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where

~ 1+0.33267x

e =  0.4361836

a = —0.1201676

a3 =  0.5372980
1 /2

. n(x) = \/—5-_}.
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CUMULATIVE NORMAL DISTRIBUTION

#(x) = [, -ﬁ:e"’ﬂ dt
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n

1.5 8332

5040
5438
.5832
6217
6581
6950
7291
7611
J9¢
8186
8438
.B665
.B869
8049
8207
8345
9463
5564
8549
9718

9778

9826
9864
9896
9920
0940
9955
9966
9976
9982
8987
9091
9993
9995
9997

5080
5478
5871
8255
.6628
6985
7324
7642
7039
8242

.8686
8888
5066
9222
9357
8474
0573
9656
9726
0783
8830
.3868
0808
gez22
9941
8956
5367
8976
5882
.g887
.9551
5694
.9585
8897

5120 | 5160 | S199
5517 | 5557 | .6596
5910 | .5948 | 5087
6203 | 8331 | 6368
6664 | 6700 | 6736
7018 | 7054 | 7088
J357 | 7389 | 7422
JE73 | 7704 1 7734
967 | 7995 | 8023
5238 | .8264 | 8289
.B485 | 8508 ] .8531
8708 | .B728 | .8749
8907 | 8925 | 8944
8082 | .9099 | 9115
.9236 | .9251 | .9265
5370 | .9382 | .9304
‘9484 | 0405 | 9505
8582 | 9591 | 8509
.0664 | 9671 § 95786
5732 | 9738 | 9744
9788 | L9793 } 9798
5834 | .0838 | 9842
987t | 9875 | 9878
9901 | .9904 | 8906
0025 | 8927 { 9820
0043 | 9945 | 9946
9857 | .9959 | .9960
9968 | .9869 | .8970
BU77 | D977 | 0978
.8083 | .ouB4 | 0984
9988 | 9988 § 9989
0991 | 9992 | 9992
9994 | 8694 | 0904
.5896 | 9996 | 9996
8897 | 9997 | 9997

5239
5836
6026
6406
6772
7123
7454
T764
8051
8315
BS54
8770
8862
G131
8273
/9406
9515
.8608
8686
8750
.9803
BB46
9881
.8909
92331
9348
8961
8571
997g
9985
.8g89
.0902
.9894
.8886
8997

5279 | 5318 | 5359
5675 | 5714 | .5753
6064 | 6103 | .6141
.6443 | .6480 | .8517
6808 | 6844 | .6879
J157 | 7190 | 7224
7486 | 7517 | 7549
J794 1 .7823 | 7852
.B078 | .8106 | .8133
.B340 | 8365 | .8389
8677 | .8599 | .8621
.8790 | .8810 { .8830
8880 | .8997 | 8015
Ot47 | 9182 | 8177
8202 | .9306 | 9319
9418 | 0420 | 8441
9525 | 9535 | 9545
9616 | 9625 | .0633
8693 | .9699 | .9706
8786 | .9761 | .9767
.8808 | .9812 | .9817
8850 | 9854 | .9857
.9884 | 9887 | .9880
8811 | 9913 | .9916
8932 | 9934 | .9938
8949 | 9951 | 9952
8962 | .9963 | .9864
8972 | 9973 | 8874
.9979 | 9980 | .9981
.5985 | 9986 | .9986
8989 | 9930 | .8980
9992 | 0063 | .9983
8985 | 9995 | 9995
-9996 | .9996 | .9997
B997 | .9997 | .9998

1.282

1.645)|1.960

2.326(2.576

3.090

3.291

3.891

4417

P(x)

50

85

475

89 | 995

899

4985

88995

999985

21 - )]

.20

10

05

02 | .01

002

001

,0001

00001

Sourea: Mond and Graybill. introduction to the Theory of Statistics. 3rd ed (New York:
McGraw Hill Book Gompany. 1973). Used with permission of the publishers.

Examples: N(0.64) = 0.7359; N(-0.22) = 0.4120
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{Cumulative Bivariate Normal Distribution)

WA TRIBIAIAZANIRINITHANLAIANNIIARLLTLLAINR gavfutls wildann

N1 e _12;-2pxy+y2
M(a,b, p)-.mf_m[;exp[ ""—2(172-)-— dax dy

Drezner (1978) TAWRIUNIENI7U9210708 AN ANTBINITUA NWAIAIINUN A

Wunuuiln® asssiouls eagutaman

N~ 5§ s
o )= 20 35 003,

T

Taef

FOnY;) = explay(2yi—a1) + b1 (25— by) + 2p(3 —a1)(y; = b))

_ a L= b
Y LY e

x1 = 0.24840615 ¥1 = 0.10024215
x3 =0.39233107 y2 =0.48281397
x3=0.21141819 ¥3 = 1.0609498

x4 = 0.033246660 ¥4 = 17797204
xs = 0.00082485334  y5 = 2.6697604
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Bivariate Normal
Probabilities
a b P M{a‘l b; P)

