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1.4 ϔϧϓͷํ͍࢖

--> help [ௐ΂͍ͨؔ਺໊ɾߏจ໊]

(ྫ)

--> help plot // plotؔ਺ͷํ͍࢖Λௐ΂Δ
--> help if // ifจ (if then else)ͷํ͍࢖Λௐ΂Δ

1.5 ม਺΁ͷ஋ͷ୅ೖͱফڈ

CޠݴͰ͸ม਺Λར༻͢Δલʹม਺ͷܕΛએ͢ݴΔඞཁ͕͋Δ͕ɼScilabͰ͸ࣄલʹએ͢ݴΔඞཁ͸ͳ͍ɽ

--> a=1 // ม਺ aʹ 1Λ୅ೖ͢Δ৔߹ a=1 ͱهड़͢Δɽ
a =

1. // ୅ೖͨ݁͠Ռ͕ Scilab΢Οϯυ΢಺ʹදࣔ͞ΕΔɽ

--> a=1; // ࣜͷޙ࠷ʹηϛίϩϯ (;)Λ෇͚Δͱ݁Ռ͸දࣔ͞Εͳ͍ɽ

--> a=1, b=2; c=3; A=4 // ಉҰߦͷෳ਺ͷࣜ͸ίϯϚ (,)͔ηϛίϩϯ (;)Ͱ۠੾Δɽ
a = // ม਺ͷେจࣈ (a)ͱখจࣈ (A)͸۠ผ͞ΕΔɽ

1.
A =

4. // ηϛίϩϯ (;)Λ෇͚ͨࣜͷ݁Ռ͸දࣔ͞Εͳ͍ɽ

--> a // ఆٛࡁΈͷม਺ aͷ஋ͷදࣔ
a =

1.

--> clear // ͜Ε·Ͱʹ୅ೖ͞Εͨม਺ͷ஋Λશͯফ͢ڈΔɽ

--> a // ౓ɼม਺࠶ aͷ஋ͷදࣔͯ͠ΈΔɽ
!--error 4 // clear͕࣮͞ߦΕͨޙͳͷͰɼ

undefined variable : a // ม਺ aͷ஋͸ఆٛ͞Ε͍ͯͳ͍ͱ͍͏Τϥʔϝοηʔδ͕ग़Δ

1.6 ࢛ଇԋࢉ

--> 10+3*(16-2^3)/4
ans =

16.

--> ans // ௚લͷԋ݁ࢉՌ͸ ansͱ͍͏ม਺ʹ୅ೖ͞ΕΔɽ
ans =

16.

--> a=1; b=2; c=3; A=4; d=a+b*c-A
d =

3.

ද 1.1ʹ࢛ଇԋࢉ౳ͷه߸Λ·ͱΊΔɽୠ͠ɼ࢝Ίʹυοτʮ.ʯ͕෇͘ԋࢠࢉʮ.*ʯʮ./ʯʮ.ˆʯ͸ɼϕΫτϧಉ࢜΍
ɼରԠ͢Δ͍͓ͯʹࢉಉ࢜ͷԋྻߦ (Ґஔ͕ಉ͡)ཁૉؒͰԋࢉΛ͏ߦ৔߹ʹ༻͍Δɽৄ͘͠͸ 1.9અͰઆ໌͢Δɽ

ද 1.1: ԋهࢉ߸

ԋࢉ Ճࢉ ࢉݮ ৐ࢉ আࢉ ྦྷ৐

දه a+b a-b
a*b a/b aˆ b

a.*b a./b a.ˆ b
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1.7 ಛघม਺

ScilabͰ͸ɼԁप཰ π΍ڏ਺ iͳͲͷಛघม਺͕༻ҙ͞Ε͍ͯΔɽͦΕΒͷଟ͘͸಄ʹ%͕෇͘ɽ

--> x = %pi // ԁप཰: %pi
x =

3.1415927

--> y = 3+2*%i // :਺୯Ґڏ %i
y =

3. + 2.i
--> real(y) // realؔ਺Ͱ yͷ࣮਺෦Λදࣔ
ans =

3.
--> imag(y) // imagؔ਺Ͱ yͷڏ਺෦Λදࣔ
ans =

2.

--> e = %eps // 1 + eps > 1 ͱͳΔ࠷খͷ஋ (ϚγϯɾΠϓγϩϯͱݺ͹ΕΔɽςΩετ p.8)
e = // %eps ͸ (1/2)ͷ 52৐ʹ౳͍͠ɽ52͸ doubleܕͷԾ਺෦ͷϏοτ਺

2.220E-16

--> 20-15;
--> ans // ௚લͷԋ݁ࢉՌ: ans (ansʹ͸%͕෇͔ͳ͍)
ans =

5.

1.8 formatؔ਺ʹΑΔ਺஋දࣔͷܻ਺ͷ੍ޚ

ScilabͰ਺஋Λදࣔ͢Δ৔߹ɼσϑΥϧτͰ͸ 8ܻ͔͠දࣔ͞Εͳ͍ɽ

--> x = 3.14159265358979323846264338327950288419716
x =

3.1415927 // 8ܻ͔͠දࣔ͞Εͳ͍

දࣔ͢ΔܻΛ૿΍͢ʹ͸ɼformatؔ਺Λ͏࢖ɽ

--> format(14) // ఆͨ͠਺-2ࢦ ܻදࣔ͞ΕΔ
--> x
x =

3.14159265359 // 12ܻදࣔ͞ΕΔ
--> format(34)
--> x
x = 3.1415926535897931159979634685442 // 32ܻදࣔ͞ΕΔ͕ɼ16ܻҎ্ͷਫ਼౓͸ͳ͍ɽ

1.9 ϕΫτϧ΍ྻߦͷѻ͍

1.9.1 ϕΫτϧͷදݱ

--> x = 0:10 // 0͔Β 10·ͰΛཁૉʹ࣋ͭϕΫτϧΛ࡞Δɽ
x =

0. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

--> y = 1:3:10 // 1͔Β 10·Ͱ Δɽ࡞ΈͷཁૉΛ࣋ͭϕΫτϧΛࠁ3
y =

1. 4. 7. 10.

--> a = y(3) // ϕΫτϧ yͷ 3൪໨ͷཁૉΛऔΓग़͢ɽ(ఴࣈ͸ 1͔Β࢝·Δ͜ͱʹ஫ҙ)
a =

7.

3
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--> a = y(5) // ϕΫτϧ yͷ 5൪໨ͷཁૉΛऔΓग़ͦ͏ͱ͢Δɽ
!--error 21 // 5൪໨ͷཁૉ͸ଘ͠ࡏͳ͍ͷͰఴ͕ࣈෆద੾ͱͷΤϥʔϝοηʔδ͕ग़Δɽ

invalid index

--> a = y(0) // ϕΫτϧ yͷ 0൪໨ͷཁૉΛදࣔɽ
!--error 21 // ϕΫτϧͷఴࣈ͸ඞͣ 1͔Β࢝·ΔͷͰɼ0ҎԼ͸ΤϥʔͱͳΔɽ

invalid index

--> b = y($) // ϕΫτϧ yͷޙ࠷ͷཁૉΛऔΓग़͢ɽ
b =

10.

--> c = x(1:3) // ϕΫτϧ xͷ࠷ॳʙ3൪໨ͷཁૉΛऔΓग़͢ɽ
c =

0. 1. 2.

--> d = x(2:3:$) // ϕΫτϧ xͷ 2൪໨ʙޙ࠷ͷཁૉ·Ͱ 3ͭඈ͹͠ʹऔΓग़͢ɽ
d =

1. 4. 7. 10.

--> z = y’ // ϕΫτϧͷసஔ
z =

1.
4.
7.
10.

--> y+y // ϕΫτϧಉ࢜ͷ࿨
ans =

2. 8. 14. 20.

--> sum(y) // ϕΫτϧͷશཁૉͷ࿨
ans =

22.

--> prod(y) // ϕΫτϧͷશཁૉͷੵ
ans =

280.

--> y*y’ // yͱ yͷసஔϕΫτϧͷੵ (݁Ռ͸εΧϥʔ)
ans =

166.

--> y’*y // yͷసஔϕΫτϧͱ yͷੵ (݁Ռ͸ྻߦ)
ans =

1. 4. 7. 10.
4. 16. 28. 40.
7. 28. 49. 70.
10. 40. 70. 100.

--> y.*y // yͷཁૉಉ࢜ͷੵ (݁Ռ͸ϕΫτϧ)
ans =

1. 16. 49. 100.
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1.9.2 ݱͷදྻߦ

--> A = [1,2,3;4,5,6] // ʷߦ2 3ྻͷྻߦɽߦ͸ηϛίϩϯ (;)Ͱ۠੾Δɽ
A = // ྻ͸ίϯϚ (,)·ͨ͸εϖʔεͰ۠੾ΔɽA=[1 2 3; 4 5 6] Ͱ΋Մɽ

1. 2. 3.
4. 5. 6.

--> A = [1,2,3 // ·ͨ͸վߦͰ΋۠੾Δ͜ͱ͕Ͱ͖Δɽ
--> 4,5,6]
A =

1. 2. 3.
4. 5. 6.

--> x = A(2,1) // ໨ͷߦ2 1ྻ໨ͷཁૉΛऔΓग़͢ɽ(ྻߦͷఴࣈ͸ 1͔Β࢝·Δ͜ͱʹ஫ҙ)
x =

4.

--> y = A(1,:) // ໨ΛશͯऔΓग़͢ɽߦ1
y =

1. 2. 3.

--> z = A(:,2) // 2ྻ໨ΛશͯऔΓग़͢ɽ
z =

2.
5.

--> A’ // AͷసஔྻߦΛදࣔ͢Δɽ
ans =

1. 4.
2. 5.
3. 6.

--> B = eye(3,3) // ʷߦ3 3ྻͷ୯ҐྻߦΛ࡞Δɽ
B =

1. 0. 0.
0. 1. 0.
0. 0. 1.

--> C = zeros(2,3) // ʷߦ2 3ྻͷཁૉ͕શͯ 0ͷྻߦΛ࡞Δ
C =

0. 0. 0.
0. 0. 0.

--> D = ones(2,3) // ʷߦ2 3ྻͷཁૉ͕શͯ 1ͷྻߦΛ࡞Δ
D =

1. 1. 1.
1. 1. 1.

--> A.*A // ྻߦ Aͷཁૉಉ࢜ͷੵ
ans =

1. 4. 9.
16. 25. 36.

--> A’*A // Aͷసஔྻߦͱ Aͷੵ
ans =

17. 22. 27.
22. 29. 36.
27. 36. 45.

--> 2*A // εΧϥʔͱྻߦͷੵ
ans =

2. 4. 6.
8. 10. 12.
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ද 1.2: ࿦ཧԋࢉͷهड़ͷํ࢓

࿦ཧԋࢉ a < b a ≤ b a > b a ≥ b a = b a #= b and or

ScilabͰͷԋࢉදه a<b a<=b a>b a>=b a==b ã =b or a<>b & ʛ

--> C = [1,2;3,4] // 2x2ͷਖ਼ํྻߦ CΛఆٛ
A =

1. 2.
3. 4.

--> C*C // C*C ͷࢉܭ (௨ৗͷྻߦͷੵ)
ans =

7. 10.
15. 22.

--> C.*C // C.*C ͷࢉܭ (ͷཁૉಉ࢜ͷੵྻߦ)
ans = // C*C ͱ C.*Cͷ݁Ռ͕ҟͳΔ͜ͱʹ஫ҙ

1. 4.
9. 16.

1.10 ৚݅จɼ܁Γฦ͠จ

1.10.1 ifจ

if ʤ৚݅ࣜʥ then // then ͸ ৚݅ࣜͷޙʹվߦ·ͨ͸ίϯϚΛೖΕΕ͹লུ΋Ͱ͖Δ
ʤ໋ྩʥ

elseif ʤ৚݅ࣜʥ then
ʤ໋ྩʥ

else
ʤ໋ྩʥ

end

ͳ͓ɼ৚݅จͳͲͰར༻Ͱ͖Δ࿦ཧԋهࢉ߸ʹ͸ɼද 1.2ͷΑ͏ͳ΋ͷ͕͋Δɽ

ʻྫʼ
--> score = 70;
--> if score > 80 then
--> disp("Well done.");
--> elseif score > 60 then
--> disp("Good.");
--> else
--> disp("Be serious.");
--> end
Good. // 2ͭ໨ͷ৚݅จ͕࣮͞ߦΕΔɽ

1.10.2 forจ

forʤϧʔϓม਺ʥ=ʤϧʔϓม਺ͷൣғʥ
ʤ໋ྩʥ

end

ʻྫʼ
--> s = 0; // ࿨Λ୅ೖ͢Δม਺Λ s=0ͰॳظԽ
--> for i = 1:10 // for i=[1 2 3 ... 10] ʹಉ͡
--> s = s + i; // sʹ iΛՃ͑ͯ͘ߦ
--> end
--> s // ऴతͳ࿨࠷ sͷ஋Λදࣔ
s =

55.
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--> for k=0:2:4 // for k=[0 2 4] ʹಉ͡
--> disp(k); // kͷ஋Λදࣔ
--> end

0.
2.
4.

--> for k=3:-1:0 // for k=[3 2 1 0] ʹಉ͡
--> disp(k); // kͷ஋Λදࣔ
--> end

3.
2.
1.
0.

1.10.3 whileจ

whileʤ৚݅ࣜʥ
ʤ໋ྩʥ

end

ʻྫʼ
--> a = 3;
--> while a > 0
--> disp(a);
--> a=a-1;
--> end

3.
2.
1.

