carbon in 
oc 

calcium oxide 2100 electrolysis 

magnesium oxide 1600 electrolysis 

aluminium oxide 2100 electrolysis 

zinc oxide 900 heating with carbon 
more reactive metal 

iron oxide 700 heating with carbon 

lead oxide 400 heating with carbon 

copper oxide 100 heating with carbon 

Use the data to explain how the method chosen to extract a metal is related to its reactivity 
and the energy involved. 

/ The quality of written communication will be assessed in your answer.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [6] 

[Total: 13] 



6 Sam works for a company that makes chemicals to kill fungi on plants. 

One of the chemicals the company makes is copper sulfate. 

(a) Sam makes some copper sulfate by reacting copper oxide with an acid.

Complete the word and symbol equation for the reaction.

copper oxide + ➔ copper sulfate +

CuO + ➔ CuS0
4 

+ 

[2] 

(b) Sam draws a graph to show the theoretical yield of copper sulfate crystals that can be made
from copper oxide.

25.0 

.... 

20.0 ., 

theoretical 
yield of 15.0

,� 

.. 

copper 
, 

sulfate 10.0

crystals in g 

5.0 

.... 

0.0 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

mass of copper oxide used in g 

(i) What mass of copper oxide would Sam need to make 1 O g of copper sulfate crystals?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1] 

(ii) The company makes the fungicide in large quantities.

Use your answer to (i) to work out how much copper oxide would be needed to make
5 kg of copper sulfate crystals.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2]



(iii) Complete the table to show the relative formula masses of copper oxide and copper
sulfate.

Compound Formula Relative formula mass 

Copper oxide CuO 

Copper sulfate CuSO
4 

(iv) Copper sulfate crystals do not only contain copper sulfate.
The crystals also contain water molecules in their structure.
The values on the graph take this into account.

[2] 

Compare your answers to (iii) with the graph to show that the crystals do not only contain
copper sulfate .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2] 

[Total: 9] 



7 Acid rain contains a dilute solution of sulfuric acid. 

Acid rain causes some lakes to become too acidic, killing fish and other wildlife. 

Water companies can treat the lakes with calcium hydroxide to neutralise acidity. 

(a) Which ion causes the acidity in the lake?

Put a @ around the correct answer.

so 2-4 02- so 2-3 

(b) Which ion in calcium hydroxide reacts to neutralise the acidity in the lake?

Put a @ around the correct answer.

Ca2+ 02-

(c) The calcium hydroxide is dropped into the lakes from helicopters.

It is in the form of a fine powder to make sure that the reaction is as fast as possible.

Use ideas about collisions to explain why fine powders react faster than larger pieces .

[1] 

[1] 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3] 

[Total: 5] 
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Discuss whether or not the results in the table support the ideas of Joe, Eve and Jay. 

/ The quality of written communication will be assessed in your answer.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [6] 

[Total: 6] 



9 Some 'green' buses use biodiesel fuel which is a fuel that has been made from waste fats 
and cooking oil. 

The fats and oils are esters. 

(a) Most oils are made by plants. Most fats are made by animals.

(i) What do plants use the oils for?
Put a@ around the best answer.

for energy to fight disease 

(ii) Animal fats are saturated.
Which of the molecules below is saturated?
Give a reason for your choice.

for growth for repair 

H H H H H H H H H H H H 0-H

I I I I I I I I I I I I I
H-C-C-C-C-C-C-C-C-C-C-C-C-C=O

I I I I I I I I I I I I 
H H H H H H H H H H H H 

molecule A 

H H H H H H H H H H H H H H 0-H 

I I I I I I I I I I I I I I I 
H-C-C-C=C-C-C=C-C-C=C-C-C-C-C-C-C-C-C=O

I I I I I I I I I I I I I I 
H H H H H H H H H H H  H H H

molecule B 

answer ............................ . 

[1] 

reason .............................................................................................................................. . 

...................................................................................................................................... [2] 



(b) The process for making biodiesel requires heating. Heat can be provided by burning
propane, C

3
H

8
.

When propane burns it reacts with the oxygen, 0
2
, in the air to make carbon dioxide and

water.

Fill in the boxes to complete the balanced symbol equation for burning propane. 

[2]



(c) The conversion of fats and oils into biodiesel needs a catalyst.
The usual catalyst is hot concentrated sodium hydroxide. 

Scientists are investigating a new catalyst. The new catalyst is an enzyme.

Here is some information about both catalysts.

Feature of enzyme 
Feature of hot concentrated sodium 
hydroxide 

speeds up reaction a lot speeds up reaction

easily damaged not easily damaged

needs warm conditions needs hot conditions

can be coated onto a solid surface mixed in with the products at the end

speeds up this reaction only speeds up other reactions of the esters
as well as this reaction

expensive very cheap

Evaluate both catalysts. Suggest which catalyst would be best and explain why.

/ The quality of written communication will be assessed in your answer.

.............................................................................................................................................. [6] 

[Total: 11] 



10 Fred investigates the acid CH3COOH.

(a) (i) Which part of the formula shows you that CH3COOH is a carboxylic acid?

Put a ring around the correct answer. 

co OH COOH 

(ii) The acid is a weak acid. What does this mean?

Put a tick(✓) in the box next to the correct answer.

Its formula contains carbon, hydrogen and oxygen. 

It is more dilute than acids such as hydrochloric acid. 

It is less reactive than acids such as hydrochloric acid. 

It is more runny than acids such as hydrochloric acid. 

□ 
□ 
□ 
□ 

[1] 

[1] 

(iii) Fred compares solutions of this weak acid with a strong acid of the same concentration.

How do the pH values of the two solutions compare?

Put a tick(✓) in the box next to the correct answer.

The weak acid has a higher pH. D 
The weak acid has the same pH. D 
The weak acid has a lower pH. D 
The weak acid has a much lower pH. D 

[1]



(b) (i) Fred reacts the acid with ethanol.

What type of substance is made? 

Put a tick(✓) in the box next to the correct answer. 

alcohol □ 
alkane □ 
ester □ 
fatty acid □ 

(ii) Fred calculates the theoretical yield for the reaction when he uses 6.0 g of the acid.
The table shows some of his working.

Complete his calculation.
[Relative atomic mass of H = 1, C = 12, 0 = 16]

Relative formula 
mass 

CH3COOH 60 Mass used= 6.0g 

CH3COOC2H
5 

Theoretical yield = ................................. g 

(c) (i) The reaction between acid and alcohol needs a catalyst.

What catalyst is used? 