0.0 0.0 0.0 0.250000
0.0 00 05 0166667
0.0 0.0 05  0.333333
00 05 0.0 0154269
00 -05 -05 0.081660
00 =05 0.5  €.226878
0.0 0.5 0.0 Q3459
0.0 05 —-05 9.273122
0.0 0.6 0.5 0.418340
-~0.5 0.0 0.0 0.164269
-0.5 0.0 =05 0081660
=05 0.0 05  9.226878
-0.5 —05 0.0 ©.095195
05 -05 -05 0.036298
05 -03 0.6 0.163319
—0.5 0.5 00 0213342
~0.5 06 —05 0.148218
] 0.5 0.5 0272239
0.5 0.0 0.0 0.346731
0.5 00 -05 0.273122
0.5 0.0 05 0.418340
0.6 -035 0.0 0.213342
06 -05 05 0145218
05 035 a5 0272239
0.6 0.5 00 0478120
0.5 05 -05 0.419223
0.5 0.5 0.6  0.546244




218

AANUIN A

N1FHANBAIAINUNRL L?;qu.uuwﬁu'm

(Binomial Distribution)
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n! X n—x
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BINOMIAL DISTRIBUTION FUNCTION

Entriea in the table are valuesof C."p"(1 — p)*~™ for the indicated values
of n, x 'and p. When p > 0.5, the value of C."p*(1 — )" for a given
n, x and p is obtained by finding the tabular entry for the given %, with
n ~ x in place of the given 2, and 1 — p in place of the given p,

P
"= 85 6 15 .20 .35 0 3 38 4D 48 .50
1 0 | 0500 .9000 8500 8000 7500 .7000 6500 6000 5300 5000
1 | 0500 L1000 1500 .2000 2500 .300C. . 4000 .4300 5000
2 o0 | .0025 8100 7225 6400 4900 4225 3800 5025 .2500
1 | 0050 1800 2550 (3200 3750 .4200 .4550 4800 .£950  .500D
2 | w025 0100 0225 0400 | 20900 1225 160D 2025 (2500
A 0 |.8574 1200 .€141 5120 4210 3430 2746 2160 .1664 .1250
1 | 5354 (2430 (2351 3840 L4210 6410 4438 4390 4034 .37
2 10071 0270 0574 09SO0 1408 .1B90 2380 2380 3341 37RO
3 | o001 0010 | 0080 0156 .027C .0420 .06i0 0BT .1250
¢ © | 8145 6561 .5000 .40G6 5194 2401 .IT85 .1208 .001S .0425
1 [ 1715 2016 . 4008 4219 4118 (3B45 L3456 9905 L0500
2 | 0135 o488 o975 (1536 2100 . 3105 3458 L3875 3750
a3 5 0038 .0Il5 0256 69 0756 .1}15 .1538 . 12500
4. 0001 . 0018 | . : ‘0550 5ai] .eace
5 a L7738 5906 L3277 2313 (1681 .1160 .0778 .0503 .0312
1 36 3280 3915 4006 3058 .38G2 .3i2¢ 2502 L2059 .1362
2 | o2« oree 48 2637 3087 .3384 3436 3869 .3126
8 | 0011 0081 .24 0512 OSTO .1323 .1811 .2304 2767 .3125
H 0004 0064 - OMG 0286 .0488 0766 1128 1562
5 | .0000 .0000 .000L .0O03 L0010 ,002¢ .0053 .02 .0185 ,03i2
6 O | .7351 5314 3771 .22 1780 1176 .0734 .0467 .02T7 .01L6
1 [ 2331 asez . 99832 3580 3025 .2437 1850 0038
2 | 0305 0084 .1762 .2458 2966 .3241 .32%0 3110 . 2344
8 ] 0021 0148 0415 .0BI9. 1318 1852 .2355 2785 3032 .9125
¢ | 0001 0012 .0056 0154 0330 .0305 L0361 1382 18681 .2344
5 | .0000 .0001 .000¢ .0015 0044 L0102 .0205 038D .0600 .0938
6 | .0000 .0006 .0000 .000L _0002 .0007 .00IA .0041 .0083 .0154
7 0 | .0683 .4TR3 3208 7 1 .082¢ .400 0280 0152
1 | 2573 3720 3960 .86T0 .31)5 .2471L 1848 .13086 .OSTZ .0B47
2 | D408 1240 2007 2153 3115 .3177 .20BE .9615 .2140 1641
3 0617 14T 1730 2269 .2679 .2003 2918 .
4 | .000Z D026 .0l09 0517 | 442 ipes .
5 | .0000 .0002 0012 L0048 .OLIS .02%0 0468 1172 .1641
6 | .0000 -0000 1 0013 L0038 . 0172 0547
7 0000 QOO0 0000 0001 0002 . K 0037 0078
8 O | .c63¢ 4305 .2735 1678 Joor 007 0310 0163 .onst 0029
1 | 2703 (3328 .ag47 3355 2670 1977 .1373 L0698 .OME 0312
2 | 0515 488 4376 29386 3115 2005 .O687 .2090 1508  .i0G4
8. 0331 .0839 .68 | 2541 .2786 2787 2568 0188
4 | .0004 0046 0185 0450 0885 1361 .18TE 2322 2507 .o7M
5 | 0000 000 0026 .0002 .0231 06T .0RDS 1239 1719 .2188
6 | 0000 000D 0003 .00l .0DSB .0L00 .0M7 0113 0703 1004
7 | 0000 000D 0000 . 0004 0012 (0033 L0079 .DiB4 0312
8 | 0000 ODOC 0000 (0000 0000 0001 .000Z .000T .0Ol7
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BINOMIAL DISTRIBUTION FUNCTION (Continued)