1.10.4 select-caseจ

Cޠݴ switch-caseจʹ૬౰͢Δ΋ͷͰ͋Δɽ

--> n = ceil(4*rand()) // 0ʙ4ͷཚ਺Λൃੜ͠ɼখ਺Λ੾্͛ͨ 1,2,3,4͍ͣΕ͔ͷ੔਺Λ nʹ୅ೖ
--> select n
--> case 1 then
--> disp("odd number!") // n = 1 Ͱ͋Ε͹ odd number! ͱग़ྗ(਺ح)
--> case 3 then
--> disp("odd number!") // n = 3 ͷ৔߹΋ odd number! ͱग़ྗ(਺ح)
--> else
--> disp("even number!") // ͦͷଞ n = 2 or 4 ͷ৔߹͸ even number! ͱग़ྗ(਺ۮ)
--> end
n = // ͜ͷ࣮ྫߦ͸ɼൃੜͨ͠ཚ਺͕ 2.xxxx ͩͬͨ৔߹ɽ੾্͛ͯ n=3

3.
odd number! // case 3 ʹ౰ͯ͸·ΔͨΊ odd number! ͱग़ྗ
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1.11 εΫϦϓτϑΝΠϧͷ࣮ߦ

ෳ਺ͷ໋ྩΛ·ͱΊ࣮ͯ͢ߦΔʹ͸ɼScilabίϯιʔϧʹҰ໋ͭͣͭྩΛೖྗ͢ΔΑΓ΋ɼ͋Β͔͡Ίͦͷ໋
ྩͷྻΛϑΝΠϧʹهड़͠ (͜ΕΛ ScilabεΫϦϓτͱݺͿ)ɼ͜ͷεΫϦϓτϑΝΠϧ͔Β࣮͢ߦΔํ͕ศརͰ
͋Δɽ·ͣɼ࣮ྩ໋͍ͨ͠ߦͷྻΛɼSciNotes౳Λར༻ͯ͠ϑΝΠϧʹهड़͢Δɽྫ͑͹ɼ࣍ͷΑ͏ͳ಺༰ΛϑΝ
Πϧʹهड़͠ɼsample.sciͱ͍͏໊લͰอଘ͢Δɽอଘ͢ΔϑΝΠϧ໊ͷ֦ுࢠ͸ԿͰ΋Α͍͕ɼ෼͔Γ΍͘͢͢
ΔͨΊɼ͜͜Ͱ͸ʮ.sciʯͱ͢Δɽ

(஫) ϑΝΠϧΛอଘ͢Δ৔ॴ͸ʮϗʔϜσΟϨΫτϦʯͷԼͱ͢Δ͜ͱɽྫ͑͹ɼʮϗʔϜσΟϨΫτϦʯͷதʹ
ʮn-anaʯͱ͍͏໊લͷϑΥϧμΛ࡞ΓɼͦͷதʹεΫϦϓτ΍ؔ਺ͷϑΝΠϧΛอଘ͢ΔͱΑ͍ɽ(σεΫ
τοϓ౳ʹϑΝΠϧΛอଘͯ͠΋ɼ࣍ճҎ߱ϩάΠϯͨ࣌͠ʹϑΝΠϧ͕ফ͍͑ͯΔՄೳੑ͕͋ΔͨΊɽ)

// --- sample.sci ͷத਎ -----------
a=10;
b=20;
x=a*b
// ---------------------------------

ScilabεΫϦϓτΛ࣮͢ߦΔʹ͸ɼ·ͣɼ্ࠨͷ “File”ϝχϡʔ͔Β “Change Directory”Λબ୒͠ɼ্ཱ͕ͪΔ
΢Οϯυ΢ͷத͔ΒɼεΫϦϓτϑΝΠϧΛอଘͨ͠ϑΥϧμΛબ୒ͯ͠ɼͦͷϑΥϧμʹҠಈ͢Δɽ࣍ʹɼ“File”
ϝχϡʔ͔Β “Exec...”Λબ୒͠ɼϦετͷத͔Β࣮͍ͨ͠ߦεΫϦϓτͷϑΝΠϧ໊ (͜͜Ͱ͸ɼsample.sci)Λ
બͼɼ“։͘”ϘλϯͰ࣮͢ߦΕ͹Α͍ɽ

--> a=10;
--> b=20;
--> x=a*b
x =

200.

·ͨ͸ɼexecؔ਺Λ༻͍Δ͜ͱ΋Ͱ͖Δɽ

--> exec(’sample.sci’) // ϑΝΠϧ໊͸γϯάϧΫΥʔτ’ ’·ͨ͸μϒϧΫΥʔτ" "ͰׅΔɽ
--> a=10;
--> b=20;
--> x=a*b
x =

200.

1.12 ίϝϯτ

ScilabͰɼ// ͸ɼίϝϯτه߸ͱͯ͠Έͳ͞ΕΔɽͭ·ΓɼScilabͷεΫϦϓτϑΝΠϧ΍ؔ਺ϑΝΠϧʹ͓
͍ͯɼߦ಄΍ߦͷ్தʹ // ͱهड़͢Ε͹ɼͦͷߦͷӈଆ͸શͯແ͞ࢹΕΔɽ

--> a=1 // a=2 ˡ a=2 ͷ෦෼͸ແ͞ࢹΕΔɽ
a =

1.

1.13 ؔ਺ͷఆٛͱํ͍࢖

ؔ਺͸ɼεΫϦϓτͱ͸ผͷϑΝΠϧʹهड़ͯ͠อଘ͠ɼͦΕΛಡΈࠐΜͰར༻͢Δɽ

1.13.1 (ྫ 1) 2ม਺ͷੵΛฦؔ͢਺multiplyͷఆٛ (Ҿ਺ 2ͭɼฦΓ஋ 1ͭ)

ྫͱͯ͠ɼϑΝΠϧmultiply.sciʹ 2ม਺ͷੵΛฦ͢ Scilabؔ਺multiplyΛهड़͢Δɽؔ਺໊ͱϑΝΠϧ໊Λ
ಉ͡ʹ͢Δඞཁ͸ͳ͍͕ɼ౷Ұ͓ͯ͘͠ͱΘ͔Γ΍͍͢ɽ

// --- multiply.sci ͷத਎ -------------
function z = multiply(x,y) // ฦΓ஋ 1ͭɼҾ਺ 2ͭͷؔ਺ multiply
z = x*y // x ͱ y ͷੵΛฦ͢
endfunction // ؔ਺ͷఆٛͷऴΘΓ (endfunction͸লུՄೳ)
// ---------------------------------

8



Scilabؔ਺ͷϑΝΠϧΛಡΈࠐΜͰؔ਺Λར༻Ͱ͖ΔΑ͏ʹ͢ΔͨΊʹ͸ɼScilabεΫϦϓτϑΝΠϧͷಡΈࠐ
Έͱಉ༷ʹɼScilab΢Οϯυ΢ͷ্ࠨͷ “File”ϝχϡʔͷ “Exec...”Λબ୒͠ɼ্ཱ͕ͪΔ΢Οϯυ΢ͷத͔Βಡ
ΈࠐΈ͍ͨؔ਺ͷϑΝΠϧ໊ (͜͜Ͱ͸ɼmultiply.sci)Λબͼɼ“։͘”ϘλϯΛΫϦοΫ͢Ε͹Α͍ɽ͜ΕͰؔ਺
ͷಡΈࠐΈ͕ྃ͠׬ɼmultiplyͱ͍͏ؔ਺͕ར༻Ͱ͖ΔΑ͏ʹͳΔɽ

--> multiply(10,5)*2
ans =

100.

·ͨ͸ɼexecؔ਺Λ༻͍ͯؔ਺ΛಡΈࠐΉ͜ͱ΋Ͱ͖Δɽ

--> exec(’multiply.sci’)
--> multiply(10,5)*2
ans =

100.

1.13.2 (ྫ 2) ԁपͱԁͷ໘ੵΛฦؔ͢਺ circleͷఆٛ (Ҿ਺ 1ͭɼฦΓ஋ 2ͭ)

௨ৗɼCޠݴ౳Ͱ͸ฦΓ஋͕ෳ਺͋Δؔ਺͸ఆٛͰ͖ͳ͍ (ϙΠϯλ౳Λར༻͢Δඞཁ͕͋Δ)͕ɼScilabͰ͸
ฦΓ஋͕ෳ਺ͷؔ਺΋؆୯ʹهड़Ͱ͖Δɽ

// --- circle.sci ͷத਎ -----------
function [perimeter, area] = circle(r) // Ҿ਺ 1ͭɼ ฦΓ஋ 2ͭͷؔ਺ circle
perimeter = 2 * %pi * r; // 1ͭ໨ʹʮԁपʯΛฦ͢
area = %pi * r * r; // 2ͭ໨ʹʮԁͷ໘ੵʯΛฦ͢
endfunction // ؔ਺ఆٛͷऴΘΓ
// ---------------------------------

ؔ਺ circleΛϑΝΠϧ͔ΒಡΈࠐΜͰར༻͢Δʹ͸ɼҎԼͷΑ͏ʹ͢Δɽ

--> exec(’circle.sci’) // circle ؔ਺ͷಡΈࠐΈ
--> [p,a]=circle(3) // ൒ܘ 3ͷԁपͱԁͷ໘ੵ
a = // ฦΓ஋͕ෳ਺ͳΒɼ୅ೖઌ΋ϕΫτϧ (ྫ:[p,a])ͱ͢Δ

28.274334 // ԁͷ໘ੵ͕ a
p =

18.849556 // ԁप͕ p (pͱ aͷදࣔͷॱ൪͸ٯͱͳΔ)

1.13.3 (ྫ 3) Ծ਺෦ͷ 0,1ͷฒͼΛฦؔ͢਺ significandͷఆٛ (Ҿ਺ 1ͭɼฦΓ஋ 1ͭ)

͜ͷؔ਺͸ɼ͋Δ 1ҎԼͷ਺ࣈ xΛഒਫ਼౓ͷුಈখ਺఺Ͱදͨ͠ݱ৔߹ͷԾ਺෦ (52 Ϗοτ)ͷ 0,1ͷฒͼΛจ
ͱͯ͠ฦؔ͢਺Ͱ͋Δɽྻࣈ

// --- significand.sci ͷத਎ -----
function bit = significand(x) // 0<x<1 ͷԾ਺෦ͷ 0,1ͷฒͼ (52bit෼)Λฦؔ͢਺
bit = ’’; // Ծ਺෦Λද͢จྻࣈ bit Λۭͷจྻࣈͱͯ͠ॳظԽ͢Δ
while x < 1 // x ͕ 1Ҏ্ʹͳΔ·Ͱ
x = x*2; // x Λ 2ഒ͢Δ

end
x = x - 1;
for j = 1:52 // Ծ਺ͷܻ਺ (52ճ)܁Γฦ͢
if x >= 0.5 // x ͕ 0.5 Ҏ্Ͱ͋Ε͹
bit = bit + ’1’; // Ծ਺෦ bit ͷޙΖʹ 1Λ௥Ճ͠
x = x - 0.5; // x ͔Β 0.5 ΛҾ͘ ϏοτΛͷࠨ࠷) 1Λআ͘)

else // x ͕ 0.5 ະຬͰ͋Ε͹
bit = bit + ’0’; // Ծ਺෦ bit ͷޙΖʹ 0Λ௥Ճ

end
x = x*2; // xΛೋഒͯ͠Ұܻࠨ΁γϑτ͢Δ

end
endfunction
// ---------------------------------

--> exec("significand.sci") // significand ؔ਺ͷಡΈࠐΈ
--> significand(0.0328) // 0.0328ͷԾ਺෦
ans =
0000110010110010100101011110100111100001101100001001
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ਤ 1.2: plotؔ਺ͷ࣮ྫߦ (sin(x))
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ਤ 1.3: plot2dؔ਺ͷ࣮ྫߦ (sin(x), cos(x))

−10 −8 −6 −4 −2 0 2 4 6 8 10
−15

−10

−5

0

5

10

15

ਤ 1.4: plot2dؔ਺ͷ࣮ྫߦ (sin(x)-x, 2cos(x))

1.14 άϥϑͷඳը

--> x=-10:0.001:10; // x͸-10ʙ10·Ͱ .Έࠁ0.001 x=[-10 -9.999 -9.998 ... 9.999 10] ʹಉ͡
--> y=sin(x); // y=[sin(-10) sin(-9.999) ... sin(9.999) sin(10)] ʹಉ͡
--> plot(x,y); // sin(x)ͷάϥϑͷදࣔ (ਤ 1.2). plot(x,sin(x))Ͱ΋ OK

--> mtlb_hold off // MATLABؔ਺ͷ hold (mtlb_Λ෇͚Δ͜ͱͰ MATLABؔ਺͕͑࢖Δ৔߹͕͋Δɽ)
// ৽͍͠άϥϑͰ্ॻ͖͢ΔϞʔυʹ͢Δͯ͠ڈදࣔ͞Ε͍ͯΔάϥϑΛফࡏݱ
// ʹٯ mtlb_hold on ͱ͢Ε͹άϥϑΛॏͶ߹ΘͤͯදࣔͰ͖Δ

--> y=sin(x);
--> z=cos(x);
--> plot2d(x’,[y’ z’]); // sin(x), cos(x)ͷάϥϑͷදࣔ (ਤ 1.3)

// 2ͭҎ্ͷάϥϑ͸ plot2dؔ਺Ͱಉ࣌ʹඳըͰ͖Δ
// ୠ͠ɼplot2dͰ͸ॎϕΫτϧͰࢦఆ͢Δ (’͸సஔΛද͢)

--> mtlb_hold off
--> y=sin(x)-x;
--> z=2*cos(x);
--> plot2d(x’,[y’ z’]); // sin(x)-x, 2cos(x)ͷάϥϑͷදࣔ (ਤ 1.4)

1.15 άϥϑͷอଘ

ScilabͰϓϩοτͨ͠άϥϑΛϑΝΠϧͱͯ͠อଘ͢Δʹ͸ɼάϥϑͷ΢Οϯυ΢ͷ Fileϝχϡʔ͔ΒɼExport
Λબ୒͢Δɽͦ͜Ͱɼอଘ͢ΔਤͷࣜܗɾϑΝΠϧ໊Λࢦఆ͠ɼOkϘλϯͰอଘ͢Δɽ
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ୈ2ষ ݱͰͷ਺஋ද্ػࢉܭ

ͱɼ࣮਺Λදͨ͢Ίͷුಈখ਺఺දݱΔओͳํ๏ͱͯ͠͸ɼ੔਺Λදͨ͢Ίͷ੔਺ද͢ݱͰ਺஋Λද্ػࢉܭ
Δ͕ɼ͜͜Ͱ͸৮Εͳ͍ɽ͕͋ݱఆখ਺఺දݻͷଞʹɼݱΔɽුಈখ਺఺ද͕͋ݱ

2.1 ੔਺දݱ

๏ʹ͸ɼେ͖͘෼͚ͯɼ0Ҏ্ͷ੔਺ͷΈΛද͢ූ߸ͳ͠ํݱͷ੔਺ͷද্ػࢉܭ (unsigned)੔਺ͱɼෛͷ਺
΋ؚΊͨ੔਺Λද͢ූ߸෇͖ (signed)੔਺ͷ 2छྨ͕͋Δɽ