[1] 

[2] 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [1] 

(ii) Use ideas about energy to explain why a catalyst speeds up a reaction .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [3] 

[Total: 10] 



11 In the Haber Process, nitrogen and hydrogen react to make ammonia, NH3.

(a) Write a balanced symbol equation for this reaction .

.............................................................................................................................................. [2] 

(b) State and explain the main use of ammonia .

.............................................................................................................................................. [2] 

(c) The reaction between nitrogen and hydrogen is reversible and can reach an equilibrium.
Ann heats some nitrogen and hydrogen with a catalyst in a closed container.
She plots a graph to show how the amount of ammonia made changes with time.

amount of 
ammonia 

made 

h 

I 

... 

, 

0 1 0 20 30 40 50 60 70 

time (minutes) 

(i) At what time does the amount made stop increasing?

...................................................................................................................................... [1] 

(ii) The amount made stops increasing when the reaction reaches equilibrium.
At this time the reaction to make ammonia is still taking place.

Explain why the reaction to make ammonia is still taking place but the amount made is
not increasing .

...................................................................................................................................... [3] 



(iii) Put a tick (✓) in the box next to the name of this type of equilibrium.

active equilibrium D 
dynamic equilibrium D 
fixed equilibrium D 
static equilibrium D 

[1] 

(d) In the Haber Process, most of the nitrogen and hydrogen has to be recycled to make the
process run efficiently.

nitrogen 
and 

hydrogen 7 
reaction 
vessel 

Lnitrogen and hydrogen recycled__J 

' 

ammonia removed 

Explain how and why this recycling affects the total yield of the reaction, and why so much 
has to be recycled . 

............................................................................................................................................. [3] 

[Total: 12] 



12 Ben uses paper chromatography to analyse the ink from his pen.

He puts the bottom of the paper in water and leaves it for a few hours.

The diagram shows his result.

solvent 

ink spot

at the start 

front 

Spot 1----

Spot 2----

(a) Calculate the Rf value for Spot 1.
Show your working.

water 

Rf for Spot 1 = ......................................................... [3] 



(b) Ben knows that chromatography depends on the attractions between the ink, the solvent and
the paper.

Explain why Spot 1 and Spot 2 end up in different places.

/ The quality of written communication will be assessed in your answer.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [6] 

(c) Thin-layer chromatography can be used instead of paper chromatography.

Give one similarity and one difference between the two methods .

............................................................................................................................................. [2] 



(d) A factory makes ink. The ink is made continuously throughout the day.
Chromatography is used to test samples of the ink.

Jane and Mike discuss how to take the samples. 

.....__ ___ 

Jane 

Take 10 samples at 9 am 
and 10 samples at 1 pm . 

Take a sample every 
hour. 

Explain who has the best approach . 

Mike 

.............................................................................................................................................. [3] 

[Total: 14] 



13 Mary investigates burning methane. 

She directs the flame onto the surface of a cold flask. 

(a) Where the flame touches the outside of the flask, droplets of liquid appear.

cold flask 

burning methane 

What is the liquid and where does it come from? 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [2]



(b) Mary wants to know the energy change when methane burns.

She writes out the equation to show all the chemical bonds.

H 

I 0 

H- C -H + 2 11

I 0 
H

0 
II 

➔ C
II
0

H 
I 

+ 2 0
I 
H 

(i) Complete the table to show how many of each type of bond are broken and how many
are made when methane reacts with the oxygen in the air.

Bonds broken Bonds made 

Type of bond 
Number 

Type of bond 
Number 

of bonds of bonds 

C-H

0=0 2 

[2] 

(ii) Use the table of bond energies to calculate the overall energy change when methane
burns.

Bond Energy to break the bond 
for a formula mass (kJ) 

C-H 435 

C=O 805 

H-H 436 

H-0 464 

0=0 498 

You must show your working. 

. ..................................................... kJ [3] 

[Total: 7] 



14 When chemical engineers design an industrial process, they make it as sustainable as possible. 

To make a process more sustainable, chemical engineers use: 

• renewable feedstock
• reactions with high atom economy.

Explain what the terms renewable and atom economy mean, and how each can make a process 
more sustainable. 

/ The quality of written communication will be assessed in your answer.

..................................................................................................................................................... [6] 

[Total: 6] 

END OF QUESTION PAPER 



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
� D JURXS���PRUH�UHDFWLYH�GRZQ�WKH�JURXS���JURXS���UHDFW�

IDVWHU�GRZQ�WKH�JURXS����

JURXS���PRUH�UHDFWLYH�GRZQ�WKH�JURXS���JURXS���UHDFW�
IDVWHU�GRZQ�WKH�JURXS����

JURXS���PRUH�UHDFWLYH�WKDQ�JURXS���� JURXS���UHDFW�IDVWHU�
WKDQ�JURXS������

� $FFHSW IRU���PDUNV�µ,Q�%27+�JURXSV�WKH�UHDFWLYLW\�LQFUHDVHV�
JRLQJ�GRZQ�WKH�JURXS¶

,JQRUH FRPSDULVRQ�EHWZHHQ�LQGLYLGXDO�PHWDOV�DORQH�

,JQRUH DQVZHUV�ZKLFK�RQO\�PHQWLRQ�WLPH�WDNHQ�

E 7))) � $OO�FRUUHFW� ����
��RU���FRUUHFW� ����
��FRUUHFW� ��

�

4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
� D 7R[LF���FRUURVLYH���UHVSLUDWRU\�SUREOHPV���LUULWDWHV�RU�

GDPDJHV�OXQJV�

JDV�

� $OORZ SRLVRQRXV
,JQRUH KDUPIXO���KD]DUGRXV���GDQJHURXV���FDQ�NLOO

$OORZ YDSRXU

E ,� ���.%U������

)RU�����PDUN
DW�OHDVW�RQH�IRUPXOD�FRUUHFW��,� ��.%U���

� $OORZ %U.

