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Abstract When making a project investment decision, an economic evaluation based on the discounted
cash flow method is performed by determining the difference between the discounted investment cost
and the discounted investment revenue. Alternately, real options are applied to evaluate the value
inherent in future uncertainty. This paper explains the economic evaluation results in terms of financial
figures. Although financial figures accurately explain the relationship between investment cost and
investment revenue, they are somewhat insufficient in intuitively explaining the project's profitability
according to future uncertainties to non-expert decision-makers. To supplement this, Luehrman
presented OSM, which visually expresses investment strategy. However, in Luehrman's OSM, since the
boundary criteria between investment strategy regions are ambiguous, you need to rely on subjective
judgment. To assist with the ambiguity of this OSM, we developed an OSM algorithm that quantitatively
represents the location of the option space. The validity of the developed algorithm was verified by
comparing it with Luehrman's OSM application. Rather than suggesting a new OSM, we believe that the
results of this study can be applied as an auxiliary means to compensate for the ambiguity of Luehrman's
OSM. Finally, we present the limitations of the results of this study and other additional studies.

Keywords : Real Option, Option Space Model, Quadtree Model, Investment Strategy visualization,
quantified Option Space
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Fig. 1. Dividing option space into regions
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Fig. 2. Option space is defined by two Option-Value
Metrics
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Fig. 3. Example of a Quadrant block
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(b) Quadtree-based data structure of binary image

Fig. 4. Example of a Quadtree generation
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Table 1. Allotted scores by types of investment period

Maybe
now

Probably
later

Maybe
later

Probably
never

Invest
never

Invest
now

Levels

10.7~12.0 9.4~10.6 | 8.0~9.3 |-8.0~-9.3|-9.4~-10.6|-10.7~12.0

24.7~28.0|21.4~24.6|18.0~21.3|-180~21.3|-21.4~-24.6|-24.7~-28.0

52.7~60.0|45.4~52.6[38.0~45.3|-380~45.3|-45.4~-52.6|-52.7~-60.0

(VAN SN RSN B S

1087~124.0/93.4~108.6(78.0~93.3|-780~B3.3|-93.4~-10B6|-10B7~1204

Caleulate NPVqand voletility

~ T~
— (Olﬂllllh eqwmalmno —
“\lu»e,( now(Invest ney

F(NP\“U\—l T~

‘ Tnvest now ‘

YES NO

Set points for each investment strategy ‘
]
Designate the number of levels (m) considering
the scale interval of NPVq (x-axis) and
volatilty (Y-axis

Tnvest never ‘

Divide the X-axis and Y-axis into 2® each on a
scale

Create a hierarchical daia structure based on
visited blocks
11
By substituting the reference score into the
generated data structure, the position of the
target block is caleulated asa score.
'
Defermine the investment strategy by
comparing the score for the block location
with the allocation for each investment
stralegy ‘
; |

Terminate OSM Algorithm

h

Divide the optional space into 2% 2% blocks
based on the scale of the Xand Y ases

v
Designate a block corresponding to the NPVq
and volatlity as a target block

¥
The target block is black, the upper level
blocks including the target block are gray, and
the rest of the blocks are white

Divide the option space into 4 blocks ‘

Visit the block
N
— Block color =
bk~
Bk colir——_
B

YES NO

’ Split a gray block into 4 child blocks ‘ ‘ Move to the next block }—

Fig. 5. The algorithm for quantified OSM
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Table 2. Vital statistics for six independent projects

F Portfolio

Value

Variable A 8 C D 3

H Underlying asset value (5 millions) | $100.00 | $10000 | $10000 | $10000 | $100.00 |$100.00
X Exercise price ($ millions) $90.00 | $90.00 | $11000 | $11000 | $110.00 [$11000
t Time to expiration (years) 0.00 200 000 050 1.00 200
o Standard deviation (per year) 030 030 030 020 030 040
11 Risk-free rate of return (% per year) 006 0.06 006 006 0.06 0.06
NPV Value-to-cost metric m 1248 0909 0936 0.964 1021
oVt Volatiity metric 0.000 0424 0000 0141 0300 | 0566
Call value (S millions) $1000 | $27.3 5000 $306 $1042 | §3.4 §7395
124 Conventional NPV (§ milicns) §1000 | $1000 | 51000 | -$1000 | 51000 [-§1000 | $2000
Region 1 2 6 5 4 3
Exercise decsion obabl
later

value-to-cost

region 6 never 0_

region § probably

never s

1.0
0.0

reglon1 now

lower

B
AN 'eg‘°"2 maybe

now
.\\
0

. \ k
regl°n3pruh(h'?{\' \‘
later

volatility

7

p
/ region/} maybe O

later

a

\|

higher

Fig. 6. Locating the projects in the option space
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Table 4. Sensitivity according to the increasing
standard deviation