2.1.1 ූ߸ͳ͠੔਺දݱ

Cޠݴͷ unsigned charܕ, unsigned shortܕ, unsigned intܕ, unsigned long ܭ౳͕͜Εʹ౰ͨΔɽଟ͘ͷܕ
Ͱ͸ɼunsignedػࢉ char͸ 1όΠτ (8Ϗοτ)ɼunsigned short͸ 2όΠτ (16Ϗοτ)ɼunsigned int͸ 4όΠ
τ (32Ϗοτ)ɼunsigned long͸ 8όΠτ (64Ϗοτ)Ͱɼ0Ҏ্ͷ੔਺Λද͢ݱΔɽྫ͑͹ɼunsigned charܕͰ
͋Ε͹ɼ8ܻͷ 0,1ͷฒͼͰ 2ਐ਺ 00000000ʙ11111111 (10ਐ਺ͷ 0ʙ255)ͷ 256छྨͷ੔਺ΛදݱͰ͖Δɽ

2.1.2 ූ߸෇͖੔਺දݱ

Cޠݴͷ charܕ, shortܕ, intܕ, longܕ౳͕͜Εʹ౰ͨΔɽଟ͘ͷػࢉܭͰ͸ɼchar͸ 1όΠτ (8Ϗοτ)ɼ
short͸ 2όΠτ (16Ϗοτ)ɼint͸ 4όΠτ (32Ϗοτ)ɼlong ͸ 8όΠτ (64Ϗοτ)Ͱɼෛͷ਺ʙਖ਼ͷ਺·Ͱ
Λද͍ͯ͠ݱΔɽྫ͑͹ɼcharܕͰ͋Ε͹ɼ−128ʙ127·Ͱͷ 256छྨͷ੔਺ΛදݱͰ͖Δɽ(ෛͷ਺ͷํ͕ɼද
͕ࣈͰ͖Δ਺ݱ 1ͭଟ͍ɽ)
͜͜Ͱɼෛͷ਺͸ʮ2ͷิ਺දݱʯͰද͞Ε͍ͯΔɽ͋Δෛͷ਺ͷ 2ͷิ਺දݱ͸ɼͦͷ਺ͷઈର஋Λ 2ਐ਺Ͱ

දͨ͠΋ͷͷ 0ͱ 1Λ൓సͤͯ͞ɼ1ΛՃ͑ͨ΋ͷʹ౳͍͠ɽྫ͑͹ɼcharܕͰ−100Λ 2ͷิ਺දݱͰද͢৔߹ɼ
100 = 64 + 32 + 4 = 26 + 25 + 22 Ͱ͋Δ͔Βɼͦͷ 2ਐ਺ 1100100ͷ಄ʹ 0ΛຒΊͯ 8ܻʹ֦ுͨ͠ 01100100
ͷ 0ͱ 1Λ൓సͤͯ͞ 10011011ͱ͠ɼͦΕʹ 1ΛՃ͑ͨ 10011100͕ −100ͷ 2ͷิ਺දݱͱͳΔɽ

2.2 ුಈখ਺఺දݱ

ුಈখ਺఺දݱ͸ɼ࣍ࣜͷΑ͏ʹද͞ΕΔ࣮਺Λʮූ߸෦ʯʮࢦ਺෦ʯʮԾ਺෦ʯͷ૊߹ͤͰද͢ݱΔํ๏Ͱ͋
Δɽ୅දతͳ΋ͷʹ 4όΠτ (32Ϗοτ)ͷ୯ਫ਼౓ɼ8όΠτ (64Ϗοτ)ͷഒਫ਼౓ͷදํݱ๏͕͋Δɽ

(−1)ʮූ߸෦ʯ× (1 + 0.ʮԾ਺෦ʯ)× 2(ʮࢦ਺෦ʯ−ήλ)

2.2.1 ୯ਫ਼౓ͷුಈখ਺఺දݱ

୯ਫ਼౓ (4όΠτ)ුಈখ਺఺දݱ͸ɼCޠݴͷ floatܕʹ૬౰͢Δɽූ߸෦ 1Ϗοτɼࢦ਺෦ 8ϏοτɼԾ਺෦
23Ϗοτͷ߹ܭ 32Ϗοτ (32ܻ)ͷ 0,1ͷฒͼͰ਺஋͕ද͞ݱΕΔɽූ߸෦͸ɼਖ਼ͷ਺ͷ৔߹ 0ɼෛͷ਺ͷ৔߹
1ͱͳΔɽࢦ਺෦͸ 8ϏοτͰ −127ʙ128ͷൣғΛදݱͰ͖Δ͕ɼ࣮ࡍ͸ɼ127ͷʮήλʯ͕଍͞ΕͨܗͰ 0ʙ
255(ූ߸ͳ͠ 8Ϗοτ੔਺) Ͱද͞ݱΕ͍ͯΔɽͭ·Γɼࢦ਺෦ͷ਺஋͔Β 127ΛҾ͚͹ɼ࣮ࡍͷࢦ਺ͷ஋ͱͳΔɽ
ୠ͠ɼ2.2.3અͰड़΂ΔΑ͏ʹɼࢦ਺෦͕ 0 (શ͕ͯ 0)ͱ 255 (શ͕ͯ 1)ͷ৔߹͸ɼಛघͳ਺஋ʹׂΓ౰ͯΒΕͯ

͍ΔͨΊɼಛघͳ਺஋Λআ͘਺஋ (ਖ਼نԽ਺)ʹ͍ͭͯ͸ɼࢦ਺෦͕ 1ʙ254ͷൣғɼͭ·Γɼࢦ਺͕ −126ʙ127
৐·Ͱ (128৐ະຬ)ͷൣғͰ਺஋ΛදݱͰ͖Δɽ
ྫ͑͹ɼ10ਐ਺ͷ −18.3125͸ɼ

−18.3125 = −(16 + 2 + 0.25 + 0.0625) = −(24 + 21 + 2−2 + 2−4) = −(10010.0101)2 = −(1.00100101)2 × 24
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Ͱ͋Δ͔Βɼූ߸෦͸ෛͷ਺Λද͢ 1, ਺෦͸ࢦ 24ͷࢦ਺ 4ʹήλ 127Λ଍ͨ͠ 131ͷ 2ਐ਺ 10000011ɼԾ਺෦
͸ 1.00100101ͷʮ1.ʯͷଓ͖ 00100101ͷӈଆʹ 0ຒΊͨ͠ 00100101000000000000000ͱͳΔɽͭ·Γɼશମ 32
Ϗοτͷ 0,1ͷฒͼ͸࣍ͷ௨ΓͱͳΔɽ

11000001100100101000000000000000 ← −18.3125ͷ floatܕͰͷුಈখ਺఺දݱ

ͦͷଞͷྫͱͯ͠ɼ−32768Λ floatܕͰද͢ݱΔ͜ͱΛ͑ߟΔͱɼ

−32768 = −215 = −(1.0)2 × 215

Ͱ͋Δ͔Βɼූ߸෦͕ 1ɼࢦ਺෦͕ 215 ͷ 15ʹήλ 127ΛՃ͑ͨ 142ͷ 2ਐ਺ 10001110, Ծ਺෦͸ɼ1.0ͷ 1.Λ
আ͍ͨ 0ɼͭ·Γ 23ܻશ͕ͯ 0ͷฒͼͱͳΔɽ

11000111000000000000000000000000 ← −32768ͷ floatܕͰͷුಈখ਺఺දݱ

͜͜Ͱɼಉ͡਺ࣈ −32768Λ intܕͰද͢ݱΔ͜ͱΛ͑ߟΔͱɼ

00000000000000001000000000000000 (32768ͷ 2ਐ਺)

↓ 0ͱ 1Λ൓స

11111111111111110111111111111111 (−32768ͷ 1ͷิ਺දݱ)

↓ 1ΛՃ͑Δ

11111111111111111000000000000000 ← −32768ͷ intܕͰͷ੔਺දݱ (−32768ͷ 2ͷิ਺දݱ)

ͱͳΓɼintܕɾfloatڞܕʹಉ͡ 4όΠτ (32ܻ)Ͱ͋Δ͕ɼ্ػࢉܭͰ͸ 0,1ͷฒͼ͕ҟͳΔ͜ͱ͕Θ͔Δɽ

2.2.2 ഒਫ਼౓ͷුಈখ਺఺දݱ

ഒਫ਼౓ (8όΠτ)ුಈখ਺఺දݱ͸ɼCޠݴͷ doubleܕʹ૬౰͢Δɽූ߸෦ 1Ϗοτɼࢦ਺෦ 11ϏοτɼԾ਺
෦ 52Ϗοτͷ߹ܭ 64Ϗοτ (64ܻ)ͷ 0,1ͷฒͼͰ਺஋͕ද͞ݱΕɼ୯ਫ਼౓ (4όΠτ)ͷ৔߹ͷ 2ഒͷܻ਺Ͱɼ
ΑΓൣғͷ࣮͍޿਺ΛදݱͰ͖Δɽ୯ਫ਼౓ͷ৔߹ͱಉ༷ʹɼූ߸෦͸ɼਖ਼ͷ਺ͷ৔߹ʹ 0ɼෛͷ਺ͷ৔߹ʹ 1ͱ
ͳΔɽ
਺෦͸ࢦ 11ϏοτͰ −1023ʙ1024ͷൣғͷࢦ਺ΛදݱͰ͖Δ͕ɼ࣮ࡍ͸ɼ1023ͷʮήλʯ͕଍͞ΕͨܗͰ 0

ʙ2047(ූ߸ͳ͠ 11Ϗοτ੔਺) Ͱද͞ݱΕ͍ͯΔɽͭ·Γɼࢦ਺෦ͷ਺஋͔Β 1023ΛҾ͚͹ɼ࣮ࡍͷࢦ਺ͷ஋
ͱͳΔɽ
ୠ͠ɼޙʹ 2.2.3અͰड़΂ΔΑ͏ʹɼࢦ਺෦͕ 0 (શܻ͕ 0)ͱ 2047 (શܻ͕ 1)ͷ৔߹͸ɼಛघͳ਺஋ʹׂΓ౰ͯ

ΒΕ͍ͯΔͨΊɼಛघͳ਺஋Λআ͘਺஋ (ਖ਼نԽ਺)ʹ͍ͭͯ͸ɼࢦ਺෦͕ 1ʙ2046ͷൣғɼͭ·Γɼࢦ਺͕−1022
ʙ1023৐·Ͱ (1024৐ະຬ)ͷൣғͰ਺஋ΛදݱͰ͖Δɽ

2.2.3 ුಈখ਺఺දݱʹ͓͚Δಛघͳ஋ͷද͍ͯͭݱ

ුಈখ਺఺දݱͰ͸ɼྵɼඇਖ਼نԽ਺ɼແݶେɼඇ਺ͷ 4छྨͷಛघͳ਺஋͕ଘ͠ࡏɼͦΕΒͷූ߸෦ɾࢦ਺
෦ɾԾ਺෦ͷ૊߹ͤ͸ɼද 2.1ͷΑ͏ʹͳ͍ͬͯΔɽ

ද 2.1: ුಈখ਺఺දݱʹ͓͚Δಛघͳ਺஋

ಛघͳ਺஋ লུදݱ ූ߸෦ ਺෦ࢦ Ծ਺෦ छྨͱྫ

ྵʢzeroʣ Zero 0 ຢ͸ 1 00 · · · 0 00 · · · 0 ±0ͷ 2छྨଘࡏ

ඇਖ਼نԽ਺ ྵͱਖ਼نԽ਺ͱͷؒͷΪϟοϓΛຒΊΔ਺

ʢdenormal number, Denormal 0 ຢ͸ 1 00 · · · 0 #= 00 · · · 0 (floatɿ2−149 ≤ |r| < 2−126 ͷ਺஋)

subnormal numberʣ (doubleɿ2−1074 ≤ |r| < 2−1022 ͷ਺஋)

ແݶେ (infty) Inf 0 ຢ͸ 1 11 · · · 1 00 · · · 0 ±∞ͷ 2छྨଘࡏ (ྫɿྵׂΓͷ݁Ռ౳)

ඇ਺
NaN 0 ຢ͸ 1 11 · · · 1 #= 00 · · · 0 γάφϧൃੜ͋Γɾͳ͠ͷ NaN͕ଘࡏ

(not a number) (ྫɿෛͷ਺ͷฏํࠜΛऔͬͨ݁Ռ౳)
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ୈ3ষ Ճ଎๏

ຊষͰ͸ɼՃ଎๏ͷྫͱͯ͠ΤΠτέϯՃ଎ͷϓϩάϥϜΛ঺հ͢Δɽ͜ͷྫͰ͸ɼΤΠτέϯՃ଎Ͱ π/4ͷ
஋ͷۙࣅ஋ΛٻΊ͍ͯΔɽࣜ (1.8)ͷඦສ൪໨·Ͱ࿨ (k = 0ʙ1000000)Λͯ͠ࢉܭಘΒΕΔ π/4ͷۙࣅ஋ͱಉਫ਼
౓ͷ஋ΛɼΤΠτέϯՃ଎Ͱ͸ͨͬͨ 24ճͷ܁Γฦ͠ࢉܭͰߴ଎ʹٻΊΒΕΔ͜ͱΛ͍ࣔͯ͠Δɽ

3.1 ΤΠτέϯՃ଎ͷϓϩάϥϜͷྫ

3.1.1 ࣜ (1.8)Λ༻͍ͯ π/4Λ͢ࢉܭΔ Scilabؔ਺ ”pi4.sci”

(Aitken.sci͔Βݺͼग़͞ΕΔؔ਺)

1 // ==================================================================
2 // pi4.sci: ࣜ (1.8)ͷୈ n߲໨·Ͱͷ࿨Λฦ͢ Scilabؔ਺
3 // ==================================================================
4 function Sn = pi4(n);
5 Sn = 0;
6 for k = n:-1:0 // k = 0:nͰ΋ OK. ٯ࿨ͷॱ൪Λͯ͑ߟਫ਼౓Λࢉܭ (n͔Β 0)ʹ͍ͯ͠Δɽ
7 Sn = Sn+((-1)^k)/(2*k+1)
8 end
9 endfunction

3.1.2 ΤΠτέϯՃ଎Ͱ π/4ΛٻΊΔ ScilabεΫϦϓτ ”Aitken.sci”