)RUPXODH�DQG�EDODQFLQJ�IXOO\�FRUUHFW� ����

F
>/HYHO��@
/LQNV�WZR�UHDFWLRQV�ZLWK�UHDFWLYLW\�DQG�FRUUHFW�
REVHUYDWLRQV�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�GRHV�QRW�LPSHGH�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
/LQNV�D�UHDFWLRQ�WR�HLWKHU�WKH�FRUUHFW�REVHUYDWLRQ�RU�WR�

� 7KLV�TXHVWLRQ�LV�WDUJHWHG�DW�JUDGHV�XS�WR�$
,QGLFDWLYH�VFLHQWLILF�SRLQWV�PD\�LQFOXGH�
2EVHUYDWLRQV
x .)��DQG�.&O��QR�FKDQJH���DFFHSW�\HOORZ�RU�JUHHQ�

FRORXU�VHHQ��GXH�WR�FKORULQH��
x .%U�RUDQJH���EURZQ���\HOORZ�EURZQ���UHG�EURZQ�

�LJQRUH \HOORZ�RU�UHG�DORQH�
x .,�JUH\�FRORXU�DFFHSW EURZQ��LJQRUH YLROHW�SXUSOH�

,JQRUH VWDWHV��ORRN�IRU�FRORXUV�DORQH



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
UHDFWLYLW\�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�SDUWO\�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
0DNHV�D�FRUUHFW�VWDWHPHQW�DERXW�REVHUYDWLRQV��UHDFWLRQV�
RU�UHDFWLYLW\��
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
,QVXIILFLHQW�RU�LUUHOHYDQW�VFLHQFH��$QVZHU�QRW�ZRUWK\�RI�
FUHGLW�

���PDUNV�

4:&�LV�LPSHGHG�LI�RWKHU�LQFRUUHFW�REVHUYDWLRQV�JLYHQ�H�J��
SUHFLSLWDWHV�RU�LQFRUUHFW�FRORXUV�IRU�HOHPHQWV��LJQRUH�
EURPLQH�UHG�RU�\HOORZ�DQG�LRGLQH�YLROHW�RU�SXUSOH�

5HDFWLRQV�
x 1R�UHDFWLRQ�ZLWK�.)��DQG�.&O�
x 5HDFWLRQ�RFFXUV�ZLWK�.%U��PD\�EH�LPSOLHG�LI�

REVHUYDWLRQV�DUH�JLYHQ�
x 5HDFWLRQ�RFFXUV�ZLWK�., �PD\�EH�LPSOLHG�LI�

REVHUYDWLRQV�DUH�JLYHQ�

$OORZ�/HYHO���RQO\ IRU�QR�UHDFWLRQ�EHWZHHQ�FKORULQH�DQG�
SRWDVVLXP�FKORULGH�

5HDFWLYLW\
x &O� OHVV�UHDFWLYH�WKDQ�)����FDQQRW�GLVSODFH�)�

x &O��PRUH�UHDFWLYH�WKDQ�%U����FDQ�GLVSODFH�%U�
x &O��PRUH�UHDFWLYH�WKDQ�,����� FDQ�GLVSODFH�,�
x 5HDFWLYLW\�JHWV�OHVV�GRZQ�WKH�JURXS

4:&�LV�LPSHGHG LI�µFKORULQH¶�LV�FRQIXVHG�ZLWK�µFKORULGH¶ HWF�

8VH�WKH�/���/���/� DQQRWDWLRQV�LQ�6FRULV��GR�QRW�XVH�
WLFNV�

7RWDO ��



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
� D 6FLHQWLVW���DQG�VFLHQWLVW�������

6FLHQWLVW���LV�HYDOXDWLQJ�MXGJLQJ�DQDO\VLQJ��FULWLFLVLQJ�
0HQGHOHHY¶V�ZRUN����

6FLHQWLVW���LV�FKHFNLQJ�UHSHDWLQJ�DQRWKHU�VFLHQWLVW¶V�
ZRUN�FKHFNLQJ�UHVXOWV�ORRN�IRU�UHSHDWDELOLW\�����

�

,JQRUH µUHYLHZLQJ¶��LQ�WKH�4�
$OORZ µJLYH�IHHGEDFN¶
,JQRUH µWDONLQJ�DERXW¶�µGLVFXVVLQJ¶��QRW�HQRXJK�

$OORZ µGR�WKH�VDPH�H[SHULPHQW¶���µUHSHDW�WKH�H[SHULPHQW¶

E ��IURP�
0HQGHOHHY��OHIW�JDSV�IRU�XQGLVFRYHUHG�HOHPHQWV��
PDGH�SUHGLFWLRQV�DERXW�SURSHUWLHV�

6FLHQWLVWV��,GHD�RI�ILWWLQJ�PDWFKLQJ��LQ�WKH�JDSV��

,GHD�WKDW�SURSHUWLHV RI�QHZ�HOHPHQWV�DJUHH�ZLWK�RU�VXSSRUW�
0HQGHOHHY¶V�SUHGLFWLRQV�

�

,JQRUH µJRHV�LQ�WKH�JDSV¶��LQ�WKH�4�

$OORZ H[DPSOH�RI�D�SURSHUW\�WKDW�PDWFKHG

�



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
� D ER[�������

ER[�������

�

E

DV�WKH�5)0�LQFUHDVHV�WKH�%3�LQFUHDVHV�

EXW�WKLV�ZRUNV�IRU���JDVHV���1� 2� DQG�&2��

ZDWHU�GRHV�QRW�ILW�

�EHFDXVH�ZDWHU�%3�LV��WRR�KLJK�� KDV�D�KLJKHU�%3��WKDQ�
WKH�RWKHUV�ˋKDV�WKH�ORZHVW�IRUPXOD�PDVV�KDV�WKH�KLJKHVW�
%3�

� $Q\��

,JQRUH µ\HV¶�RU�µQR¶

,JQRUH µFRUUHODWLRQ¶��LQ�WKH�4�

F WKH�UHODWLYH�PDVVHV�DQG�SHUFHQWDJHV�IROORZ�D�VLPLODU�
SDWWHUQ���WKH�ELJJHU�WKH�PDVV�WKH�ORZHU�WKH�SHUFHQWDJH���
UHODWLYH�PDVVHV�DQG�SHUFHQWDJHV�DUH�OLQNHG�

EXW�RQH�LV�QRW�D�GLUHFW�UHVXOW�RI�WKH�RWKHU���LW�LV�D�
FRLQFLGHQFH���QR�FDXVDO�OLQN���QR�PHFKDQLVP�LV�NQRZQ�

� 03��UHIHUV�WR�WKH�GDWD�LQ�WKH�WDEOH
,JQRUH PDVVHV�DQG�SHUFHQWDJHV�VKRZ�D�FRUUHODWLRQ��LQ�WKH�4�

$FFHSW RQH�LV�QRW�FDXVHG�E\�WKH�RWKHU���ERWK�FRXOG�EH�FDXVHG��
E\�DQRWKHU��KLGGHQ��IDFWRU
$OORZ JHQHUDO�GHVFULSWLRQ�RI�µFDXVH¶�IRU�03�

�



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
� D L FDUERQ�LV�R[LGLVHG�$1' FRSSHU��R[LGH��LV�UHGXFHG� � ERWK�DQVZHUV�IRU���PDUN