.
L 05 10 18 20 .25 30 .38 40 48 50
& O | .8302 .3s74 2318 1342 .O7EL D404 0207 L0101
1 FoooBRS 3874 (3570 (8020 (2253 (1556 0805 .0339 - .0L76
o 1z 2597 _l360x  .2068 .2t62 1612 1110 .0%
3 0446 1080 1762 (2336 .2668 . / 2150 L1641
4 | 0004 0074 0283 1 .18 .I716 .2184
s | .0000 .0008 0050 .016% .0389 .0735 1181 1672 2128 .61
6 10001 00uK 0087 0210 24 1160 1841
7 {0000 0000 0003 001z L0039 g 0213 0407
8 1 0000 0000 .0000 .0000 .OOOL .0004 .00I3 .0035 0176
g §.0000 .00CO .0DX0 0000 000G .0000 0001 0003 0008
10 o0 | .oos7 3487 .1960 .1074 0563 0282 .0138 L0010
1 | ;2151 8874 BANL =6st  _18Y7 (1211 0735 0403 0207 .
2 1937 2789 3020 816 w17 .18 0763 .
3 | jo105 ‘os74 ‘1208 (9013  .(2S03  .2608 7 .2150 .1685 1172
¢ | o010 L0112 w401 1 1400 2001 .2377 2 . 208
5 | .0001 0015 0204 .053% 1020 1636 2840 2481
¢ | 0000 cOOL 0012 0055 .0162 0388 06RO 1115 .16 (32081
7 | lgoo0 10000 1 . .008Y  (00e0 0212 o746 1172
& | 0000 nooo 0001 0008 .0014 .0043 0108 .0220
g | 0000 0000 L0000 .0000 .000L .0003 0018 .0G42 .000B
10 | 0000 0000 0000 .0000 .CODG .00 (10000 0001 -onto
-1 o0 | .ses8 .3138 .1873 .0 0422 .0195 0088 0036 .00L4 .0005
1 | .a203 . 8 2362 .154@ .0932 .05l .0j86 0125 .0054
2 | .pse? 2131 (2866 .29 ®581 1698 .1305 .0BSY .0513 .0%688
3 | .pis7 .0Ti0 .I517 L2215 2581 2588 2254 .177& .1 .
4 | oole 0158 0538 1N ATEL oL M8 L5065 1611
5 {.0001 .0025 0132 0388 0803 1321 1830 2207 2258
8 -0003 0007 L0268 0985 1471 (1931 .
7 0000  .0000 0017 0084 0173 03N L0701 .1 L1811
g | 0000 .0000 0000 . 0011 0108 oz . .
& {0000 .0000 .00P0 L0000 .0001 0006 - .00LS (0033 0138 0260
1w | .0000 .0000 .0000 .DOOD 0000 .0OCD 0003 L0007 0021 .OOS4
11 | (0000 (0000 .0O0C .0000 000G .O00C .0000 0000  ,DOO2
12 0 2804 1422 .0317 .0188 .0OS7 0002
1 | Js413 (avés  ‘ap1z 2063 1367 0712 0368 0174 .0075 .
2 1 .2024 2835 4333 1678 .1048 . .0161
3 | 0173 ‘ossz (1720 2382 .68 2307 (1954 1410 002@ |
4 1 0213 0683 1320 1036 .231% .R367 .2 700 (1308
5 | .oooz .0038 .0193 .0532 .1032 1585 .203p 2205 1934
¢ | o000 0005 004D L0155 .04D1 0702 1281 1708 2124
7 L0000 D000 0038 0118 0291 081 ) 489 1034
£ | J0000 G000 0001 -.0005 - .0024 .OO78 .00 . o782 1
9 | (8000 0000 0001 (G004 .00IB (OMB  MI2F . :
10 | 0000 L0000 0000 0000 .ODDO 0002 .0025 0161
11 | Jooco oooo 0000 0000 .0000 (0000 L0001 .GODF .00I0
12 | J0000 L0000 0000 0000 .0000 0000 .0000~ .0OD0 .00D)  .0O0R
13 0 | .5133 .254% .1208 0580 0097 .0037 .0013 .0004 .0001
1 | ‘3skz .a67z 2774 .A7BT  .A02@ 0250 G113 D045 .00L6
2 L1100 2448 2637 .2080 50 . ;0220
3 | 214 oogT 1000 2457 L2517 3181 1451 1107 0660 .0348
4 | ‘oozs 0277 o838 1535 T . JBAS (1350 (0878
5 | .ooo3 o055 Dass L0801 .)588 1803 2134 2314 1980 1871
. 6 | 0000 0008 .0043 .0Z30 (1030 (1846 Y 3160 L2005
7 | 10000 .000L .0DI1 .0058 0186 0442 312 TS 2088
£ | ‘0000 .0000 .0001 .0011 .DOA7 .0M3 0336 .0A58 1089 1571
9 | ‘0000 (0000 0000 L0001 .000R .0034 0101 .0243 .0M405 .0873
10 | .0000 .0006 .0000 .0C00 .000L .00OG .0022 0065 .0162 .0340
11 | Jo000 0000 L0000 .0O0L .000G 0001 .0003 0012 .0038
12 L0000 0000 0000 0000 .00DW) L0001} 1 0005 0018
13 | .0000 L0000 L0060 000 0000 (0000 000U 1
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BINOMIAL DISTRIBUTION FUNCTION (Continued)