1 // ----------------------------------------------------------------------
2 // ࣜ (1.8)ͷඦສ൪໨·Ͱͷ࿨ͱಉਫ਼౓ͷК/4ͷ஋ΛΤΠτέϯՃ଎Ͱࢉܭ
3 //
4 // ʻม਺ͷઆ໌ʼ
5 // S: ࣜ (1.19)ͷ݁ࢉܭՌ S_n^(k) (p.10άϨʔ࿮)ͷ஋Λอଘ͢Δ ഑ྻݩ2࣍
6 // m: ഑ྻ Sͷॎํ޲ͷఴࣈ (m = n + 1) n = 0,1,2,ʜ, m = 1,2,3,ʜ
7 // h: ഑ྻ Sͷԣํ޲ͷఴࣈ (h = k + 1) k = 0,1,2,ʜ, h = 1,2,3,ʜ
8 //
9 // ˞ ScilabͰ͸ɼ഑ྻͷఴ͕ࣈ 1͔Β࢝·Δ (CޠݴͰ͸ 0͔Β࢝·Δ)ɽ
10 // ࣜ (1.19)Ͱɼn,k ͸ 0͔Β࢝·Δ͕ɼ0͸഑ྻ Sͷఴࣈͱͯ͑͠࢖ͳ͍ɽ
11 // ͦ͜Ͱఴࣈ༻ͷม਺ m,h Λ༻ҙ͠ɼS_n^(k)ͷ݁ՌΛ഑ྻ S(m,h)ʹอଘ
12 // ----------------------------------------------------------------------
13 clear; // ఆٛࡁͷม਺ͷ஋Λશͯফڈ (ͳͯ͘΋ OK)
14 stacksize(10000000); // ՄೳͳϝϞϦͷαΠζΛ૿΍͢༺࢖ (Γฦ͠ճ਺͕ඇৗଟ͍ͨΊඞཁ܁)
15
16 itr = 1000000; // ࣜ (1.8)ͰԿ൪໨·Ͱ࿨Λ͢ࢉܭΔ͔ (ඦສ൪໨)
17 S_real = %pi/4; // ࣜ (1.8)ͷཧ࿦஋ К/4=0.7853981634ʜ
18 exec(’pi4.sci’); // ࣜ (1.8)ͷؔ਺ͷϑΝΠϧ pi4.sciͷಡΈࠐΈ
19 S_slow = pi4(itr); // ࣜ (1.8)ͷඦສ൪໨·Ͱͷ࿨Λࢉܭ
20 err1 = abs(S_real - S_slow); // ࣜ (1.8)ͷඦສ൪໨·Ͱ࿨ͱཧ࿦஋ͱͷઈରࠩޡ
21 // (ˢΤΠτέϯͷ܁ฦ͠ͷఀࢭ৚݅ͱͯ͠ར༻)
22 for n=0:itr
23 m = n + 1; // m͸഑ྻ Sͷॎํ޲ͷఴࣈ (n͸ 0͔Βɼm͸ 1͔Β࢝·Δ)
24 S(m,1) = pi4(n); // p.9άϨʔ࿮ͷҰ൪ࠨͷྻͷ S_n^(0)ͷ஋ͷࢉܭ
25 err2 = abs(S(m,1) - S_real);
26 for k = 0:((n/2)-1) // p.9άϨʔ࿮಺ΛࠨԼ͔Βӈ্΁ࢉܭ͔ͯͬ޲
27 if err2 <= err1 // খ͘͞ͳͬͨΒऴ͕ྃࠩޡ (breakͰ಺ଆͷ forจ͔Β୤ग़)
28 break
29 end
30 h = k + 1; // h͸഑ྻ Sͷԣํ޲ͷఴࣈ (k͸ 0͔Βɼh͸ 1͔Β࢝·Δ)
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31 m = m - 1; // ΁Ҡಈ͢ΔߦҐஔΛҰஈ্ͷ͏ߦΛࢉܭ
32 S(m,h+1) = (S(m+1,h)*S(m-1,h)-S(m,h)^2)/(S(m+1,h)+S(m-1,h)-2*S(m,h));
33 err2 = abs(S(m,h+1) - S_real); // ˢ ΤΠτέϯՃ଎ͷࣜࢉܭ (1.19)ͦͷ··
34 end
35 if err2 <= err1 // খ͚͞Ε͹ऴ͕ྃࠩޡ (breakͰ֎ଆͷ forจ͔Β୤ग़)
36 break
37 end
38 end
39
40 format(11); // 9ܻ·Ͱ਺஋Λදࣔ͢ΔΑ͏ʹมߋ (9=11-2)
41 disp(S); // ഑ྻ S ͷத਎Λදࣔ
42
43 printf( "error1 = %.16f\n", err1 ); // ࣜ (1.8)ͷ݁Ռͷཧ࿦஋ͱͷࠩޡ
44 printf( "error2 = %.16f\n", err2 ); // ΤΠτέϯͷ݁Ռͷཧ࿦஋ͱͷࠩޡ
45 printf( "S_real = %.16f\n", S_real ); // К/4ͷཧ࿦஋
46 printf( "S_slow = %.16f\n", S_slow ); // ࣜ (1.8)ͷඦສ൪໨·Ͱͷ࿨
47 printf( "S(%d,%d) = %.16f\n", m-1, h, S(m,h+1)); // ΤΠτέϯՃ଎ͷ݁Ռ

3.1.3 Aitken.sciͷ࣮݁ߦՌ

Ҏ্ͷΑ͏ʹɼؔ਺ pi4.sciͱɼεΫϦϓτ Aitken.sci Λهड़͠ɼScilabͷ execίϚϯυͰɼ΋͘͠͸ɼFileϝ
χϡʔͷ Exec...͔Β࣮͢ߦΔͱɼ࣍ͷΑ͏ʹͳΔɽ

--> exec("Aitken.sci"); // ˡ exec ίϚϯυΛར༻͢Δ৔߹
! 1. 0. 0. 0. !
! 0.66666667 0.79166667 0. 0. !
! 0.86666667 0.78333333 0.78552632 0. !
! 0.72380952 0.78630952 0.78536255 0.78539984 !
! 0.83492063 0.78492063 0.78541083 0.78539772 !
! 0.74401154 0.78567821 0.78539282 0.78539831 !
! 0.82093462 0.78522034 0.78540071 0. !
! 0.75426795 0.78551795 0. 0. !
! 0.81309148 0. 0. 0. !

error1 = 0.0000002499997500
error2 = 0.0000001444154701
S_real = 0.7853981633974483
S_slow = 0.7853984133971983
S(5,3) = 0.7853983078129184 // n = 5, k = 3 (ͨͬͨ 24ճͷࢉܭ)Ͱಉਫ਼౓ͷ݁Ռ͕ಘΒΕ͍ͯΔ
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ୈ4ষ ࿈ཱҰ࣍ํఔࣜͷ਺஋తղ๏

4.1 Ψ΢εͷফڈ๏ (਻࣠બ୒͋Γ)ͷScilabؔ਺ͷྫ ”Gauss pivot.sci”

ҎԼʹɼϐϘοτ (਻࣠)બ୒ػೳ෇͖ͷΨ΢εͷফڈ๏ (ςΩετ p.93)ͷؔ਺ͷྫͱͦͷ࢖༻ྫΛࣔ͢ɽ

1 // =============================================================================
2 // Gauss_pivot.sci: Ψ΢εͷফڈ๏ (ϐϘοτબ୒Λ͏ߦ)Ͱ࿈ཱҰ࣍ํఔࣜΛղؔ͘਺
3 // -----------------------------------------------------------------------------
4 // ೖྗ : A : nߦ nྻ ͷ܎਺ྻߦ
5 // b : nߦ 1ྻ ͷఆ਺ϕΫτϧ
6 // ग़ྗ: x : nߦ 1ྻ ͷ࿈ཱҰ࣍ํఔࣜͷղͷϕΫτϧ
7 // =============================================================================
8 function x = Gauss_pivot(A, b)
9 [n, n1] = size(A); // ͷॎԣαΠζྻߦ਺܎ (nʷ n1)Λௐ΂Δɽ
10 for i = 1:n-1 // ͷྻߦ਺܎ 1ʙn-1ྻ໨·Ͱ܁Γฦ͢ɽ
11 [m,k] = max(abs(A(i:n,i))); // iྻ໨ͷ iߦҎ߱Ͱ܎਺ͷ࠷େ஋Λ࣋ͭߦΛ୳͢ɽ
12 // kߦ໨͕࠷େ஋Λ࣋ͭߦ ͸ࡍ࣮) i+k-1ߦ໨)
13 if k > 1 // ߹ΛೖΕସ͑Δඞཁ͕͋Δ৔ߦ
14 tmp1 = A(i,:); // Aͷ iߦ໨ͷϕΫτϧΛ tmp1ʹҰ࣌తʹୀආ͢Δɽ
15 tmp2 = b(i); // bͷ iߦ໨ͷཁૉΛ tmp2ʹҰ࣌తʹୀආ͢Δɽ
16 A(i,:) = A(i+k-1,:); // Aͷ iߦ໨Λ࠷େ܎਺Λ࣋ͭ i+k-1ߦ໨ͱೖΕସ͑Δɽ
17 b(i) = b(i+k-1); // bͷ iߦ໨Λ࠷େ܎਺Λ࣋ͭ i+k-1ߦ໨ͱೖΕସ͑Δɽ
18 A(i+k-1,:) = tmp1; // Aͷ i+k-1ߦ໨Λୀආͯ͋ͬͨ͠ iߦ໨ʹஔ͖͑׵Δɽ
19 b(i+k-1) = tmp2; // bͷ i+k-1ߦ໨Λୀආͯ͋ͬͨ͠ iߦ໨ʹஔ͖͑׵Δɽ
20 end
21
22 for h = i+1:n // i+1ߦ໨Ҏ߱ʹରͯ͠૟͖ग़͠๏Λద༻͢Δɽ
23 r = A(h,i)/A(i,i); // hߦ໨܎਺ͷ͕ର֯ཁૉͷԿഒ͔ΛٻΊΔɽ
24 A(h,:) = A(h,:) - r * A(i,:); // ૟͖ग़͠๏Ͱ Aͷ hߦ໨Λߋ৽͢Δɽ(iྻ໨Λ 0ʹ͢Δ)
25 b(h) = b(h) - r * b(i); // ૟͖ग़͠๏Ͱ bͷ hߦ໨Λߋ৽͢Δɽ
26 end;
27 end; // ͜ͷ࣌఺Ͱɼ૟͖ग़͠๏ͷ্͕ྻߦ֯ࡾͰ্͖͕Δɽ
28
29 x = zeros(n,1); // ղͷϕΫτϧ x ͷཁૉΛશͯ 0ͰॳظԽ͢Δɽ
30 x(n) = b(n) / A(n,n); // ·ͣҰ൪Լͷߦ (nߦ໨)͔Β n൪໨ͷղ x(n)Λ͢ࢉܭΔɽ
31
32 for i = n-1:-1:1 // Ί͍ͯ͘ɽٻͷԼͷํ͔Βॱ൪ʹղΛྻߦ֯ࡾ্
33 x(i) = (b(i) - A(i,i+1:n) * x(i+1:n,1)) / A(i,i);
34 end // ˢ্ྻߦ֯ࡾ iߦ໨Ͱ i൪໨ͷղ x(i)Λ͢ࢉܭΔɽ
35 endfunction

--> exec("Gauss_pivot.sci");
--> A = [1 100 3; 1 3 4; 50 1 3];
--> b = [4 3 2]’
--> x = Gauss_pivot(A,b) // ˡ ؔ਺ Gauss_pivot Ͱ ࿈ཱҰ࣍ํఔࣜ Ax=b Λղ͘ɽ
x =
- 0.00462146
0.01791463
0.73771939

--> x = A\b // ˡ Gauss_pivotͰٻΊͨղ͕ਖ਼͍͔֬͠ೝɽԋࢠࢉ \ Ͱ Ax=b ͷ x ΛٻΊΒΕΔɽ
x =
- 0.00462146
0.01791463
0.73771939
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4.2 ࿈ཱҰ࣍ํఔࣜΛ൓෮๏Ͱղ͘ྫ୊

͜͜Ͱ͸ɼ࿈ཱҰ࣍ํఔࣜΛ൓෮๏Ͱ਺஋తʹղ͘ྫ୊ͱͯ͠ɼ࣍ͷ܎਺ྻߦAɼఆ਺ϕΫτϧ bͰද͞ΕΔ࿈
ཱҰ࣍ํఔࣜΛϠίϏ๏͓ΑͼΨ΢εɾβΠσϧ๏ʹ͍ͯͮجղ͘ɽ






5x1 −x2 = 9

−x1 +5x2 −x3 = 4

−x2 +5x3 = −6
A =




5 −1 0

−1 5 −1
0 −1 5



 , x =




x1

x2

x3



 , b =




9

4

−6





ୠ͠ɼղͷॳظ஋͸ x(0) = [0 0 0]′ ͱ͢Δɽ

4.2.1 ϠίϏ๏ʹΑΔղ๏

࿈ཱํఔࣜΛॻ͖͑׵Δͱ࣍ͷΑ͏ʹͳΔɽ






x1 = x2/5 +9/5

x2 = x1/5 +x3/5 +4/5

x3 = x2/5 − 6/5




x1

x2

x3



 =




0 1/5 0

1/5 0 1/5

0 1/5 0








x1

x2

x3



+




9/5

4/5

−6/5





͜͜Ͱɼ

C =




0 1/5 0

1/5 0 1/5

0 1/5 0



 , r =




9/5

4/5

−6/5





ͱ͓͘ͱɼϠίϏ๏ͷ൓෮ࣜ͸࣍ͷΑ͏ʹදͤΔɽ

x(n) = Cx(n−1) + r

ୠ͠ɼx(n) ͸ nճ໨ͷ܁Γฦ͠ʹ͓͚ΔղͰ͋Δɽ͜ͷ൓෮ࣜʹ͍ͯͮج x(n) Λ܁Γฦ͠ٻΊΕ͹Α͍ɽ

x(0) =




0

0

0





x(1) =




0 1/5 0

1/5 0 1/5

0 1/5 0








0

0

0



 +




9/5

4/5

−6/5



 =




9/5

4/5

−6/5



 =




1.8

0.8

−1.2





x(2) =




0 1/5 0

1/5 0 1/5

0 1/5 0








9/5

4/5

−6/5



 +




9/5

4/5

−6/5



 =




49/25

23/25

−24/25



 =




1.96

0.92

−0.96





x(3) =




0 1/5 0

1/5 0 1/5

0 1/5 0








49/25

23/25

−24/25



 +




9/5

4/5

−6/5



 =




248/125

1

−128/125



 =




1.984

1

−1.024





x(4) =




0 1/5 0

1/5 0 1/5

0 1/5 0








248/125

1

−128/125



+




9/5

4/5

−6/5



 =




2

124/125

−1



 =




2

0.992

−1





...