LL FDUERQ�GLR[LGH��PXVW�EH�QDPH� � 'R�QRW�DOORZ &2�

E L $Q\��

&RVW�WR�FRPSDQ\��VDYHV�RU�XVHV�OHVV�IXHO�HOHFWULFLW\��
H[DPSOH�RI�IXHO�

(QYLURQPHQWDO���HQHUJ\�FRPHV�IURP�IRVVLO�IXHOV���QRQ�
UHQHZDEOH�RU�ILQLWH�IXHOV�

UHGXFLQJ�SROOXWDQW�JDVHV���UHGXFHV�HPLVVLRQV���
UHGXFHV�QDPHG�SROOXWDQW�JDV�H�J��62[��12[��&2[��

QDPHG�HQYLURQPHQWDO�HIIHFW�RI�JDVHV��H�J��DFLG�UDLQ��
JUHHQKRXVH�HIIHFW�FOLPDWH�FKDQJH��

� ,JQRUH µOHVV�FRVW¶�RU�µOHVV�SROOXWLRQ¶�DORQH�

,JQRUH µXVHV�OHVV�SRZHU¶
,JQRUH�µUHGXFHV�FRVW�RI�IXHO¶��QRW�HQRXJK�

$OORZ��µ6DYLQJ�IRVVLO�IXHOV¶�����PDUNV�IRU�FRVW�WR�FRPSDQ\�DQG�
HQYLURQPHQW

,JQRUH µJLYHV�RXW�OHVV�JDVHV¶�RU�µOHVV�ZDVWH¶�
EXW�DOORZ µOHVV�ZDVWH JDVHV¶

LL DQ\���IURP�
MREV��LQFRPH�

XVH�RI�PHWDOV�IRU�SURGXFWV���H[DPSOH�RI�PHWDO�XVH�
�H�J��FDUV�IULGJHV�HWF���

LGHD�RI�ORFDO�HFRQRP\�

LGHD�RI�QDWLRQDO�HFRQRP\�

DGYDQWDJH�RI�ODUJH�VFDOH��WUDQVSRUW�OLQNV�WR�RQH�DUHD���
FRQWURO�RI�ZDVWH�LV�LQ�RQH�DUHD���HFRQRP\�RI�VFDOH�
LGHD���PRUH�HFRQRPLF�WR�H[WUDFW�RQ�D�ODUJH�VFDOH���
ORZHU�HQHUJ\�FRVWV�RQ�D�ODUJH�VFDOH���ODUJH�VFDOH�FDQ�
XVH�FRQWLQXRXV�QRW�EDWFK�SURFHVVHV�

�

,JQRUH µWR�PHHW�GHPDQG¶�RU�µQHHG�PHWDOV¶�RU�µXVH�D�ORW�RI�PHWDOV¶�
DORQH��QRW�HQRXJK�

$OORZ ��PDUN�IRU�µHFRQRP\¶�DORQH�

03��PXVW�EH�OLQNHG�WR�LGHD�RI�ODUJH�VFDOH�H[WUDFWLRQ



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
F

>/HYHO��@
/LQNV�UHDFWLYLW\ ZLWK�WKH�PHWKRG�XVHG DQG�WR�
HQHUJ\�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�GRHV�QRW�LPSHGH�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
0DNHV�D�OLQN�EHWZHHQ�WUHQGV�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�SDUWO\�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
0DNHV�D�FRUUHFW�VWDWHPHQW�DERXW�WKH�GDWD�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
,QVXIILFLHQW�RU�LUUHOHYDQW�VFLHQFH��$QVZHU�QRW�ZRUWK\�
RI�FUHGLW�

���PDUNV�

� 7KLV�TXHVWLRQ�LV�WDUJHWHG�DW�JUDGHV�XS�WR�&
,QGLFDWLYH�VFLHQWLILF�SRLQWV�PD\�LQFOXGH�
/HYHO�����/LQNV�UHDFWLYLW\�DQG�PHWKRG�DQG�HQHUJ\�
x 0RUH�UHDFWLYH�PHWDOV�XVH�HOHFWURO\VLV�ZKLFK�XVHV�KLJK�HQHUJ\���

WKH�PRUH�UHDFWLYH�D�PHWDO�WKH�PRUH�HQHUJ\�LV�QHHGHG�DQG�
HOHFWURO\VLV�LV�XVHG

x /HVV�UHDFWLYH�PHWDOV�XVH�H[WUDFWLRQ�ZLWK�FDUERQ�ZKLFK�XVHV�
OHVV�HQHUJ\���WKH�OHVV�UHDFWLYH�D�PHWDO�WKH�OHVV�HQHUJ\�LV�
QHHGHG�DQG�KHDWLQJ�ZLWK�FDUERQ�LV�XVHG

/HYHO�����/LQN�EHWZHHQ�WUHQGV�
x /LQNV�UHDFWLYLW\�WR�PHWKRG�RI�H[WUDFWLRQ
x /LQNV�UHDFWLYLW\�WR�WHPSHUDWXUH�QHHGHG
x /LQNV�UHDFWLYLW\�WR�HQHUJ\�QHHGHG�
x /LQNV�WHPSHUDWXUH�QHHGHG�WR�PHWKRG�RI�H[WUDFWLRQ
x /LQNV�WHPSHUDWXUH�WR�HQHUJ\
x /LQNV�PHWKRG�XVHG�WR�HQHUJ\

/HYHO�����GDWD�
x &D�0J�$O�DUH�PRVW�UHDFWLYH�PHWDOV
x =Q��)H��3E�&X�DUH�OHVV�UHDFWLYH�PHWDOV
x &D�0J�$O�QHHG�D�KLJK�WHPSHUDWXUH��IRU�H[WUDFWLRQ�
x =Q��)H��3E�&X�QHHG�D�ORZHU�WHPSHUDWXUH��IRU�H[WUDFWLRQ�
x &D�0J�$O�XVH�HOHFWURO\VLV
x =Q��)H��3E�&X�XVH�KHDWLQJ�ZLWK�FDUERQ
x 0J�RU�$O�GRHV�QRW�ILW�WKH�WUHQG�

,JQRUH�UHIHUHQFHV�WR�PHOWLQJ�SRLQW
6WDWHPHQWV�DERXW�RQH�PHWDO�DORQH�LQGLFDWH�OHYHO��

7RWDO ��



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
� D VXOIXULF�DFLG�$1'��+�62������

ZDWHU�$1'�+�2����

� ,JQRUH µK\GURJHQ�VXOIDWH¶

E L ����J������ � $FFHSW�����DORQH

LL �����J�������NJ�����

8VHV������LQ�FDOFXODWLRQ��������J� ���NJ����
����RU������ZLWK�QR�XQLWV�RU�LQFRUUHFW�XQLWV����

� $QVZHU�ZLWK�XQLWV����

$OORZ�HFI IRU�LQFRUUHFW�DQVZHU�WR�E��L�

LLL �����J�

������J

�

LY UHIHUV�WR�WDEOH��UHODWLYH�IRUPXOD��PDVV�RI�&X62��

DSSUR[LPDWHO\�WZLFH��UHODWLYH�IRUPXOD��PDVV�RI�&X2���
PDVV�RI�&X2�LV�KDOI�PDVV�RI�&X62� ��JLYHV�����UDWXL�
LGHD���JLYHV�H[DPSOH�PDVVHV�H�J����J�&X2�VKRXOG�
PDNH�����J�&X62��

UHIHUV�WR�JUDSK� \LHOG�RI�FRSSHU�VXOIDWH�RQ�JUDSK�LV�WRR�
KLJK���OLQH�RQ�JUDSK�WRR�KLJK��PRUH�WKDQ�GRXEOH���
UHDGV�YDOXHV�IURP�JUDSK�H�J�����J�\LHOG�FRPSDUHG�WR�
�����J�\LHOG�RU�����J�JLYHV����J���
FDOFXODWHV�UDWLR�RU�JUDGLHQW�IURP�JUDSK�WR�JLYH�
DSSUR[LPDWHO\�����UDWLR�

� $OORZ HFI�IRU�LQFRUUHFW�IRUPXOD�PDVVHV LQ�LLL

�



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
� D +� �

E 2+� �
F PRUH�VXUIDFH�DUHD��

LGHD�WKDW�PRUH�FROOLVLRQV�RFFXU��EHWZHHQ�SDUWLFOHV�RI�
DFLG�DQG�FDOFLXP K\GUR[LGH��

�FROOLVLRQV�DUH«����PRUH�IUHTXHQW��PRUH�SHU�XQLW�WLPH���
�FROOLGH��PRUH�RIWHQ�

�

$OORZ µPRUH�FKDQFH�RI�FROOLVLRQV¶�IRU�03��RQO\
,JQRUH µIDVWHU�FROOLVLRQV¶
'R�QRW�DOORZ FROOLVLRQV�EHWZHHQ�LQFRUUHFW�SDUWLFOHV�H�J��DWRPV���
FROOLVLRQV�EHWZHHQ�WKH�VDPH�UHDFWDQW�DORQH

µPRUH�IUHTXHQW�FROOLVLRQV¶�2:77(����

�

4XHVWLRQ $QVZHU 0DUNV *XLGDQFH

� -RH¶V�LGHD��*S��DQG�*S��GR�QRW�ZRUN
(YH¶V�LGHD��GHSHQGV�RQ���LRQ
-D\¶V�LGHD��GHSHQGV�RQ�± LRQ

>/HYHO��@
&RUUHFWO\�VWDWHV�WKDW�WKH�LGHDV�RI�-RH�DQG�(YH�DUH�
FRUUHFW�DQG�-D\�LV�LQFRUUHFW�
DQG JLYHV�UHDVRQV�IRU�WZR�SHRSOH�DQG LGHQWLILHV�
FRQWURO�IRU�-RH
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�GRHV�QRW�LPSHGH�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
&RUUHFWO\�VWDWHV�WKDW�WKH�LGHDV�RI�-RH�DQG�(YH�DUH�
FRUUHFW�DQG�-D\�LV�LQFRUUHFW�
DQG JLYHV�D�UHDVRQV�IRU�RQH�SHUVRQ�

� 7KLV�TXHVWLRQ�LV�WDUJHWHG�DW�JUDGHV�XS�WR�$

,QGLFDWLYH�VFLHQWLILF�SRLQWV�PD\�LQFOXGH�

/HYHO����&RQWURO
x -RH��FRPSDUHV�JURXS���DQG�JURXS���WR�QR�FDWDO\VW��WLPHV�RU�

UDWH�WKH�VDPH�DV�QR�FDWDO\VW

,GHDV�DQG�UHDVRQV��/HYHO����OHYHO����OHYHO���
-RH�
x -RH¶V�LGHD�LV�FRUUHFW�GRQ¶W�ZRUN�DW�FDWDO\VWV
x *URXS���DQG�JURXS���UHDFWLRQ�WLPHV�DOO�WKH�VDPH�WDNH���V���

JLYHV�VDPH�UDWH���GRHV�QRW�VSHHG�XS
x 1D��.� DQG�0J���DOO�WKH�VDPH���WDNH������V��DFFHSW�WKDW�0J��

LV�VORZHU�DW���V�LGHD��



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH

4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�SDUWO\�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
&RUUHFWO\�VWDWHV�WKDW�WKH�LGHDV�RI�-RH�DQG�(YH�DUH�
FRUUHFW�DQG�-D\�LV�LQFRUUHFW�
25�FRUUHFWO\�VWDWHV�ZKHWKHU�RQH�SHUVRQ�LV�FRUUHFW�DQG
JLYHV�D�UHDVRQ�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

>/HYHO��@
,QVXIILFLHQW�RU�LUUHOHYDQW�VFLHQFH��$QVZHU�QRW�ZRUWK\�RI�
FUHGLW�
���PDUNV�

(YH
x (YH¶V�LGHD�LV�FRUUHFW���LURQ�DFWV�DV�D�FDWDO\VW
x 8VLQJ�)H�� UHGXFHV�UHDFWLRQ�WLPH���JLYHV�IDVWHU�UHDFWLRQ�
-D\
x -D\¶V�LGHD�LV�LQFRUUHFW��FKORULGH�DQG�QLWUDWH�GRQ¶W�ZRUN�DV�

FDWDO\VWV
x FKORULGHV�WKH�VDPH�DV�QLWUDWHV�

8VH�WKH�/���/���/��DQQRWDWLRQV�LQ�6FRULV��GR�QRW�XVH�WLFNV�

7RWDO �



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
D L HQHUJ\ �

LL $�>QR�PDUNV@
GLVFXVVHV�ERQGV�EHWZHHQ�FDUERQV� ��

2QO\ VLQJOH�ERQGV�EHWZHHQ�FDUERQV� ��
1R GRXEOH�ERQGV�EHWZHHQ�FDUERQV� ��

0D[LPXP�QXPEHU�RI�K\GURJHQV�WR�FDUERQV� ��

� ,I�WKH\�FKRRVH�%��PD[���PDUN

,JQRUH FRPPHQWV�DERXW�µVDWXUDWLRQ¶�>VWHP@
,JQRUH�µGRXEOH�ERQGV¶

E &�+� ���2� Î �&2� �����+�2

)RUPXODH�FRUUHFW��������>��PDUN@
>&RUUHFW�IRUPXODH@�EDODQFHG����>��PDUN@

� DFFHSW�PXOWLSOHV
,JQRUH�VWDWH�V\PEROV

F /HYHO��
'LVFXVVHV�SURSHUWLHV�IURP�WKH�WDEOH�
([SODLQV�DGYDQWDJHV�RU�GLVDGYDQWDJHV��LQFOXGLQJ�RQH�
FRUUHFW�OHYHO���UHVSRQVH��DQG�FRPHV�WR�D�FRQFOXVLRQ�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�GRHV�QRW�LPSHGH�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�
/HYHO��
'LVFXVVHV�SURSHUWLHV�IURP�WKH�WDEOH�
([SODLQV�DW�OHDVW�RQH�DGYDQWDJH�RU�GLVDGYDQWDJH��DQG�
FRPHV�WR�D�FRQFOXVLRQ�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�SDUWO\�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�
/HYHO��
$QVZHUV�LQ�WHUPV�RI�WKH�SURSHUWLHV�IURP�WKH�WDEOH��DQG�
FRPHV�WR�D�FRQFOXVLRQ�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

� 7KLV�TXHVWLRQ�LV�WDUJHWHG�DW�JUDGHV�XS�WR�$
,QGLFDWLYH�VFLHQWLILF�SRLQWV�PD\ LQFOXGH�
)URP�WKH�SRLQW�RI�YLHZ�RI�OLSDVH�
/HYHO��

x >FRDWHG�RQ�VROLG@�± FDQ�EH�UHFRYHUHG����VHSDUDWHG
x >VSHHGV�XS�WKLV�UHDFWLRQ�RQO\@�± IHZHU�VLGH�

UHDFWLRQV��OHVV�ZDVWH��OHVV�SXULILFDWLRQ�QHHGHG
/HYHO��

x >GDPDJH@�� QDWXUH RI�GDPDJH�>HQ]\PH�GHQDWXUHG@
x >GDPDJH@��±FRQVHTXHQFH >QHHGV�PRUH�WLJKWO\�

FRQWUROOHG�FRQGLWLRQV����HQ]\PH�GRHVQ¶W�ODVW�DV�
ORQJ���QHHGV�WR�EH�UHSODFHG�PRUH�RIWHQ@

x >ZDUP@�± ORZHU�HQHUJ\���FRVWV���,JQRUH PRUH�ULVN\���
,JQRUH PRUH�HDVLO\�PDGH

x >HQ]\PH�VSHHGV�XS�WKLV�UHDFWLRQ�RQO\@�± UHDOLVHV�
WKLV�LV�DQ�DGYDQWDJH

x >FRVW@�± MXVWLILHG�E\�JUHDWHU�SURGXFWLYLW\
/HYHO��

x >VSHHG@��� HQ]\PH�YHU\�IDVW�

9



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
/HYHO��
,QVXIILFLHQW�RU�LUUHOHYDQW�VFLHQFH��$QVZHU�QRW�ZRUWK\�RI�
FUHGLW�

���PDUNV�

x >GDPDJH@�± HQ]\PH�HDVLO\�GDPDJHG
x (Q]\PH�ZDUP�FRQGLWLRQV��
x HWF

,I�RQH�FRUUHFW�/��DQG�RQH�LQFRUUHFW�/���4:&�LPSHGHG
,I�RQH�FRUUHFW�/��DQG�WKHQ�/��UHVSRQVHV�RQO\��OHYHO��

LQFRUUHFW /�	��UHVSRQVHV��LJQRUH���RQO\�PDUN�WKH�
FRUUHFW�PDWHULDO

$FFHSW�UHYHUVH�DUJXPHQWV�IRU�VRGLXP�K\GUR[LGH
&RQFOXVLRQ�PXVW�EH�SUHVHQW�WR�JDLQ�WKH�KLJKHU�PDUN�LQ�
DQ\�OHYHO�

8VH�WKH�/���/���/��DQQRWDWLRQV�LQ�6FRULV��GR�QRW�XVH�
WLFNV��

7RWDO ��

4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
10 D L &22+ �

LL LWV�IRUPXOD�FRQWDLQV�FDUERQ��K\GURJHQ�DQG�R[\JHQ
LW�LV�PRUH�GLOXWH�WKDQ�DFLGV�VXFK�DV�K\GURFKORULF�
LW�LV�OHVV�UHDFWLYH�WKDQ�DFLGV�VXFK�DV�K\GURFKORULF� 9

LW�LV�PRUH�UXQQ\�WKDQ�DFLGV�VXFK�DV�K\GURFKORULF�

�

LLL D�ZHDN�DFLG�KDV�D�KLJKHU�S+ 9

D�ZHDN�DFLG�KDV�WKH�VDPH�S+
D�ZHDN�DFLG�KDV�D�ORZHU�S+
D�ZHDN�DFLG�KDV�D�PXFK�ORZHU�S+

�

E L DOFRKRO
DONDQH
HVWHU 9

HWKHU

�



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
E LL ���������������� � HFI�LI�VHFRQG�QXPEHU�LV�����WK RI�ILUVW
F L µVWURQJ�DFLG¶ ���QDPHG�VWURQJ�DFLG � DFFHSW�
GLOXWH¶�QDPHG�VWURQJ�DFLG�DV�WKH�FRQFHQWUDWLRQ�LV�

QRW�RQ�WKH�VSHF
LJQRUH�µDFLG¶��RU��µFRQFHQWUDWHG�DFLG¶
LJQRUH�µHQ]\PH¶

F LL ORZHU�>HQHUJ\���HQHUJ\�KXPS@
WKLV�HQHUJ\�LV�WKH�DFWLYDWLRQ HQHUJ\
DOWHUQDWLYH�SDWKZD\

� µPHDQV�OHVV�DFWLYDWLRQ�HQHUJ\�QHHGHG�IRU�UHDFWLRQ¶� ���
PDUNV
µPRUH�HQHUJ\¶�LV�&21�IRU�ILUVW�PDUN
LJQRUH FRPPHQWV�DERXW�VXUIDFH�DUHD�RU�LQFUHDVHG�UDWH�RI�
FROOLVLRQ��FDWDO\VWV