s £ | 05 a0 5 20 2 .20 86 40 48 .50
M 0 | 4877 .2288 .1028 .0440 .0178 .0088 .0034 G008 0002 0001
1 | 3808 (3556 25%0 .133¢ L0832 .M07 0181 .0073 00T 0009
3 | 0% 43 oss [z 2403 ‘lots Theb  0eis Tl gt
4| 0037 omiy 0958 (1720 12202 R0 2032 1IN0 .1040 0811
5 | 0004 .007B 0352 0860 1463 .1983 .PI78 L2086 .1701 .1
6 | 0600 (o013 ‘0322 1568 760 3088 3088  1eay
7 | 0000 o002 .00 0092 0818 1082 1574 (1952  .%095
8 | /0D00 .0000 .0003 0020 .00%T 0232 .05l0 .0918 1398 1693
9 [ 0000 0000 .000C .0003 .DOIR 0066 G183 wes 123
10 | .0000 o000 L0000 L0000 L0063 00N . 0126 02312 0811
I | o000 ‘ooo0 00D 0000 Q00 0003 010 0033 o0w3 022z
H 10000 | 0000 0000 0000 .00 0000 0001 .on03 oom
1 |00 000 0000 00 0000 0 0o 0p 3 Som
15 4838 0874 0352 0134 0047 D016 . ]
7| 5o o 3% M Dees O .Owe o0 0018 oe8
2 | 148 ‘2336 2300 1550 .0DI8 .GdT6 L0210 | .0033
8 | /0307 1283 2iEd o501 2T 176D L1100 0534 0318 L0139
4 | ‘000 1150 1878 3352 .2ise 1702 0788 L0417
5 | .0006 .0105 .0449 .1032. .1861 .2061 .2123 1850 TG4 _0a1s
6 | .0000 0010 0122 0430 |00l .M72 .1 . 1914 15a7
7 | 0000 0003 0030 0135 L0395 0811 .3319 1771 2013 1064
8 | D000 .pO0O DD 0035 013 .0M8 .0710 1181 .1647 106t
o | 0000 (0000 .0ODF .000T .0034 .GLIG . 0817 1049 .1627
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BINOMIAL DISTRIBUTION FUNCTION {Continued)
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MANUIN |/

Source Code #nsuldAnmnistlesiiuyadinsasansg

1. nNFUANKAtANUIaLLIY (Distributions)

1.4 nswanuasArHutazitiusuuin® (Normal Distribution)

'/l The normal distribution function
Public Function ND(X As Double) As Double
ND=1/Sqr(2*Pi) * Exp(-X ~ 2/2)

End Function

12 ArEzENTRINIsLAnLataNUIastdusUuUnG (Cumulative Normal Distribution)

'/ The cumulative normal distribution function

Public Function CND(X As Double) As Double

Dim L As Double, K As Double
Const a1 = 0.31838153: Const a2 = -0.356563782: Const a3 = 1.781477937:
Const a4 = -1.821255878: Const a5 = 1.330274429

L = Abs{X)
K=1/{1+0.2316419 *L}
CND=1-1/8qr(2*P)*Exp(-L ~2/2)*{a1*K+a2*K"2+a3*"K"3+ad*K"4+a5*K"5)

If X <0 Then
CND = 1-CND
End If

End Function
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1.3 AMATANTRINITHANBRIANENRULLNR Faenaunds

'/f The cumulative bivariate normal distribution function

Public Function CBND{a As Double, b As Double, rho As Double) As Double

Dim X As Variant, y As Variant
Dim rho1 As Double, rho2 As Double, delta As Double
Dim a1 As Doubie, b1 As Doubie, Sum As Double