Γฦ͠ʹΑͬͯɼ࿈ཱํఔࣜͷղͷཧ࿦஋܁ x = [ 2 1 − 1 ]′ ʹۙ෇͍ͯ͘ߦɽ
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4.2.2 Ψ΢εɾβΠσϧ๏ʹΑΔղ๏

C =




c1

c2

c3



 =




0 1/5 0

1/5 0 1/5

0 1/5 0



 , r =




r1

r2

r3



 =




9/5

4/5

−6/5





ͱ͓͘ͱɼΨ΢εɾβΠσϧ๏ͷ nճ໨ͷ൓෮ʹ͓͚Δղ x(n) =
[
x(n)
1 x(n)

2 x(n)
3

]′
͸ɼ࣍ࣜͰදͤΔɽ

x(n)
1 = c1

[
x(n−1)
1 x(n−1)

2 x(n−1)
3

]′
+ r1

x(n)
2 = c2

[
x(n)
1 x(n−1)

2 x(n−1)
3

]′
+ r2

x(n)
3 = c3

[
x(n)
1 x(n)

2 x(n−1)
3

]′
+ r3

ॳظ஋ x(0) = [ 0 0 0 ]′ ͔Β։࢝ͯ͠ɼ܁Γฦ͠ղΛٻΊΔͱ࣍ͷΑ͏ʹͳΔɽ

x(1)
1 = [ 0 1/5 0 ] [ 0 0 0 ]′ + 9/5 = 9/5 = 1.8

x(1)
2 = [ 1/5 0 1/5 ] [ 9/5 0 0 ]′ + 4/5 = 29/25 = 1.16

x(1)
3 = [ 0 1/5 0 ] [ 9/5 29/25 0 ]′ − 6/5 = −121/125 = −0.968

x(2)
1 = [ 0 1/5 0 ] [ 9/5 29/25 − 121/125 ]′ + 9/5 = 254/125 = 2.032

x(2)
2 = [ 1/5 0 1/5 ] [ 254/125 29/25 − 121/125 ]′ + 4/5 = 633/625 = 1.0128

x(2)
3 = [ 0 1/5 0 ] [ 254/125 633/625 − 121/125 ]′ − 6/5 = −3117/3125 = −0.99744

x(3)
1 = [ 0 1/5 0 ] [ 254/125 633/625 − 3117/3125 ]′ + 9/5 = 6258/3125 = 2.00256

x(3)
2 = [ 1/5 0 1/5 ] [ 6258/3125 633/625 − 3117/3125 ]′ + 4/5 = 15641/15625 = 1.001024

x(3)
3 = [ 0 1/5 0 ] [ 6258/3125 15641/15625 − 3117/3125 ]′ − 6/5 = −78109/78125 = −0.9997952

...

ϠίϏ๏ΑΓ΋ɼີݫղ x = [ 2 1 − 1 ]′ ʹૣۙ͘෇͘ɽ

4.3 Ψ΢εɾβΠσϧ๏ͷScilabϓϩάϥϜ

4.3.1 Ψ΢εɾβΠσϧ๏ͷ Scilabؔ਺ͷྫ ”Seidel.sci”

1 // =============================================================================
2 // Seidel.sci: Ψ΢εɾβΠσϧ๏Ͱ࿈ཱҰ࣍ํఔࣜ Ax=b Λղؔ͘਺
3 // -----------------------------------------------------------------------------
4 // ೖྗ A: ྻߦ਺܎ A (n ʷ n)
5 // b: ӈล bͷॎϕΫτϧ (n ʷ 1)
6 // x0: ղͷॳظ஋ͷॎϕΫτϧ (n ʷ 1)
7 // tol: ϊϧϜͷมԽͷ 2৐ͷ஋ͷڐ༰ൣғ (ऩଋ൑ఆʹར༻)
8 // itr: ฦ͠ճ਺܁େ࠷
9 // ग़ྗ x: ղ xͷॎϕΫτϧ (n ʷ 1)
10 // =============================================================================
11 // C: ࣜ (5.41)ͷ܎਺ a_ij/a_ii ͷ஋ΛೖΕΔྻߦ (ӈลୈ 1,2߲໨ͷ܎਺ʸର֯੒෼)
12 // r: ࣜ (5.41)ͷ܎਺ b_i/a_iiͷ஋ΛೖΕΔॎϕΫτϧ (ӈลୈ 3߲໨ͷ܎਺ʸର֯੒෼)
13 // S: ղͷ్த݁ՌΛอଘ͢ΔͨΊͷྻߦ
14
15 function x = Seidel(A, b, x0, tol, itr)
16 [n, m] = size(A); // ͷॎԣαΠζΛνΣοΫྻߦ
17 C = -A; // C = -A ྻߦ) AΛӈล΁Ҡ߲)
18 for i = 1:n
19 C(i,i) = 0; // ྻߦ Cͷର֯੒෼Λશͯ 0ʹ
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20 C(i,1:n) = C(i,1:n) / A(i,i); // ྻߦ Cͷ֤ߦͷཁૉΛ Aͷର֯੒෼ͰׂΔ
21 r(i) = b(i) / A(i,i); // ϕΫτϧ bͷཁૉΛ Aͷର֯੒෼Ͱׂͬͨ΋ͷ
22 end
23
24 S = x0; // ղͷॳظ஋Λྻߦ SͷҰ൪ࠨͷྻʹอଘ
25 x = x0; // ղͷॳظ஋Λ xʹ୅ೖ
26 for k = 1:itr // େ஋࠷ฦ͠ճ਺ͷ܁ itrճ·Ͱ܁Γฦ͢
27 for i = 1:n // i=1,2,ʜͷॱʹ i൪໨ͷղ x(i)ΛٻΊΔ
28 x(i) = C(i,:) * x + r(i); // x(i)ͷ݁Ռ͕࣍ͷղ x(i+1)ʹ൓ө͞ΕΔ
29 end
30 S(:,k+1) = x; // kճ໨܁ฦ͠ʹ͓͚ΔղΛྻߦ Sͷӈଆʹ௥Ճ
31 if norm(S(:,k) - x)^2 < tol // લͷղͱͷࠩͷϊϧϜͷ 2৐Λͯݟऩଋ൑ఆ
32 break;
33 end
34 end
35 format(7); // ղͷ్தܦաΛ 5ܻ·Ͱͷදࣔʹมߋ
36 disp(S’); // ్தܦաΛදࣔ (SΛసஔͯ͠දࣔ)
37
38 endfunction

4.3.2 Seidelؔ਺Λར༻ͯ͠ྫ୊5ͷํఔࣜΛղ͘ScilabεΫϦϓτͷྫ ”ex5 Seidel.sci”

1 // -----------------------------------------------------------
2 // Seidelؔ਺ͷ࢖༻ྫ (ྫ୊ 5ͷ࿈ཱํఔࣜ Ax=bͷղ:ද 5.2ʹಉ͡)
3 // -----------------------------------------------------------
4 clear; // ఆٛࡁΈͷม਺Λফڈ
5 exec(’Seidel.sci’); // Seidelؔ਺ͷಡΈࠐΈ
6 A = [ 10, 3, 1, 2, 1; // Ax=bͷ܎਺ྻߦ Aͷఆٛ
7 1,19, 2,-1, 5;
8 -1, 1,30, 1,10;
9 -2, 0, 1,20, 5;
10 -3, 5, 1,-2,25 ];
11 b = [-22, 27, 89,-73, 22]’; // Ax=bͷॎϕΫτϧ bͷఆٛ
12 x0 = [ 0, 0, 0, 0, 0]’; // ղͷॳظ஋
13 tol = 1.0e-8; // xͷࠩͷϊϧϜͷ 2৐ͷڐ༰ྔ
14 itr = 100; // Γฦ͠ճ਺܁େ࠷
15 x = Seidel( A, b, x0, tol, itr ) // Seidelؔ਺ͷ࣮ߦ
16 // ˢ ηϛίϩϯ (;)Λ͚͍ͭͯͳ͍ͷͰղ x͕දࣔ͞ΕΔ

4.3.3 ScilabεΫϦϓτ”ex5 Seidel.sci”ͷ࣮݁ߦՌ

--> exec(’ex5_Seidel.sci’);
0. 0. 0. 0. 0. // Γฦ͠ʹ͓͚Δ਺஋ղ܁֤ xͷ్தܦա͕

- 2.2 1.5368 2.8421 - 4.0121 - 0.1260 // Seidelؔ਺ͷ࠷ऴߦ disp(S’)Ͱදࣔ͞ΕΔ
- 2.1302 1.056 3.0362 - 3.9833 - 0.0269 // ˡ ςΩετͷද 5.2ͷ݁Ռʹಉ͡
- 2.0211 1.0053 3.0075 - 3.9957 - 0.0035
- 2.0028 1.0005 3.0009 - 3.9994 - 0.0004
- 2.0003 1.0001 3.0001 - 3.9999 - 5.D-05
- 2. 1. 3. - 4. - 6.D-06
- 2. 1. 3. - 4. - 7.D-07

x = // ऴճʹ͓͚Δ਺஋ղ࠷Γฦ͠ͷ܁ xͷදࣔ
- 2. // (ಉ͡ʹߦͷޙ࠷ͷදͷه্)
1.
3.

- 4.
- 7.D-07
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ୈ5ষ ؔ਺ۙࣅ (ϥάϥϯδϡิؒ)

5.1 ଟ߲ࣜ΍༗ཧࣜΛѻ͏Scilabؔ਺ͷ঺հ
ଟ߲ࣜ΍༗ཧࣜ1Λѻ͏ͨΊͷ Scilab ͷؔ਺ʹɼpoly, horner, derivatͳͲ͕͋Δɽ͜͜Ͱ͸ɼ࣍ͷଟ߲ࣜ yͱ

༗ཧࣜ zΛྫʹͯ͠આ໌͢Δɽ

y = (x− 1)(x− 2)

= x2 − 3x+ 2

z =
x2

(x− 1)(x− 5)(x+ 3)

=
x2

x3 − 3x2 − 13x+ 15

5.1.1 polyؔ਺ʹΑΔଟ߲ࣜ΍༗ཧࣜͷఆٛ

ࠜ (roots)Λࢦఆͯ͠ଟ߲ࣜ΍༗ཧࣜΛද͢ݱΔํ๏

ଟ߲ࣜ y = (x− 1)(x− 2)ΛɼͦͷࠜʹΑͬͯఆٛ͢Δʹ͸ɼpolyؔ਺ͷୈ 1Ҿ਺ʹଟ߲ࣜͷࠜΛฒ΂ͨϕΫ
τϧ [1 2]ɼୈ 2Ҿ਺ʹଟ߲ࣜͷม਺ͱͯ͠ه͏࢖߸ (͜͜Ͱ͸ ’x’)ɼୈ 3Ҿ਺ʹ ’roots’Λࢦఆ͢Ε͹Α͍ɽୠ͠ɼ
ୈ 3Ҿ਺͸ɼσϑΥϧτ͕ ’roots’Ͱ͋ΔͨΊলུͰ͖Δɽ

--> y = poly([1 2], ’x’) // ଟ߲ࣜ yͷఆٛ (ଟ߲ࣜͷࠜΛࢦఆ)
y = // y = poly([1, 2], ’x’, ’roots’) ʹಉ͡ (’roots’͸লུՄ)

2
2 - 3x + x

--> roots(y) // roots ͸ଟ߲ࣜͷࠜΛฦؔ͢਺
ans =

1. // 1ͱ 2 ͕ଟ߲ࣜ yͷࠜ
2.

--> z = poly([0 0],’x’) / poly([1 5 -3],’x’) // ༗ཧࣜ zͷఆٛ (෼ࢠͱ෼฼ͷࠜΛࢦఆ)
z =

2
x

-----------------
2 3

15 - 13x - 3x + x

·ͨɼఆٛͨ͠ଟ߲ࣜ΍༗ཧࣜΛ༻͍ͯɼ৽ͨͳଟ߲ࣜ΍༗ཧࣜΛఆٛ͢Δ͜ͱ΋Ͱ͖Δɽ

--> s = y^2 - 1 // y^2 - 1 = {(x-1)(x-2)}^2 - 1 ʹಉ͡
s =

2 3 4
3 - 12x + 13x - 6x + x

--> y * z // ଟ߲ࣜ yͱ༗ཧࣜ zͷੵͷ༗ཧࣜ
ans =

2 3
- 2x + x
----------

2
- 15 - 2x + x

1༗ཧࣜͱ͸ɼ෼฼ͱ෼͕ࢠଟ߲ࣜͷ෼਺ɽ
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਺܎ (coefficients)Λࢦఆͯ͠ଟ߲ࣜΛද͢ݱΔํ๏

ଟ߲ࣜ y = x2 − 3x+ 2Λ֤࣍ͷ܎਺Λࢦఆͯ͠ද͢ݱΔʹ͸ɼୈ 1Ҿ਺ʹଟ߲ࣜͷ܎਺Λ௿͍࣍਺͔Βॱʹฒ
΂ͨϕΫτϧ [2 − 3 1], ୈ 2Ҿ਺ʹଟ߲ࣜͷม਺ͱͯ͠ه͏࢖߸ (͜͜Ͱ͸ ’x’)ɼୈ 3Ҿ਺ʹ ’coeff’Λࢦఆ͢Δɽ

--> y = poly([2 -3 1],’x’,’coeff’) // ଟ߲ࣜ yͷఆٛɽ(஫)܎਺Λฒ΂Δॱ൪͸௿͍࣍਺͔Β
y =

2
2 - 3x + x

--> coeff(y) // ଟ߲ࣜ yͷ܎਺Λදࣔɽ coeff͸ଟ߲ࣜͷ܎਺ͷϕΫτϧΛฦؔ͢਺
ans =

2. - 3. 1.

--> z = poly([0 0 1],’x’,’coeff’) / poly([15 -13 -3 1],’x’,’coeff’) // ༗ཧࣜ zͷఆٛ
z =

2
x

-----------------
2 3

15 - 13x - 3x + x

--> coeff(numer(z)) // ༗ཧࣜ zͷ෼ࢠͷଟ߲ࣜͷ܎਺Λදࣔɽ numer ͸෼ࢠͷଟ߲ࣜΛฦؔ͢਺
ans =

0. 0. 1.