Fig. 8. Quadtree-based data structure for location of \Pr\ojits ® ® ® @ ® ®
projects Std. Dew:
0.2 110 110 -110 -110 -108 106
0.4 110 107 -110 -109 -106 102
Table 3. Scores and investment strategy for the six 0.6 110 104 | -110 | -108 | -104 99
projects 0.8 110 102 -110 | -107 -102 95
1.0 110 99 -110 -106 -100 91
Project| L.1 | L.2 | L.3 | L.4 | L.5 | Score |Investment strategy 1.2 110 96 -110 -105 -98 88
® | NE|Nw|Nw|Nw|NE | 110 Invest now 1'2 110 | 93 | -110 | -104 ‘92 84
1. 110 1 -110 -10 - 81
® NE | SW | SW | NE | SE | 99 Maybe now 18 110 2938 110 _102 _32 78
© NW | NE | NE | NE | NW | -110 Invest never 2.0 110 85 -110 -101 -90 78
© NW | NE | SE | NE | NW | -106 | Probably never
q _
© |NW|SE|NE|NE|SE|-100] Probably never Table 5. Sensitivity according to the increasing time
® SE | NW | NW | SW | NW | 91 Probably later to expiration
Projectd
ERAESS BUN FAUAL YT @ EAE Nowied o | 5 | o | @ | o | @
expirati
= NPVqg7} 1.0t} 21Qkal, static NPVE 0Xct 29k date
5. W48 4402 S, dynamic NPV 0% 100 T I o 0
ot =%l Luehrman® OSMOAE static NPV} 0.50 104 | 106 | -104 | -106 | -103 | 100
dynarmc NPVE 1&5to] maybe laterﬂ}L FAAE %(5) 18? 182} :18? :182 :18(1) 32
< AAoFTt "JHHof|, st G ElE2 static NPV 1.25 100 | 102 | -100 | -103 | -99 [ 95
51 Dynamic NPVE Tefsl 97, 471 A1 R
EE9] /A0 tigt HALE 7|08 FXA|E wtst 2.00 97 | 99 | 87 | -101 | 96 | o1
55\1-;], 01]% %01 ® &E;ﬂ!EE- ® EE*—,“EEE]‘ 6;‘<:—l]o] 2.25 96 98 -96 -101 -95 90
o = = ] N 2.50 95 | 97 | 95 [ -100 | 94 | 89
¥7] Wi2e] © ZRAERT FXRA77E 98 275 95 | 97 | 95 | -100 | 94 | 88
B e R K SR RE RE RE AR
ol Adid oz ERA77E =4 2@ 4= ok H|E 3.50 93 | 95 | 93 | 99 | 92 | 86
Luehrman® FARgI = 2R FAT71A 9] 2'3(5) gf gg ’gf ’32 ’3(1) 2Z
A2 B o @ A E4HLe SAT o '
12 2 9l
=2 T .
Table 59141&= NPVq ) 1.0€ o AT 1L®)9]
43 07T EA o] ZojALE AL ZolFh ol ExpHzgo] B
. s = =
=eE = Hog wha 4 qrkn sh4F 4 ek W, NPVq
H JLE= Table 49} Table 59 Zo] HEA (o \/?) (1.0¥ 9 H4+= AXt. Table 4 9 Table 5%} Zo]
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AL WlRSS o2 ST & ek o
oIk BEOE, NPVl 932 vA: 29184
(rf)2) 3ol 24 vlg2 F71he Table 63 2
H4E et

=
2~
1%

Table 6. Sensitivity according to the increasing
risk-free rate of return

ey @ ® ® @ ® ®
rf

0.01 110 98 -110 -106 -101 -92
0.02 110 98 -110 -106 -101 -91
0.03 110 98 -110 -106 -101 -91
0.04 110 99 -110 -106 -100 -91
0.05 110 99 -110 -106 -100 91
0.06 110 99 -110 -106 -100 91
0.07 110 100 -110 -105 -100 91
0.08 110 100 -110 -105 -100 91
0.09 110 100 -110 -105 -100 92
0.1 110 101 -110 -105 -100 92
0.11 110 101 -110 -105 100 92
0.12 110 101 -110 -105 100 93
0.13 110 102 -110 -105 100 93
0.14 110 102 -110 -105 100 93
0.15 110 103 -110 -105 100 94
0.16 110 103 -110 -105 100 94
0.17 110 104 -110 -105 101 94
0.18 110 104 -110 -105 101 95
0.19 110 105 -110 -105 101 95
0.2 110 105 -110 -105 101 95

Table 6ol EH Table 49} 5YUsHA @ Z2HE
o © ZRAEE FFEAMIglo] Halslt|zte 4}
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gfo] R og vid & k. o, BEHEARSE ST
714e] wlsh 4=o] Hs} £ At

5. 28

LAt AYEAS BT o) g SAHOR
ARle] AR BT AR Wk SRpEleT
S0l PAS BAA AN Base, 344
A AR A2 g AR SHs A
83} £A5019] TS A3
AR B8R 9ol
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