Dim 1 As Integer, j As Integer

X = Array(0.24840615, 0.39233107, 0.211418 19, 0.03324666, 0.00082485334)
y = Array(0.10024215, 0.48281397, 1.0609498, 1.7797294, 2.6697604)
al=ga/8qr(2*{(1-rho " 2))

b1 =b/8qr(2*{1-rho ~2)}

If a <=0 And b <=0 And rho <=0 Then

Sum =0

Forl=1To5

Farj=1To5
Sum = Sum + X{1) * X} * Explal * (2" y{l) - al1) _
+b1* (2% y(j)-b1) + 27 tho * {y() -a1) * (y(i) - b1})
Next

Next

CBND = Sqgr(1 - rho ~ 2}/ Pi * Sum
Elself a <= 0 And b >=0 And rho >=0 Then

CBND = CND{a) - CBND(a, -b, -rha)
Elself 2 =0 And b <= 0 And rho >= 0 Then

CBND = CND{b) - CBND(-3, b, -tho)
Elsetf a>=0 And b >= 0 And rho <= 0 Then

CBND = CND{a} + CND{b} - 1 + CBND(-a, -b, rho)
Eiselfa*b *rho >0 Then

rhol={rho*a-b)*Sonfa) /Sgra~2-2*rho*a*b+b "~ 2)

rhoZ2={rho*b-a) *Sgn(b)/Sar(a~2-2*rho*a*b+b " 2)

delta = (1 - Sgn{a) * Sgn(b)) / 4

CBND = CBND{a, 0, |;ho1) + CBND(b, 0, rho2) - delta
End If

End Functicn
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2. nstlssiliuyarmeE19ansg

2.1 WUUA1824 Black-Scholes (1973)

'Y/ Black and Scholes (1973) Stock options
Public Function BlackScholes{CallPutFlag As String, S As Double, X _
As Double, T As Double, r As Double, v As Double} As Double

Dim d1 As Double, d2 As Double
d1=(Log(S/X)+ (r+v~2/2)*T)/ (v Sar(T)}
d2 =d1-v*Sgr(T}
If CaliPutFlag = "¢" Then

BlackScholes = S* CND(g1) - X * Exp(-r * T) * CND(d2})
Elself CallPutFlag = "p" Then

BlackScholes = X * Exp{-r * T) *CND(-d2) - S * CND(-d1)
End If

End Function

2.2 WUUR18849 Black-Scholes-Merton {1973)

'/ Merton (1873) Options on stock indices
Public Function Merton73{CallPutFlag As String, S As Double, X _
As Doubie, T As Double, r As Double, g As Double, v As Double) As Double

Dim a1 As Double, d2 As Double

dr=(Log(SIX) +{r-g+v " 2/2)*T)/ (v Sqr(T)
d2 = d1-v*Sgr(T)
If CallPutFlag = "c" Then

Meron73 = § * Exp{-g * T) * CND{d1} - X * Exp{-r* T) * CND(d2)}
Etself CallPutFlag = "p" Then

Merton73 = X * Exp(-r * T) * CND(-d2) - S * Exp(-q * T) * CND{(-d1)
End If

End Fungtion
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2.3 WUU<A18R9 Garman-Kohlhagen (1983)

*/f Garman and Kohthagen (1983} Currency options
Public Function GarmanKalhagen{CallPutFlag A.s String, S As Double, X _
As Double, T As Double, r As Double, rf As Double, v As Double) As Double

Dim d1 As Double, d2 As Double

dl = (Log(S/X)+(r-f+v " 2/20*T)/{v* SarT))
d2 =d1 -v*Sar(T
if CallPutFlag = “c" Then

GarmanKolhagen = S * Exp(-rf* T) * CND{d1) - X* Exp{-r * T} * CND(d2)
Elself CallPutFlag = "p" Then

GarmanKothagen = X * Exp{-r * T) * CND{-d2) - S * Exp{-f * T) * CND{-d1)
End If

End Function

2.4 WUUS19D9 Roll-Geske-Whaley

'/ American Calls on stocks with known dividends, Roll-Geske-Whaley

Public Function RollGeskeWhaley(S As Double, X As Double, t1 As Double, T2 As Double, r As Double,

d As Double, v As Double) As Double .
't1 time to dividend payout

"T2 time to option expiration

Dim Sx As Double, | As Double
Dim a1 As Double, a2 As Double, b1 As Double, b2 As Double
Dim HighS As Double, LowS As Doubie, epsilon As Double

Dim ci As Double, infinity As Double

infinity = 100000000

epsilon = 0.00001

Sx=5-d* Exp{-r“t1)

Ifd <=X*{1-Exp{r*{T2-11))) Then '/ Not optimal to exercise
RollGeskewWhaley = BlackScholes('c”, Sx, X, T2, 1, v}