--> coeff(denom(z)) // ༗ཧࣜ zͷ෼฼ͷଟ߲ࣜͷ܎਺Λදࣔɽ denom ͸෼฼ͷଟ߲ࣜΛฦؔ͢਺
ans =

15. - 13. - 3. 1.

ଟ߲ࣜΛ௚઀هड़͢Δํ๏

ࠜ΍܎਺ͷϕΫτϧΛࢦఆ͢Δଞʹɼ࣍ͷΑ͏ʹଟ߲ࣜΛ௚઀هड़͢Δ͜ͱ΋Ͱ͖Δɽ

--> x = poly(0, ’x’); // xΛଟ߲ࣜͷม਺ͱͯ͠༻͍Δ͜ͱΛએݴ
--> y = x^2 - 3*x + 2 // ଟ߲ࣜ yͷఆٛ
y =

2
2 - 3x + x

--> x = poly(0, ’x’); // xΛଟ߲ࣜͷม਺ͱͯ͠༻͍Δ͜ͱΛએݴ
--> z = x^2 / (x^3-3*x^2-13*x+15) // ༗ཧࣜ zͷఆٛ
z =

2
x

-----------------
2 3

15 - 13x - 3x + x

5.1.2 hornerؔ਺Ͱଟ߲ࣜ΍༗ཧࣜʹ஋Λ୅ೖ͢Δํ๏

ଟ߲ࣜ΍༗ཧࣜʹ͋Δ஋Λ୅ೖ͢Δʹ͸ɼhorner(ϗʔφʔ)ؔ਺Λ༻͍Δɽ

--> horner(y, 5) // y = x^2-3x+2ͷ xʹ 5Λ୅ೖ
ans =

12.

--> horner(z,-2) // z = x^2/(x^3-3*x^2-13*x+15)ͷ xʹ-2Λ୅ೖ
ans =

0.1904762
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5.1.3 derivatؔ਺ʹΑΔଟ߲ࣜ΍༗ཧࣜͷඍ෼

derivatؔ਺Λ༻͍ͯɼଟ߲ࣜ΍༗ཧࣜΛඍ෼͢Δ͜ͱ͕Ͱ͖Δɽ

--> dy = (derivat(y)) // ଟ߲ࣜ yͷඍ෼
dy =
- 3 + 2x

--> ddy = derivat(dy) // ଟ߲ࣜ yͷ 2֊ඍ෼
ddy =

2

--> dz = derivat(z) // ༗ཧࣜ zͷඍ෼
dz =

2 4
30x - 13x - x

-------------------------------------
2 3 4 5 6

225 - 390x + 79x + 108x - 17x - 6x + x

5.2 deffؔ਺ʹΑΔؔ਺ఆٛͱ fevalؔ਺ʹΑΔؔ਺΁ͷ஋ͷ୅ೖ
͜Ε·Ͱɼؔ਺Λఆٛ͢Δʹ͸ɼؔ਺ͷఆٛΛ 1ͭͷϑΝΠϧʹهड़ͯ͠ɼͦͷϑΝΠϧΛ execؔ਺ͰಡΈࠐ

ΜͰ͍͕ͨɼ؆୯ͳؔ਺Ͱ͋Ε͹ɼdeffؔ਺Λ༻͍ͯఆٛ͢Δͷ͕ศརͰ͋Δɽ·ͨɼఆٛͨؔ͠਺ʹ஋Λ୅ೖ͢
ΔͨΊͷؔ਺ͱͯ͠ feval͕͋Δɽhorner͸ଟ߲ࣜͷม਺ʹ͋Δ஋Λ୅ೖͨ݁͠ՌΛฦ͕͢ɼ͜Εͱಉ༷ʹɼfeval
΋ؔ਺ʹ͋Δ஋Λ୅ೖͨ݁͠ՌΛฦ͢ɽ

--> deff(’y = f(x)’,’y = x*cos(x)’); // ؔ਺ fͷఆٛ
--> f(2) // ؔ਺ fʹ 2Λ୅ೖͨ͠஋
ans =
- 0.8322937

--> feval(2, f) // f(2) ʹಉ͡
ans =
- 0.8322937

--> deff(’y = f(x)’,’y = x^2-3*x+2’); // ؔ਺ fͷఆٛ
--> a = f(5) // ؔ਺ fʹ 5Λ୅ೖͨ͠஋
ans =

12.
--> a = feval(5, f) // f(5)ʹಉ͡
a =

12.

5.3 ϥάϥϯδϡิؒͷϓϩάϥϜ

5.3.1 ϥάϥϯδϡิؒͷଟ߲ࣜΛฦؔ͢਺ఆٛͷྫ ”Lagrange.sci”

1 // ==================================================================
2 // Lagrange.sci: ϥάϥϯδϡͷิؒଟ߲ࣜΛٻΊΔؔ਺
3 // ------------------------------------------------------------------
4 // Ҿ਺ x: ิؒ఺ͷ x࣠ͷ஋ͷྻܥ
5 // y: ิؒ఺ͷ y࣠ͷ஋ͷྻܥ
6 // ฦΓ஋ f: ิؒଟ߲ࣜ
7 // ==================================================================
8 function f = Lagrange(x, y)
9 f = 0; // ଟ߲ࣜ fΛ 0ͰॳظԽ
10 for i = 1:length(x) // length(x)͸ xͷཁૉ਺ (ิؒ఺ͷ਺)
11 xi = [x(1:i-1), x(i+1:$)]; // xi͸ x͔Β i൪໨ͷ఺Λআ͍ͨϕΫτϧ
12 f = f + poly(xi, ’x’) * y(i) / prod( x(i) - xi ); // p.17ࣜ (2.11)ͷ֤߲ΛॱʹՃ͑Δ
13 end
14 endfunction
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5.3.2 ؔ਺LagrangeΛ༻͍ͯྫ୊ 1 (p.20)Λղ͘εΫϦϓτͷྫ ”ex1 Lagrange.sci”

1 // --------------------------------------------------------------------------------
2 // ςΩετ p.20 ྫ୊ 1
3 // sin(x)্ͷ 5ͭͷิؒ఺͔Β 4࣍ͷϥάϥϯδϡิؒଟ߲ࣜΛٻΊɼ
4 // sin(x)ͷάϥϑΛॏͶͯάϥϑʹදࣔ͢ΔεΫϦϓτ
5 // --------------------------------------------------------------------------------
6 clear; // ఆٛࡁΈͷม਺ͷ஋Λશͯফڈ
7 exec(’Lagrange.sci’); // Lagrangeؔ਺ͷಡࠐΈ
8
9 x = [0, %pi/4, %pi/2, 3*%pi/4, %pi]; // ิؒ఺ͷ x࣠ͷ஋ͷྻܥ
10 y = [0, sqrt(2)/2, 1, sqrt(2)/2, 0]; // ิؒ఺ͷ y࣠ͷ஋ͷྻܥ
11 f = Lagrange(x, y) // Lagrangeؔ਺Ͱϥάϥϯδϡิؒଟ߲ࣜΛٻΊΔ
12
13 xx = x(1):0.001:x($); // 0ʙКͷؒΛ ྻܥΈͰ෼ׂͨ͠ࠁ0.001 (άϥϑͷ x࣠ͷࠁΈ)
14 yy = horner(f, xx); // x࣠ͷྻܥ xxͰͷิؒଟ߲ࣜͷ஋ (xxͱಉ͡௕͞ͷྻܥ)
15 y_real = sin(xx); // x࣠ͷྻܥ xxͰͷཧ࿦஋ sin(x)ͷ஋ (xxͱಉ͡௕͞ͷྻܥ)
16 plot2d(xx’, [yy’, y_real’]); // ิؒଟ߲ࣜͱ sin(x)ΛॏͶͯදࣔ (΄΅ͽͬͨΓॏͳΔ)

5.3.3 ”ex1 Lagrange.sci” ͷ࣮݁ߦՌ

--> exec(’ex1_Lagrange.sci’);
f =

2 3 4
0.9819684x + 0.0582877x - 0.2360955x + 0.0375758x // ಘΒΕͨ 4࣍ͷิؒଟ߲ࣜ

0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2
0

0.2

0.4

0.6

0.8

1.0

1.2

ਤ 5.1: ྫ୊ 1 (sinؔ਺ͷ Lagrangeิؒ)Λղ͘εΫϦϓτ”ex1 Lagrange.sci”ͷ࣮݁ߦՌͷάϥϑ

5.3.4 ؔ਺LagrangeΛ༻͍ͯྫ୊ 2 (p.24)Λղ͘εΫϦϓτͷྫ ”ex2 Lagrange.sci”

1 // --------------------------------------------------------------------------------
2 // ςΩετ p.24 ྫ୊ 2
3 // 4ͭͷิؒ఺͔Β 3࣍ͷϥάϥϯδϡิؒଟ߲ࣜΛٻΊɼ3˽ 20ͷਪఆ஋ΛٻΊΔεΫϦϓτ
4 // --------------------------------------------------------------------------------
5 clear; // ఆٛࡁΈͷม਺ͷ஋Λશͯফڈ
6 exec(’Lagrange.sci’); // Lagrangeؔ਺ͷಡࠐΈ
7
8 x = [19.9466, 19.9907, 20.0349, 20.0793]; // ิؒ఺ͷ x࣠ͷ஋ͷྻܥ
9 y = [ 2.712, 2.714, 2.716, 2.718]; // ิؒ఺ͷ y࣠ͷ஋ͷྻܥ
10 f = Lagrange(x, y) // Lagrangeؔ਺Ͱϥάϥϯδϡิؒଟ߲ࣜ fΛٻΊΔ
11 yy = horner(f, 20); // ิؒଟ߲ࣜ fʹ 20Λ୅ೖ
12 printf("f(20) = %f\n", yy); // 3˽ 20ͷਪఆ஋ f(20)ͷ஋ͷදࣔ

5.3.5 ”ex2 Lagrange.sci” ͷ࣮݁ߦՌ

--> exec("ex2_Lagrange.sci");
f =

2 3
69.883617 - 10.193976x + 0.5133640x - 0.0085794x // ಘΒΕͨ 3࣍ͷิؒଟ߲ࣜ

f(20) = 2.714421 // ଟ߲͔ࣜΒٻΊͨ 3˽ 20 ͷਪఆ஋
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ୈ6ষ ਺஋ੵ෼

6.1 ୆ࣜެܗʹΑΔ਺஋ੵ෼

6.1.1 ୆ࣜެܗʹΑΔ਺஋ੵ෼ͷ஋Λฦؔ͢਺ͷྫ ”trapezoid.sci”

1 // ===================================================================
2 // trapezoid.sci: ୆ࣜެܗʹΑΔ਺஋ੵ෼Λؔ͏ߦ਺
3 // -------------------------------------------------------------------
4 // ʻҾ਺ʼ f: ඃੵ෼ؔ਺
5 // a: ੵ෼۠ؒͷ࢝·Γ
6 // b: ੵ෼۠ؒͷऴΘΓ
7 // N: ۠ؒ [a,b]Ͱͷখ۠ؒͷ਺
8 // ʻฦΓ஋ʼ I: ੵ෼஋
9 // ===================================================================
10 function I = trapezoid(f, a, b, N)
11 h = (b - a) / N; // ੵ෼ͷখ۠ؒͷ෯
12 x = a:h:b; // ิؒ఺ʹ͓͚Δ x࣠ͷ஋
13 y = f(x); // ิؒ఺ʹ͓͚Δ y࣠ͷ஋
14 I = h * (y(1) + 2 * sum(y(2:N)) + y(N+1)) / 2; // ࣜ (3.4)Ͱද͞ΕΔੵ෼ͷ஋
15 endfunction

6.1.2 ࣜ (3.6)ͷ਺஋ੵ෼ͷ஋ΛٻΊΔεΫϦϓτͷྫ ”eq36 trapezoid.sci”

1 clear;
2 exec(’trapezoid.sci’); // ୆ࣜެܗͷؔ਺ϑΝΠϧͷಡΈࠐΈ
3 deff(’y=f(x)’,’y=sin(x)’); // ඃੵ෼ؔ਺ fͷఆٛ f(x)=sin(x)
4 a = 0; // ੵ෼۠ؒͷ࢝·Γ
5 b = %pi/2; // ੵ෼۠ؒͷऴΘΓ
6 N = 8; // ෼ׂ਺ (୆ܗͷ਺)
7 format(11); // ݁ՌΛ 9ܻ·Ͱදࣔ
8 I = trapezoid(f,a,b,N) // ୆ࣜެܗʹΑΔ਺஋ੵ෼ɽࣜ (3.6)ͷ݁Ռʹಉ͡

6.1.3 εΫϦϓτ ”eq36 trapezoid.sci” ͷ࣮݁ߦՌ

--> exec(’eq36_trapezoid.sci’);
I =

0.99678517 // ୆ࣜެܗʹΑΓٻΊͨੵ෼஋

6.1.4 ୆ࣜެܗʹΑΔ਺஋ੵ෼Λ͏ߦ Scilabͷඪ४ؔ਺

͏ߦΑΔ਺஋ੵ෼ΛʹࣜެܗͰఆٛͨؔ͠਺ͱಉ༷ʹɼ୆ه্ Scilabͷඪ४ؔ਺ͱͯ͠ inttrap͕͋ΔɽҎԼ
ʹɼinttrapؔ਺ͷ࢖༻ྫΛࣔ͢ɽ(ৄࡉʹ͍ͭͯ͸ɼhelp inttrap ͰϔϧϓΛࢀরͷ͜ͱɽ)

--> h = %pi/16; // ֤۠ؒͷ෯ h = К/16
--> x = 0:h:%pi/2; // 0ʙК/2 ·Ͱ К/16 Έࠁ
--> I = inttrap(x, sin(x)) // ୆ࣜެܗʹΑΔ਺஋ੵ෼
I =

0.99678517 // ͷεΫϦϓτͱಉ݁͡Ռه্

·ͨɼࣗ෼Ͱఆٛͨؔ͠਺ʹ͍ͭͯੵ෼͢Δ৔߹͸ɼ࣍ͷΑ͏ʹ͢Δɽ

--> h = %pi/16;
--> x = 0:h:%pi/2;
--> deff(’y=f(x)’,’y=sin(x)’); // deffͰؔ਺ f(x)Λఆٛ
--> I = inttrap(x, f(x)) // ୈ 2Ҿ਺Λؔ਺ f(x)ͱ͢Δ
I =

0.99678517
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6.2 Ψ΢εɾϧδϟϯυϧͷੵ෼ެࣜʹΑΔ਺஋ੵ෼ (Ψ΢εͷੵٻ๏)