7RWDO ��



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
11 D 1� ���+� ҡ �1+�

)RUPXODH�FRUUHFW� ��
>&RUUHFW�IRUPXODH@�EDODQFHG� ��

� HTXLOLEULXP�VLJQ�RSWLRQDO��
DFFHSW�µ ¶�DV�DOWHUQDWLYH�WR�Î
DFFHSW�PXOWLSOHV

E IHUWLOLVHU
GHWDLO�± IRU�SODQWV���FURSV��IRRG�VXSSO\�

� µWR�KHOS�JURZWK�DQG�NLOO�SHVWV¶�&21�IRU��QG PDUN
,JQRUH DV�D�VRXUFH�RI�QLWUDWHV
,JQRUH RWKHU�XVHV

F L ������>PLQXWHV@� �
LL 'LVFXVVHV�UHYHUVH�UHDFWLRQ�>�@

8QGHUVWDQGV�WKDW�ERWK�UHDFWLRQV�KDSSHQ�DW�WKH�VDPH�
WLPH�>�@

DW�VDPH�UDWH�VSHHG� ��

� WKH�UHDFWLRQ�LV�UHYHUVLEOH���DPPRQLD�LV�EURNHQ�GRZQ� ��

7KH�³VDPH�WLPH´�SRLQW�PD\�EH�E\�LPSOLFDWLRQ
)RUZDUG�DQG�EDFNZDUG�UHDFWLRQ�RFFXU� ��
DPPRQLD�LV�PDGH�DQG�EURNHQ�GRZQ� ���
ERWK�UHDFWDQWV�DQG�SURGXFWV�DUH�UHDFWLQJ� ��

)RUZDUG�DQG�EDFNZDUG�UHDFWLRQV�FDQFHO�RXW� �ILUVW�������
PDUNLQJ�SRLQWV�RQO\

,JQRUH µG\QDPLF�HTXLOLEULXP¶
LLL DFWLYH�HTXLOLEULXP

G\QDPLF�HTXLOLEULXP
IL[HG�HTXLOLEULXP
VWDWLF�HTXLOLEULXP

�

G QRW�DOO�QLWURJHQ�DQG�K\GURJHQ�UHDFW���VR�PRUH�FDQ�UHDFW�

FRPPHQW�RQ�KRZ�OLWWOH�UHDFWV���ORZ�HIILFLHQF\���LQLWLDO�
\LHOG�ORZ�

LQFUHDVH�>\LHOG@���PRUH�DPPRQLD

� LJQRUH�µUHF\FOHG¶�>VWHP@

µRQO\�D�VPDOO�DPRXQW�UHDFWV¶� ��
,I���\LHOG�TXRWHG��DFFHSW�DQ\WKLQJ�EHORZ�����

7RWDO ��



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
12 D ����>��PDUNV@ � ,I�QRW�FRUUHFW��PD[LPXP RI���PDUNV�IURP

5I� �VSRW�GLVWDQFH�VROYHQW�GLVWDQFH� ���PDUN

/RRN�IRU�WKH�QXPEHUV���$1'������WR����� ���PDUN

����WR����� >���PDUNV@
�

6SHFLDO�FDVH�RQH�PDUN�DQVZHU
���� >���PDUN@
���

$FFHSW�PHDVXUHPHQWV�LQ�PP
E /HYHO��

0DNHV�VXLWDEOH�FRPSDULVRQ�RI�DWWUDFWLRQV�RI�ERWK�VSRWV�
ZLWK�ERWK�SKDVHV
/LQNV�WKDW�FRPSDULVRQ�WR�PRYHPHQW�RI�VSRWV�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�GRHV�QRW�LPSHGH�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�
/HYHO��
0DNHV�VXLWDEOH�FRPSDULVRQ�RI�DWWUDFWLRQV�RI�HDFK�VSRW�
ZLWK�RQH SKDVH�RQO\��/LQNV�WKDW�GLIIHUHQFH�WR�PRYHPHQW�
RI�VSRW�
25
0DNHV�VXLWDEOH�FRPSDULVRQ�RI�DWWUDFWLRQV�RI�RQO\�RQH�
VSRW�ZLWK�HDFK�SKDVH��/LQNV�WKDW�GLIIHUHQFH�WR�
PRYHPHQW�RI�VSRW�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�SDUWO\�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�
/HYHO��

� 7KLV�TXHVWLRQ�LV�WDUJHWHG�DW�JUDGHV�XS�WR�$�

,QGLFDWLYH�VFLHQWLILF�SRLQWV�PD\�LQFOXGH�
/HYHO���PLQLPXP�UHVSRQVH

x >6SRW��@�PRUH DWWUDFWHG�WR�PRELOH�SKDVH $1'�
>VSRW��@ PRUH DWWUDFWHG�WR�VWDWLRQDU\�SKDVH��
WKHUHIRUH�>6SRW��@�PRYHV�IXUWKHU

/HYHO���PLQLPXP�UHVSRQVH
x >6SRW��@ PRUH DWWUDFWHG�WR�PRELOH�SKDVH�WKHUHIRUH�

PRYHV�IXUWKHU�
x >6SRW��@�PRUH DWWUDFWHG�WR�VWDWLRQDU\�SKDVH�

WKHUHIRUH�PRYHV�OHVV

/HYHO��
x >VSRW��@�LV�DWWUDFWHG�WR�WKH�PRELOH�SKDVH
x >VSRW��@�LV�DWWUDFWHG�WR�WKH�VWDWLRQDU\�SKDVH

$W�OHYHO��	��LI�QRW�OLQNHG�WR�PRYHPHQW��4:&�LPSHGHG



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
'LVFXVVHV�DWWUDFWLRQV�RI�DW�OHDVW�RQH�VSRW�ZLWK�DW�OHDVW�
RQH�SKDVH�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�
/HYHO��
,QVXIILFLHQW�RU�LUUHOHYDQW�VFLHQFH��$QVZHU�QRW�ZRUWK\�RI�
FUHGLW�

���PDUNV�

$FFHSW µWKH�VSRW�WKDW�PRYHV�IXUWKHU¶� �6SRW��
$FFHSW µPRYHV�IDVWHU¶�LQVWHDG�RI�µPRYHV�IXUWKHU¶

$FFHSW µVROYHQW¶�RU�µOLTXLG¶�LQVWHDG�RI�µPRELOH�SKDVH¶��DQG�
µSDSHU¶�LQVWHDG�RI�µVWDWLRQDU\�SKDVH¶

6SRW���PD\�OLNH��SUHIHU��IDYRXUV���KDV�DIILQLW\�IRU WKH�
PRELOH�SKDVH�PRUH�± 4:&�LPSHGHG
,JQRUH VSHQGV�PRUH�WLPH�LQ�WKH�PRELOH�SKDVH
,JQRUH UHIHUHQFH�WR�DWWUDFWLRQV�EHWZHHQ�WKH�VSRW�DQG�WKH�

LQN
,JQRUH HTXLOLEULXP�DUJXPHQWV��WKH�TXHVWLRQ�LV�DERXW

DWWUDFWLRQV

8VH�WKH�/���/���/��DQQRWDWLRQV�LQ�6FRULV��GR�QRW�XVH�
WLFNV�

F VLPSOH�VLPLODULW\�
%RWK�XVH�D�OLTXLG���VROYHQW�>DV�WKH�PRELOH�SKDVH@���VDPH�
PRELOH�SKDVH

VLPSOH�GLIIHUHQFH
LGHD�WKDW�D�GLIIHUHQW�VROLG��VWDWLRQDU\�SKDVH�LV�XVHG
>WOF@�VROLG�LV�PRXQWHG�RQ�D�JODVV�RU�SODVWLF�SODWH
>WOF@�TXLFNHU�

� ,JQRUH µXVHV�WKH�VDPH�PHWKRG¶
,JQRUH µERWK�KDYH�D�PRELOH�SKDVH�DQG�D�VWDWLRQDU\�
SKDVH¶�>LH�WKLV�LV�D�JHQHUDO�VWDWHPHQW�DERXW�
FKURPDWRJUDSK\�@

$FFHSW µ>WOF@�XVHV�VLOLFD�JHO¶

G $Q\�WKUHH�SRLQWV�IURP

>-DQH@
JLYHV�IHHGEDFN�RQ�WKH�WHFKQLTXH�
LGHD�RI�DFFXUDWH���UHSURGXFLEOH���UHOLDEOH
FDQ�WDNH�DQ�DYHUDJH
UHPRYH�RXWOLHUV

�
0DUNV�IRU�DUJXPHQWV�RQO\

$UJXPHQWV�PD\�EH�LQ�UHYHUVH�H�J��-DQH¶V�PHWKRG�GRHV�
QRW�VKRZ�XS�FKDQJHV�DV�VRRQ�DV�WKH\�KDSSHQ



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH

>0LNH@
*LYHV�FKHFNV�WKURXJKRXW�WKH�GD\���UHJXODU�FKHFN��
FRQWLQXRXV
6KRZV�XS�LI�D�GULIW���SDWWHUQ���FKDQJH�ZLWK�WLPH
6KRZV�XS�LI�D�VXGGHQ�FKDQJH���SUREOHP

,JQRUH�µ6DPSOH�WDNHQ�HYHU\�KRXU¶�>VWHP@

7RWDO ��

4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
13 �D� :DWHU���+�2

>PDGH�LQ@�WKH�UHDFWLRQ�RI�PHWKDQH���EXUQLQJ�PHWKDQH���
PHWKDQH�FRQWDLQV�K\GURJHQ

� ZDWHU�FRPHV�IURP�WKH�PHWKDQH� ���>IRU�WKH�ZDWHU�SRLQW@
ZDWHU��EHFDXVH�K\GURJHQ�UHDFWV�ZLWK�R[\JHQ� ��

DFFHSW�K\GURFDUERQ�DV�DOWHUQDWLYH�WR�PHWKDQH

LJQRUH µFRQGHQVDWLRQ¶
E L &�+�� �� & 2�� ��

>2 2�� ��@ 2�+��� ��
� /HIW�KDQG�FROXPQ� ��

5LJKW�KDQG�FROXPQV� ��

ERQGV�FDQ�EH�ZULWWHQ�HLWKHU�ZD\�URXQG��HJ�&�+�RU�+�&
5LJKW�KDQG�ERQGV�LQ�HLWKHU�RUGHU�>EXW�QXPEHUV�PXVW�
PDWFK�@

LL $QVZHU� ������>��PDUNV@ � ,I�QRW FRUUHFW��ORRN�IRU

$QVZHU� �����>��PDUNV@

8VH�RI������RU������>��PDUN@

7RWDO �



4XHVWLRQ $QVZHU 0DUNV *XLGDQFH
14 /HYHO��

([SODLQV�HDFK�WHUP�DQG�OLQNV�DW�OHDVW�RQH�WR�
VXVWDLQDELOLW\
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�GRHV�QRW�LPSHGH�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

/HYHO��
([SODLQV�HDFK�WHUP�ZLWKRXW�UHIHUHQFH�WR�VXVWDLQDELOLW\��
RU�H[SODLQV�RQH�WHUP�DQG�OLQNV�LW�WR�VXVWDLQDELOLW\
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�SDUWO\�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

/HYHO��
([SODLQV�HLWKHU�µUHQHZDEOH¶�RU�µDWRP�HFRQRP\¶��RU�
µVXVWDLQDELOLW\¶�
4XDOLW\�RI�ZULWWHQ�FRPPXQLFDWLRQ�LPSHGHV�
FRPPXQLFDWLRQ�RI�WKH�VFLHQFH�DW�WKLV�OHYHO�

���± ��PDUNV�

/HYHO��
,QVXIILFLHQW�RU�LUUHOHYDQW�VFLHQFH��$QVZHU�QRW�ZRUWK\�RI�
FUHGLW�

���PDUNV�

� 7KLV�TXHVWLRQ�LV�WDUJHWHG�DW�JUDGHV�XS�WR�$

,QGLFDWLYH�VFLHQWLILF�SRLQWV�PD\�LQFOXGH�

UHQHZDEOH
x UHSODFHV�LWVHOI
x GHWDLO�± HJ�SODQWV�UHJURZ
x VR�GRHV�QRW�UXQ�RXW���LQILQLWH

,JQRUH FDQ�EH�UHQHZHG�XVHG�DJDLQ

6XVWDLQDELOLW\�OLQNV�IRU�UHQHZDEOH
x LGHD�RI�ORQJ�WHUP�XVH�RI�SURFHVV
x GRHVQ¶W�XVH�XS�ILQLWH�UHVRXUFHV
x DYDLODEOH�IRU�IXWXUH�JHQHUDWLRQV

DWRP�HFRQRP\
x PHDVXUH�RI�WKH�DPRXQW�RI�XVHIXO SURGXFW

µ+HOSIXO¶� �4:&�LPSHGHG
x KLJK�DWRP�HFRQRP\�PHDQV�OLWWOH�E\�SURGXFW�127�

µZDVWH¶
x PDVV�>GHVLUHG@�SURGXFW�GLYLGHG�E\�PDVV�UHDFWDQWV

'RQ¶W�FRQIXVH�ZLWK���\LHOG

VXVWDLQDELOLW\�OLQNV�IRU�DWRP�HFRQRP\
x GHVLUH�WR�OLPLW�ZDVWH�
x UHGXFH�GDPDJH�WR�HQYLURQPHQW

8VH�WKH�/���/���/��DQQRWDWLRQV�LQ�6FRULV��GR�QRW�XVH�
WLFNV�

7RWDO �
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