Exit Function
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End If

ci = BlackScholes{"'c", S, X, T2 -t1, r, V)

HighS = 8

While (ci - HighS - d+X) >0 And HighS < infinity
High3 = HighS * 2
ci = BlackSchales('c", HighS, X, T2-11,r,v)

Wend

If HighS3 > infinity Then
RollGeskeWhaley = BlackScholes("c", Sx, X, T2, r, v}
Exit Function ‘

End If

LowS =0
| = High$ * 0.5
ci = BlackScholes(c", [, X, T2 - t1, 1, v)

‘/f Search algorithm to find the critical stock price |
While Abs{ci - | - d + X) > epsilon And HighS - LowS > epsilon
If (ci~1-d+X)<0Then
HighS = |
Eise
LowS = |
End If
| = (High$S + LowS) /2
ci = BlackScholes("c", |, X, T2 - 1, r, \})
Wend
a1 = (Log(Sx/X) +(r+v~2/2)*T2)/ {v* Sqr(T2))
a2=al-v*Sgr(T2)
b1 ={log(Sx/ ) +{r+v™~2/2)"t1)/{v* Sqr(tt)
b2 = b1 - v * Sar(ts)

RollGeskeWhaley = Sx * CND{b1} + Sx * CBND(a1, -b1, -Sgr{t1 / T2}) - X * Exp(-r * T2) * CBND(a2, -
b2, -Sar(t1 / 72)) - (X - d} * Exp{-r * t1) * CND(b2)

£nd Function
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2.5 WIIRVaa9 Barone-Adesi-Whaley (1987)

‘i The Barone-Adesi and Whaley (1987) American approximation
Public Function BAWAmericanApprox(CaliPutFlag As String, S As Double, X As Double, T As Double,

r As Double, b As Double, v As Double) As Double
If CallPutFlag = "¢" Then
BAWAmericanApprox = BAWAmericanCallApprox{S, X, T, r, b, v)
Elself CallPutFiag = “p" Then
BAWAmericanApprox = BAWAmericanPutApprox(S, X, T, r, b, v)
End If '

End Function

I American call
Private Function BAWAmericanCallApprox(S As Double, X As Double, T As Double, r As Double, b As
Doubie, v As Double} As Double

Dim Sk As Double, n As Double, K As Double
Dim d1 As Double, Q2 As Double, a2 As Double
If b >=rThen
BAWAmericanCallApprox = GBlackScholes{'c", S, X, T.r, b, v}
Else
Sk=Ko(X, T,r.b,v)
n=2%b/v"2 '
K=2*rf{(v~2"(1-Exp{-r*T)))
d1 = (Log(Sk/X) + (b +v "~ 2/2)}* T) / (v* Sar(T))
Q2=((n-1+38gr{{n-1)"2+4*K))/2
a2 =(Sk/Q2)* (1-Exp(lb-r) *T) * CND{d 1))
If 5= Sk Then
BAWAmericanCallApprox = GBlackScholes{"¢", §, X, T,r, b, v} +a2 *(5/8k) ~ Q2
Else
BAWAmericanCallApprox = 8- X
End If
End If

End Function
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'/f Newton Raphson algerithm to solve for the critical commedity price for a Call

Private Function Kc(X As Double, T As Double, r As Double, b As Double, v As Double) As Double

Dim n As Double, m As Double

Dim Su As Double, Si As Double

Dim h2 As Double, K As Double

Cim d1 As Dou.ble. Q2 As Double, q2u As Double
Gim LHS As Double, RHS As Bouble

Dim bi As Double, E As Double

'/t Calculation of seed value, Si
n=2*h/v"~2

m=2%riv"™2
g2u=(-{n-1)+Sgr((n-1)"2+4*m))/2
Su=X/(1-1/q2u)
h2={b"T+2"v*Sqr(T)) * X/ (Su-X)
Si=X+{8Su-X)*{1-Exp(h2))

K=2*r/(v™2*(1-Exp(-r*T))
di=(Log{Si/X)+{b+v>2/2)*T)/ {v*Sqr(TH
Q2={n-1+8gr{{n-1)"2+4*K)) /2
LHS = 8§i-X
RHS = GBlackScholes("¢", Si, X, T,r, b, v) + (1 - Exp{{p-r) * T} * CND(d1)) * Si/ Q2
bi = Exp((b - 1) * T)* CND(d1} * (1-1/Q2) + {1 - Exp{{b - 1) * T) * CND(d1) / (v * Sqr{Th) / Q2
£ = 0.000001
'/ Newton Raphson algorithm for finding critical price Si
While Abs(LHS - RHS)/ X > E
Si={X+ RHS-bi*5i)/(1-bi)
d1 = (Log(Si/X) + (b + v~ 2/2)* T}/ (v * Sqr(T))
LHS = Si-X
RHS = GBlackScholes{'c", Si, X, T,r, b, v} + (1 - Exp{{b-r) * T) * CND(d1)) * Si / Q2
bi=Exp(lb-r)*T)* CND{d1) *(1-1/Q2} + (1 - Exp{{b -} * T)* NO(d1) / {v * Sqr{T))) / Q2
Wend
Ke = Si
End Function