6.2.1 Ψ΢εͷੵٻ๏ʹΑΔ਺஋ੵ෼ͷ஋Λฦؔ͢਺ͷྫ ”GaussLegendre.sci”

1 // ==================================================================
2 // GaussLegendre.sci: Ψ΢εͷੵٻ๏ʹΑΔ਺஋ੵ෼Λؔ͏ߦ਺
3 // ------------------------------------------------------------------
4 // ʻҾ਺ʼ f: ඃੵ෼ؔ਺
5 // a: ੵ෼۠ؒͷ࢝·Γ
6 // b: ੵ෼۠ؒͷऴΘΓ
7 // N: ิؒ఺਺ (ୠ͠ɼN ͸ 2,3,4,5 ͷ৔߹ʹͷΈରԠ)
8 // ʻฦΓ஋ʼ I: ੵ෼஋
9 // ==================================================================
10 function I = GaussLegendre(f, a, b, N)
11 xi = [-sqrt(1/3) -sqrt(3/5) -0.8611363116 -0.9061798459 // p.53 ͷද 3.3ͷิؒ఺
12 sqrt(1/3) 0 0.3399810436 -0.5384693101
13 0 sqrt(3/5) 0.3399810436 0
14 0 0 0.8611363116 0.5384693101
15 0 0 0 0.9061798459];
16
17 wi = [ 1 5/9 0.3478548451 0.2369268851 // p.53 ͷද 3.3ͷॏΈ
18 1 8/9 0.6521451549 0.4786286705
19 0 5/9 0.6521451549 0.5688888889
20 0 0 0.3478548451 0.4786286705
21 0 0 0 0.2369268851];
22
23 x = xi(1:N, N-1); // [1,-1]ͷ۠ؒͰͷʮิؒ఺ʯͷྻߦ xi ͔Βඞཁͳ෦෼Λநग़
24 x = ((b - a) * x + b + a) / 2; // [a,b]ͷ۠ؒͰͷʮิؒ఺ʯʹม׵ɽp.51ͷИͷٯม਺ม׵
25 y = f(x); // y = [f(x_1), f(x_2),..., f(x_N)]
26 w = wi(1:N, N-1); // ʮॏΈʯͷྻߦ wi ͔Βඞཁͳ෦෼Λநग़
27 I = (b - a) / 2 * (w’ * y); // ࣜ (3.20)Λ (b-a)/2 ഒͯ͠ [a,b]ͷ۠ؒʹม׵
28 endfunction

6.2.2 ද3.4ͷΨ΢εͷੵٻ๏ʹΑΔੵ෼஋ΛٻΊΔεΫϦϓτͷྫ ”tab34 GaussLegendre.sci”

1 clear;
2 exec(’GaussLegendre.sci’); // Ψ΢εͷੵٻ๏ͷؔ਺ϑΝΠϧͷಡΈࠐΈ
3 deff(’y=f(x)’,’y=(x.*(1-x)).^(3/2)’); // ؔ਺ fͷఆٛ f(x)= {x(1-x)}^(3/2)
4 a = 0; // ੵ෼۠ؒͷ࢝·Γ
5 b = 1; // ੵ෼۠ؒͷऴΘΓ
6 for N = 2 : 5 // ิؒ఺਺ N = 2,3,4,5 ͷ৔߹ʹ͍ͭͯॱʹࢉܭ
7 S = (128/3) * GaussLegendre(f,a,b,N); // Ψ΢εͷੵٻ๏ʹΑΔ਺஋ੵ෼
8 disp(S); // ˢ ද (3.4) ͷ্͔Β ໨·Ͱߦ4 (N=2ʙ5)Λࢉܭ
9 end

6.2.3 εΫϦϓτ ”tab34 GaussLegendre.sci” ͷ࣮݁ߦՌ

--> exec(’tab34_GaussLegendre.sci’);

2.903099 // N = 2 ͷ৔߹ (p.54 ද 3.4ͷҰ൪ӈͷྻͷ N=2ʙ5 ͷ৔߹ͱಉ݁͡Ռ)
3.1199473 // N = 3 ͷ৔߹
3.1365993 // N = 4 ͷ৔߹
3.1399284 // N = 5 ͷ৔߹

6.2.4 Ψ΢εͷੵٻ๏ʹΑΔ਺஋ੵ෼Λ͏ߦ Scilabͷඪ४ؔ਺

Ψ΢εͷੵٻ๏Ͱ਺஋ੵ෼Λ͏ߦ Scilabͷඪ४ؔ਺ͱͯ͠ integrate͕͋ΔɽҎԼʹɼintegrateؔ਺ͷ࢖༻ྫ
Λࣔ͢ɽ(ৄࡉʹ͍ͭͯ͸ɼhelp integrate ͰϔϧϓΛࢀরͷ͜ͱɽ)

--> deff(’y=f(x)’,’y=(x.*(1-x)).^(3/2)’);
--> S = (128/3) * integrate(’f(x)’, ’x’, 0, 1)
S =

3.1415927 // p.54 ද 3.4 ͷ N = 100Ҏ্ͱಉ౳ͷਫ਼౓
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ୈ7ষ ඇઢํܗఔࣜͷ਺஋తղ๏

7.1 χϡʔτϯ๏ (χϡʔτϯɾϥϑιϯ๏)ʹΑΔඇઢํܗఔࣜͷ਺஋తղ๏

7.1.1 χϡʔτϯ๏ʹΑΔํఔࣜͷղΛฦؔ͢਺ͷྫ ”Newton.sci”

1 // ==========================================================================
2 // Newton.sci: χϡʔτϯ๏ (ςΩετ p.72ͷࣜ (4.16))ͰඇઢํܗఔࣜΛղؔ͘਺
3 // --------------------------------------------------------------------------
4 // f: ؔ਺ f(x), df: ಋؔ਺ f’(x), x0: ղͷॳظ஋
5 // tol: ઈରࠩޡͷڐ༰ൣғ, itr: Γฦ͠ճ਺܁େ࠷
6 // ==========================================================================
7 function x = Newton(f, df, x0, tol, itr)
8 x(1) = x0; // xͷॳظ஋ x0Λ x(1)ͱ͢Δ
9 y(1) = f( x(1) ); // x0ʹର͢Δ f(x0)ͷ஋Λ y(1)ͱ͢Δ
10 dy(1) = df( x(1) ); // x0ʹର͢Δ f’(x0)ͷ஋Λ dy(1)ͱ͢Δ
11
12 for k = 1:itr // େͰ࠷ itrճ܁Γฦ͢
13 x(k+1) = x(k) - y(k) / dy(k); // ࣜ (4.16)Ͱ xͷ஋Λߋ৽
14 y(k+1) = f( x(k+1) ); // ৽ͨ͠ߋ xʹର͢Δ f(x)ͷ஋
15 dy(k+1) = df( x(k+1) ); // ৽ͨ͠ߋ xʹର͢Δ f’(x)ͷ஋
16 if ( abs( y(k+1) ) < tol ) then // ࣜ (4.17)Ͱऩଋ൑ఆ
17 break; // ऩଋͨ͠Β forจ͔Βൈ͚Δ
18 end
19 end
20 format(12) // ஋Λ 10ܻ·Ͱදࣔ͢Δ
21 disp([ [0:k]’, x, y ]) // χϡʔτϯ๏ͷ܁Γฦ͠ճ਺ͱ x, y ͷ஋Λදࣔ
22 endfunction

7.1.2 χϡʔτϯ๏Ͱ p.72ͷྫ୊ 2ͷํఔࣜΛղ͘εΫϦϓτͷྫ ”ex2 Newton.sci”

ํఔࣜ f(x) = x3 +6x2 +21x+32 = 0Λχϡʔτϯ๏Ͱղ͘ʹ͸ɼ࣍ͷΑ͏ͳεΫϦϓτΛ࣮͢ߦΕ͹Α͍ɽ

1 clear; // ఆٛࡁΈͷม਺ͷ஋ͷফڈ
2 deff(’y=f(x)’,’y=x^3+6*x^2+21*x+32’); // f(x)ͷఆٛ
3 deff(’y=df(x)’,’y=3*x^2+12*x+21’); // f’(x)ͷఆٛ
4 exec(’Newton.sci’); // χϡʔτϯ๏ͷؔ਺ͷಡΈࠐΈ
5 Newton(f,df,0,1.0e-10,20); // ॳظ஋ 0ɼڐ༰ࠩޡ 1.0e-10, ฦ͠ճ਺܁େ࠷ 20Ͱղ͘

7.1.3 εΫϦϓτ ”ex2 Newton.sci” ͷ࣮݁ߦՌ

--> exec(’ex2_Newton.sci’);
0. 0. 32. // ॳظ஋ x = 0, y = f(0) = 32
1. - 1.523809524 10.39369399 // Γฦ͠܁ 1ճ໨
2. - 2.597508059 0.409107601 // Γฦ͠܁ 2ճ໨
3. - 2.638130209 - 0.003024983 // Γฦ͠܁ 3ճ໨
4. - 2.637834269 - 0.000000168 // Γฦ͠܁ 4ճ໨
5. - 2.637834253 3.55271E-15 // Γฦ͠܁ 5ճ໨Ͱऩଋ. ղ͸ x = -2.637834253

7.2 ํఔࣜͷղΛٻΊΔScilabͷඪ४ؔ਺ roots
ଟ߲ࣜ f(x) = 0ͷղΛٻΊΔ Scilabͷඪ४ؔ਺ͱͯ͠ roots͕͋ΔɽҎԼʹɼrootsؔ਺ͷ࢖༻ྫΛࣔ͢ɽ

--> y = poly([32,21,6,1],’x’,’coeff’); // ଟ߲ࣜ f(x)=x^3+6x^2+21x+32ͷఆٛ
--> roots(y) // f(x)=0ͷղΛ rootsؔ਺ͰٻΊΔ
ans =
- 2.637834253 // ղ 1 (Ίͨղʹಉ͡ٻͷྫͰه্)
- 1.681082874 + 3.050430199i // ղ 2 (ෳૉղ)
- 1.681082874 - 3.050430199i // ղ 3 (ෳૉղ)
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ୈ8ষ ඍ෼ํఔࣜͷ਺஋తղ๏

8.1 4࣍ͷϧϯήɾΫολ๏ʹΑΔඍ෼ํఔࣜͷ਺஋తղ๏

8.1.1 4࣍ͷϧϯήɾΫολ๏Ͱඍ෼ํఔࣜΛղؔ͘਺ ”RungeKutta.sci”

1 // ==================================================================
2 // RungeKutta.sci: 4࣍ͷϧϯήɾΫολ๏ (6.42)Ͱඍ෼ํఔࣜΛղؔ͘਺
3 // ------------------------------------------------------------------
4 // ʻҾ਺ʼ f: ඍ෼ํఔࣜͷؔ਺ f(x,y)
5 // a,b: ۠ؒ [a,b]
6 // y0: ॳظ৚݅
7 // N: ۠ؒͷ෼ׂ਺
8 // ʻฦΓ஋ʼ x,y: ඍ෼ํఔࣜͷ਺஋ղ (x:ϕΫτϧ, y:ϕΫτϧ)
9 // ==================================================================
10 function [x,y] = RungeKutta(f, a, b, y0, N)
11 h = (b - a)/N; // hɿ۠ؒͷࠁΈ෯
12 x = a:h:b; // x࣠ͷࠁΈ (ॎϕΫτϧ)
13 y = y0 ; // ॳظ৚݅ y=y0
14 for i = 1 : N // N఺ͰղΛٻΊΔ
15 k1 = h * f( x(i), y(i) ); // ࣜ (6.42) ͷ k1
16 k2 = h * f( x(i) + h/2, y(i) + k1/2 ); // ࣜ (6.42) ͷ k2
17 k3 = h * f( x(i) + h/2, y(i) + k2/2 ); // ࣜ (6.42) ͷ k3
18 k4 = h * f( x(i) + h, y(i) + k3 ); // ࣜ (6.42) ͷ k4
19 y(i+1) = y(i) + (k1 + 2*k2 + 2*k3 + k4) / 6; // ࣜ (6.42) ͷ y(i+1)
20 end
21 endfunction

8.1.2 4࣍ͷϧϯήɾΫολ๏Ͱp.141ͷྫ୊3Λղ͘εΫϦϓτͷྫ ”ex3 RungeKutta.sci”

1 // --------------------------------------------------------------------------
2 // ؔ਺ RungeKuttaΛ༻͍ͯྫ୊ 3 (p.141)Λղ͘εΫϦϓτ
3 // --------------------------------------------------------------------------
4 clear; // ఆٛࡁΈͷม਺ͷ஋ͷফڈ
5 exec(’RungeKutta.sci’); // ؔ਺ͷಡΈࠐΈ
6 deff(’dy=f(x,y)’,’dy=y-y^2’); // ྫ୊ 3ͷඍ෼ํఔࣜͷؔ਺ͷఆٛ
7 a = 0; // ۠ؒͷ࢝·Γ
8 b = 20; // ۠ؒͷऴΘΓ
9 y0 = 0.1; // ॳظ৚݅
10 N = 8; [x,y] = RungeKutta(f,a,b,y0,N); plot2d(x,y,1); // N = 8 ͷ৔߹
11 N = 10; [x,y] = RungeKutta(f,a,b,y0,N); plot2d(x,y,2); // N = 10 ͷ৔߹
12 N = 20; [x,y] = RungeKutta(f,a,b,y0,N); plot2d(x,y,3); // N = 20 ͷ৔߹

exec(’ex3 RungeKutta.sci’)Ͱɼ্هͷεΫϦϓτΛ࣮͢ߦΔͱɼਤ 8.1ʹࣔ͢ඍ෼ํఔࣜͷ਺஋ղ͕දࣔ͞ΕΔɽ

ਤ 8.1: ྫ୊ 3 (p.141)Λ 4࣍ͷϧϯήɾΫολ๏Ͱղ͍༷ͨࢠ (N = 8, 10, 20)
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8.2 Scilabͷඪ४ؔ਺odeͷํ͍࢖
Scilabͷඪ४ؔ਺ʹɼৗඍ෼ํఔࣜ (ODE; Ordinary Differential Equation)Λ਺஋తʹղؔ͘਺ ode͕͋Δɽ