*/f American put
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Private Function BAWAmericanPulApprox(S As Double, X As Double, T As Double, r As Double, b As
Double, v As Double) As Double

Dim Sk As Double, n As Double, K As Double
Dim d1 As Double, Q1 As Double, a1 As Double

Sk =KpX, T.r,b,v)

n=2"b/v"2

K=2*rf{v"2*(1-Exp(-r*T)H

d1 = (Log(Sk/X) + (b +v ™~ 2/2)*T)/ (v * Sar(T))
Q1 =(-(n-1)-Sar{{n-1)~2+4*K))/2
a1=-~(Sk/Q1}*(1-Exp({b-r)*T)* CND{-d1}}

If S = Sk Then

BAWAmericanPutApprox = GBlackScholes("p", S, X, T.r, b, v) + a1 * (S/ Sk} ~ Q1
Else

BAWAmericanPutApprox =X -5
End If

End Function

'/t Newton Raphson algorithm to solve for the critical commodity price for a Put

Privata Function Kp(X As Double, T As Double, r As Double, b As Double, v As Double) As Double

Dim n As Double, m As Double

Dim Su As Double, Si As Double

Dim h1 As Double, K As Double

Dim d1 As Double, g1u As Double, Q1 As Double -
Dim LHS As Double, RHS As Double

Dim bi As Double, E As Double

'/ Calculation of seed value, Si
n=2*h/v"~2

m=2*riv~2 _
qiu={-(n-1)-Sar{(n-1)~2+4*m)}/2
Su=X/{1-1/g1u)
h1={b*T-2"*v*Sqr(f)}* X/ (X-Su)
8i = Su + (X-Su) * Exp(h1}
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K=2*r{(v>2*(1-Exp{-r*T)))
d1 = (Log(Si/X) +{b+v~2/2)*T)/ (v* Sar(Th
Ql=(-{n-1)-8qr{{n-1)~2+4*K)/2
LHS = X - Si
RHS = GBlackScholes('p", Si, X, T.r.b,v} - (1 - Exp((b-nN*T) * CND{-d1)) *Si/ Q1
bi = -Exp{(b - £} * T) * CND{-d1) * (1 - 1/ Q1) - {1 + Exp{{b -1} * T) " NO{=d1} / {v * Sar(TR) / Q1
E = 0.000001
/i Newton Raphson algarithm for finding critical price Si
While Abs(LHS - RHS)/X>E
Si = (X - RHS + bi * Si) /{1 + bi}
d1 = (Log(Si/X) +(b+v~2/2)*T)/{v*Sqr(T))
LHS = X - Si
RHS = GBiackScholes('p”, Si, X, T, r, b, v} - {1 - Exp((b - r) * T) * CND{-d1)) * Si/ Q1
bi = -Exp({b - r) * T) * CND(-d1) * (1 -1/ Q1) - (1 + Exp({b - 1) * T) *CND{-d 1) / (v * Sar(T)} / Q1
Wend
Kp = 8i

£nd Function

26 HUUANAA4L Black-76 European Swaption
(USuAnae nge) Jamshidian (1996))

'/ Black-76 European swaption

Public Function Swaption{CallPutFlag As String, t'1 As Double, m As Double, F As Double, X As
Double, T As Double, _

r As Double, v As Double) As Double
Dim d1 As Double, d2 As Double

di ={Log{F I X)+v~2/2*T)/{v* Sar(T))
d2 = d1-v ™ Sgr(T)
If CaliPutFlag = “c" Then 'Payer swaption
Swaption=({1-1/{1+F/im)~{t1*m)/F)“Expl~*T)*(F~ CND(d1) - X * CND{d2})
Elself CallPutFlag = "p" Then 'Receiver swaption
Swaption = ((1-1/(1+F/m}~ (t1 *m)) / F) " Exp{-r " T) * (X * CND(-d2} - F * CND(-d1))
End If

End Function
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2.7 WUUANAB4 Cox-Ross-Rubinstein (LUU4A1a®9 Binomial)