ҎԼʹɼodeؔ਺Λ༻͍ͨ 1֊ͷඍ෼ํఔࣜɼn֊ͷඍ෼ํఔࣜɼ࿈ཱ 1֊ඍ෼ํఔࣜͷղ๏ͷྫΛࣔ͢ɽ

8.2.1 odeؔ਺ʹΑΔ 1֊ඍ෼ํఔࣜͷղ๏

odeؔ਺Λ༻͍ͯɼ࣍ͷΑ͏ͳඍ෼ํఔࣜͷॳظ஋໰୊Λղ͘ํ๏ʹ͍ͭͯઆ໌͢Δɽ

y′ = f(x, y), ॳظ৚݅ : y(x0) = y0 (8.1)

1֊ඍ෼ํఔࣜ y′ = x+ y, y(0) = 0ͷྫ

͜͜Ͱ͸ɼྫͱͯ͠ɼf(x, y) = x+ y, x0 = 0, y0 = 0ɼ͢ͳΘͪ࣍ࣜͷඍ෼ํఔࣜΛղ͘ɽ

y′ = x+ y, y(0) = 0 (8.2)

odeؔ਺ͷ 4ͭͷҾ਺͸ɼ͔ࠨΒ (1) y0ͷ஋ɼ(2) x0ͷ஋ɼ(3) ਺஋ղΛٻΊΔ۠ؒͷ x࣠ͷࠁΈͷྻܥ x0ʙxN

ͷԣϕΫτϧɼ(4)ؔ਺໊ͷॱͰɼྫ͑͹ɼ࣍ͷΑ͏ʹར༻͢Δɽ

--> deff(’yd=f(x,y)’,’yd=x+y’); // f(x,y)=x+yͷఆٛ
--> x0=0; y0=0; // ॳظ৚݅ y(0)=0ͷઃఆ
--> x=x0:0.2:1; // x=[0,1]ͷ۠ؒʹ͓͍ͯࠁΈ෯0.2Ͱղ͘(x=[0,0.2,0.4,..,1])
--> y=ode(y0,x0,x,f) // odeؔ਺Ͱඍ෼ํఔࣜΛղ͘
y =
0. 0.0214028 0.0918247 0.2221188 0.4255409 0.7182819 // odeؔ਺ʹΑΔ਺஋ղ

--> ye = exp(x)-x-1
ye =
0. 0.0214028 0.0918247 0.2221188 0.4255409 0.7182818 // ղີݫ exp(x)-x-1

1֊ඍ෼ํఔࣜ y′ = x+ y, y(0) = 2ͷྫ (ॳظ৚݅ͷΈ্͕هͷྫͱҟͳΔ)

ಉ༷ʹɼ ಉ͡ඍ෼ํఔࣜΛɼॳظ৚݅ x0 = 0, y0 = 2Ͱղ͘͜ͱΛ͑ߟΔɽ

y′ = x+ y, y(0) = 2 (8.3)

ॳظ৚݅ͷΈΛมͯ͠ߋɼಉ༷ʹ odeؔ਺Λ༻͍ͯղ͚͹Α͍ɽ

--> deff(’yd=f(x,y)’,’yd=x+y’); // f(x,y)=x+yͷఆٛ
--> x0=0; y0=2; // ॳظ৚݅Λ y(0)=2ʹมߋ (มͨ͠ߋͷ͸͜ͷߦͷΈ)
--> x=x0:0.2:1; // x=[0,1]ͷ۠ؒͰɼࠁΈ෯ 0.2Ͱղ͘
--> y=ode(y0,x0,x,f) // odeؔ਺Ͱඍ෼ํఔࣜΛղ͘
y =

2. 2.4642082 3.0754742 3.8663565 4.876623 6.1548466 // odeؔ਺ʹΑΔ਺஋ղ
--> ye = 3*exp(x)-x-1
ye =

2. 2.4642083 3.0754741 3.8663564 4.8766228 6.1548455 // ղີݫ 3*exp(x)-x-1

ਤ 8.2ʹɼ্هͰಘΒΕͨඍ෼ํఔࣜ y′ = x+ yͷղ (yͷ஋)Λਤࣔ͢Δɽ

ਤ 8.2: 1֊ඍ෼ํఔࣜ y′ = x+ yͷ 2छྨͷॳظ৚݅ y(0) = 0, ͓Αͼ y(0) = 2ʹର͢Δղ

27



8.2.2 odeؔ਺ʹΑΔߴ֊ඍ෼ํఔࣜͷղ๏

͜͜Ͱ͸ɼ࣍ࣜͷΑ͏ͳ n֊ ඍ෼ํఔࣜΛ਺஋తʹղ͘ํ๏ʹ͍ͭͯઆ໌͢Δɽ(֊ߴ)

y(n) = f
(
x, y, y′, y′′, . . . , y(n−1)

)
, (8.4)

ॳظ৚݅ : y(x0) = α0, y′(x0) = α1, y′′(x0) = α2, . . . , y
(n−1)(x0) = αn−1

2֊ඍ෼ํఔࣜͷղ๏ (y′′ = −0.3y′ − sin(y), y(0) = π/2, y′(0) = 0ͷྫ)

ྫͱͯ͠ɼodeؔ਺Λ༻͍ͯɼ࣍ࣜͰ༩͑ΒΕΔ 2֊ඍ෼ํఔࣜ (n = 2)Λղ͘ɽ

y′′ = −0.3y′ − sin(y), (8.5)

ॳظ৚݅ : y(0) = π/2, y′(0) = 0

n֊ͷඍ෼ํఔࣜΛ odeؔ਺Ͱղ͘৔߹ɼҾ਺͸ɼ(1)͔ࠨΒॳظ৚݅ͷॎϕΫτϧ [α0,α2, . . . ,αn−1]′ɼ(2) x0ͷ
஋ɼ(3)਺஋ղΛٻΊΔ۠ؒͷ x࣠ͷࠁΈͷྻܥ x0ʙxN ͷԣϕΫτϧɼ(4)ؔ਺໊ͷॱͰɼ࣍ͷΑ͏ʹهड़͢Δɽ
ୠ͠ҎԼͷྫͰ͸ɼu = y, v = y′ ͱ͍ͯ͠Δɽ

--> deff(’ydot=f(x,y)’, [’du=y(2)’, ’dv=-0.3*y(2)-sin(y(1))’, ’ydot=[du;dv]’])
// ؔ਺ u’=y’=f(x,u,v), v’=y"=g(x,u,v)ͷఆٛ

--> x0=0; y0=[%pi/2;0]; // ॳظ৚݅ͷઃఆ
--> x=0:0.1:15; // x=[0,15]ͷ۠ؒͰࠁΈ෯ 0.1Ͱղ͘
--> y=ode(y0,x0,x,f); // odeؔ਺Ͱඍ෼ํఔࣜΛղ͘
--> plot2d(x,y(1,:)); // ඍ෼ํఔࣜͷղ yΛϓϩοτ
--> plot2d(x,y(2,:)); // ඍ෼ํఔࣜͷղ y’ΛॏͶͯϓϩοτ (ਤ 8.3)

odeؔ਺ͰಘΒΕͨඍ෼ํఔࣜͷղ y, y′Λਤ 8.3ʹࣔ͢ɽn֊ (n > 3)ͷඍ෼ํఔࣜʹ͍ͭͯ΋ɼodeؔ਺Ͱಉ
༷ʹղ͘͜ͱ͕Ͱ͖Δɽ͜ͷ৔߹ɼodeͷҾ਺Ͱ༩͑Δॳظ஋ y0ͱɼdeffͰఆٛ͢Δؔ਺ ydotΛཁૉ͕ nݸͷ
ॎϕΫτϧͱ͢Ε͹Α͍ɽ

8.2.3 odeؔ਺ʹΑΔ࿈ཱ 1֊ඍ෼ํఔࣜͷղ๏ͷྫ

࿈ཱ 1֊ඍ෼ํఔࣜΛ਺஋తʹղ͘ํ๏ʹ͍ͭͯϩτΧɾϘϧςϥͷํఔࣜͷྫΛ༻͍ͯઆ໌͢Δɽ

࿈ཱ 1֊ඍ෼ํఔࣜͷղ๏ (ϩτΧɾϘϧςϥํఔࣜͷྫ)

ϩτΧɾϘϧςϥํఔࣜͱ͸ɼʮඃ৯ऀʯͱʮั৯ऀʯͷݸମ਺ͷׂ߹ͷมԽΛද͢୯७ͳੜଶܥϞσϧͰɼඃ
৯ऀͷݸମ਺ y1 ͱɼั৯ऀͷݸମ਺ y2 ͷؔ܎Λɼ࿈ཱඍ෼ํఔࣜͰ࣍ͷΑ͏ʹදͨ͠΋ͷͰ͋Δɽ

y′1 = y1 − y1y2 −
1

10
y21 (8.6)

y′2 = y1y2 − y2 −
1

20
y22 (8.7)

ྫ͑͹ɼॳظ৚݅Λ

y1(0) = 2, y2(0) = 1 (8.8)

ͱͯ͠ɼ࿈ཱඍ෼ํఔࣜΛղ͘ͱ࣍ͷΑ͏ʹͳΔɽͳ͓ɼ࿈ཱඍ෼ํఔࣜΛղ͘৔߹ͷ odeؔ਺ͷํ͍࢖͸ɼߴ
֊ඍ෼ํఔࣜΛղ͘৔߹ͱ΄΅ಉ͡Ͱ͋Δɽ

--> deff(’ydot=f(x,y)’, [’dy1=y(1)-y(1)*y(2)-y(1)^2/10’, ’dy2=y(1)*y(2)-y(2)-y(2)^2/20’,
’ydot=[dy1;dy2]’]); // y1’, y2’ͷఆٛ

--> x0=0; y0=[2;1]; // ॳظ৚݅ͷઃఆ
--> x=0:0.01:50; // xͷࠁΈ෯ͱൣғΛઃఆ
--> y=ode(y0,x0,x,f); // ඍ෼ํఔࣜΛղ͘
--> plot(y(1,:),y(2,:)); // y1, y2ͷϓϩοτ (ਤ 8.4)

ਤ 8.4ͷΑ͏ʹɼࣜ (8.8)Ͱ༩͑ΒΕΔॳظ৚݅Ͱ͸ɼั৯ऀͷ਺ʹରͯ͠ඃ৯ऀͷ਺͕ଟ͍ͨΊɼ͠͹Β͘ͷ
ؒ͸ั৯ऀͷ਺͕૿Ճ͢Δ͕ɼั৯ऀ͕૿͑͗͢Δͱඃ৯ऀͷ਺͕ݮΔͨΊʹั৯ऀͷ਺΋ݮΔɽ͜ͷΑ͏ͳα
ΠΫϧΛ܁Γฦ͠ɼ͋Δߧۉͳ஋ʹۙ෇͍͍ͯΔ༷͕ࢠΘ͔Δɽ
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ਤ 8.3: ྫ୊ͷ 2֊ඍ෼ํఔࣜͷղ ਤ 8.4: ϩτΧɾϘϧςϥͷํఔࣜͷղ ਤ 8.5: shooting.sciͷ࣮݁ߦՌ

8.3 γϡʔςΟϯά๏ (ૂ͍ܸͪ๏)ʹΑΔڥք஋໰୊ͷղ๏ͷྫ

8.3.1 ઢܗͷڥք஋໰୊ y′′ = p(x)y′ + q(x)y + r(x), y(a) = ya, y(b) = yb ͷྫ

ք஋໰୊ͱ͸ɼ͋ΔҟͳΔڥ 2఺ʹ͓͚Δ৚݅ ΊΔ໰ٻ༩͑ΒΕ͓ͯΓɼͦͷ৚݅Λຬͨ͢ղΛ͕(ք৚݅ڥ)
୊Ͱ͋Δɽྫͱͯ͠ɼ࣍ʹࣔ͢ઢܗͷڥք஋໰୊ΛγϡʔςΟϯά๏Λ༻͍ͯղ͘ɽ
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ͪͳΈʹɼ͜ͷઢڥܗք஋໰୊ͷີݫղ͸࣍ͷ௨ΓͰ͋Δɽ
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γϡʔςΟϯά๏Λద༻͢Δڥք஋໰୊ͷඍ෼ํఔࣜͷؔ਺ఆٛ ”f.sci”

1 // --------------------------------------------------------------------------
2 // γϡʔςΟϯά๏Λద༻͢Δڥք஋໰୊ͷྫ୊ͷඍ෼ํఔࣜΛఆٛ͢Δؔ਺
3 // --------------------------------------------------------------------------
4 function dz = f(x,z)
5 dz = [ z(2) // z(1)’= u’= z(2)
6 2 * x./(x^2 + 1).*z(2) - 2/(x^2 + 1).*z(1) + x^2 + 1 // z(2)’= p(x)u’+q(x)u+r(x)
7 z(4) // z(3)’= v’= z(4)
8 2 * x./(x^2 + 1).*z(4) - 2/(x^2 + 1).*z(3) ]; // z(4)’= p(x)v’+q(x)v
9 endfunction

γϡʔςΟϯά๏Ͱڥք஋໰୊Λղ͘εΫϦϓτͷྫ 2 ”shooting.sci”

ք஋໰୊Λڥͷه্ odeؔ਺Λ༻͍ͯղ͘εΫϦϓτͷྫΛҎԼʹࣔ͢ɽ

1 // --------------------------------------------------------------------------
2 // γϡʔςΟϯά๏ʹΑΓڥք஋໰୊ͷྫ୊Λղ͘εΫϦϓτ
3 // --------------------------------------------------------------------------
4 clear; // ఆٛࡁΈͷม਺ͷফڈ
5 exec(’f.sci’) // ྫ୊ͷඍ෼ํఔࣜͷؔ਺ఆٛͷಡΈࠐΈ
6 x = 0:0.001:1; // x࣠ͷࠁΈ
7 n = length(x); // x࣠ͷࠁΈͷ਺
8 a = 0; b = 1; // ۠ؒ [a,b]=[0,1]
9 ya = 2; yb = 5/3; // x=a,bʹ͓͚Δڥք৚݅
10 z0 = [ya,0,0,1]’; // ඍ෼ํఔࣜͷղͷॳظ஋
11 z = ode(z0, a, x, f); // odeؔ਺Λར༻
12
13 y = z(1,:) + (yb - z(1,n)) * z(3,:)./ z(3,n); // ݁Ռ: y(x) = u(x)+(yb-u(b))/v(b)*v(x)
14 plot2d(x,y); xgrid; // άϥϑͷදࣔɼάϦουදࣔ

exec(’shooting.sci’)ͱͯ͠ɼεΫϦϓτΛ࣮͢ߦΔͱɼਤ 8.5͕දࣔ͞ΕΔɽ
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