/i Cox-Ross-Rubinstein binomial tree
Public Function CRRBinomial{AmgEurFiag As String, CallPutFlag As String, S As Double, X As
Couble, T As Double, _

r As Double, b As Double, v As Double, n As Integer) As Double

bim OpticnValue{) As Double
Dim u As Doubte, d As Double, p As Double
Dim dt As Double, Df As Double
Dim i As Integer, | As Integer, z As Integer
ReDim Optionvalue(n + 1)
If CallPutFiag = "¢" Then
z=1
Elself CallPutFlag = "p" Then
z=-1
End If
dt=T/n
u = Explv * Sqr(at)
d=1/u
p = (Exp{t * at)-d) / (u-d}
Df = Exp(-r* di)
Fori=0Ton
OptionValue(i) = Max(0, z* (S *u ~ i*d ~ (n - 1} < X))
Next
Forj=n-1To0 Step -1:
Fori=0Toj
If AmeEurFlag = "e" Then
CptionValue(i) = {p * OptionValue{i + 1) + (1 - p) * OptionValue(i)) * Df
Elself AmeEurFlag = "a" Then
Optionvalue(i} = Max{(z* (S*u ~i*d ~ (Abs{i-{)) - X)), _
{p * OptionValueli + 1) + (1 - p) * OptionValue(i)) * Df}
End If
Next
Naxt
CRRBinomial = OptionValue(0)

End Function
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3. NITATUIRRNAN Sensitivity

3.1 WUU418849 Generalized Black-Scholes

(@uFuldlunsiigailinaa Sensitivity)

'/f The generalized Black and Scholes formula
Public Function G8lackScholes(CallPutFlag As String, S As Double, X _
As Double, T As Double, r As Double, b As Double, v As Double} As Double

Cim ¢d1 As Double, d2 As Double
dl=(Log(S/X)+(b+v~2/2)*T)/ (v* Sar(T))
d2 =d1-v*8qr(T

If CallPutFlag = "¢’ Then
GBlackScholes = 5 * Exp{(b - r) * T) * CND(d1) - X * Exp(-r " T) * CND(d2)
Elself CallPutFlag = “p" Then
GBlackScholes = X * Exp{-r * T) * CND(-d2) - $ * Exp{(b - 1} * T) * CND(-d1)
End If

End Function

3.2 @1 Delta

*/f Delta for the generalized Black and Scholes formula
Fublic Function GDelta{CallPutFlag As String, S As Double, X As Double, T As Double, r As Double, _
o As Double, v As Double) As Double

Dim d1 As Double
d1=(Log{S/X)+ (b +v™2/2)*Thi{v*Sqr(T))

If CallPutFlag = “¢" Then

GDelta = Exp{(b - * T) * CND(d1)
Elself CallPutFlag = “p” Then

GDelta = Exp((b - r) * T) * (CND{d1) - 1)
End If

End Function
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3.3 A1 Gamma
'/{ Gamma for the generalized Black and Scholes formula
Public Function GGamma(S As Double, X As Double, T As Double, r As Double, b As Deouble, v As
Double) As Double
Dim d1 As Double
di=(Log{S/X) +(b+v~2/2)*T)/(v*Sgr{T))
GGamma = Exp{(b-r) *T) * ND{d1} /(S * v * Sgr(T))

End Function

3.4 A1 Lambda (A1 Vega)

f Vega for the generalized Black and Scholes formula
Public Function GVega(S As Double, X As Double, T As Double, r As Double, b As Double, v As
Double) As Double
Dim d1 As Double
dt ={log{S/X)+ (b +v~2/2)*T)/(v* Sgr(T))
GVega = S * Exp((o - ) * T) " ND(d1) * Sqr(T}

End Function

3.5 A1 Theta

'/f Theta for the generalized Black and Scholes formula
Public Function GTheta(CallPutFlag As String, S As Double, X As Doubie, T As Double, r As Double, b
As Double, v As Double) As Double
Dim d1 As Double, d2 As Double
di=(Log{S/X)+{o+v~2/2)*T)/(v*Sar(T))
d2 =d1-v*8qr(T)
If CallPutFlag = "¢" Then
GTheta =-S *Exp((b~r) * T) * ND(@1) *v /{2 * Sqr(T) - {b-r) * S* Exp((b - r) * T) * CND{(d1} - r * X
* Exp(-r * T) * CNB{d2)
Elself CallPutFiag = "p" Than
GTheta=-S* Exp((b-r) *T) *ND{d1) *v/ (2 *Sgr(T) +(b-N *S* Exp({b- 1) * T) * CND(-d1) + r
*X* Expl-r* T) * CND(-d2)
End If

End Function
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3.6 A1 Rho

' Rho for the generalized Black and Scholes formula
Public Function GRho.(CaIIPutFIag As String, S As Double, X As Double, T As Double, r As Double, b
As Douole, v As Double) As Double '

(im d1 As Double, d2 As Double

d1={Log(S/X) +b+v*2/2)*T)/{v*Sar(T))
g2 =d1-v* Sgr(T)
If CallPutFlag = “¢" Then
If b <> 0 Then
GRho = T * X * Exp{-r * T) * CND(d2)
Else
GRho = -T * GBlackScholes(CallPutFtag, S, X. T, r, b, v)
End If
Elself CaliPutFlag = "p" Then
Ifb <=0 Then
GRho = -T* X * Expl-r * T) * CND{-dZ2)
Else
GRho = -T * GBlackScholes{CallPutFlag, S, X, 7,1, b, v)
End If
End If

End Function
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3. A1 Lambda (A1 Vega)
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