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MS .NET-±µ³¶µ´¥´ÉÒ ¤²Ö ±Ê¸µÎ´µ-±Ê¡¨Î¥¸±µ°  ¶¶·µ±¸¨³ Í¨¨

�·¥¤¸É ¢²¥´Ò ±µ³¶µ´¥´ÉÒ MS Visual C# ¤²Ö  ²£µ·¨É³  ±Ê¸µÎ´µ-±Ê¡¨Î¥¸±µ°
 ¶¶·µ±¸¨³ Í¨¨ ¢ ·¥¦¨³¥  ¢Éµ³ É¨Î¥¸±µ£µ ¸²¥¦¥´¨Ö (��‘� Å autotracking
piecewise cubic approximation): ¡¨¡²¨µÉ¥±  ±² ¸¸µ¢ ¨ Windows-¶·¨²µ¦¥´¨Ö. �²-
£µ·¨É³Ò µ¡Ñ¥±É´µ-µ·¨¥´É¨·µ¢ ´´ÒÌ ±² ¸¸µ¢ µ¸´µ¢ ´Ò ´  ´¥¤ ¢´µ ¶·¥¤²µ¦¥´-
´µ³ ´µ¢µ³ Î¨¸²¥´´µ³ ¶µ¤Ìµ¤¥. „²Ö ¢Ò¶µ²´¥´¨Ö  ²£µ·¨É³  APCA ¨ ±µ´¸É·Ê¨-
·µ¢ ´¨Ö  ¶¶·µ±¸¨³ ´É ´  µ¸´µ¢¥ ¤ ´´ÒÌ ¸µ§¤ ´µ Windows-¶·¨²µ¦¥´¨¥, µ¸´µ-
¢ ´´µ¥ ´  ±µ³¶µ´¥´É Ì ±² ¸¸µ¢. �·¨¢µ¤¨É¸Ö ¸É·Ê±ÉÊ·  ±² ¸¸µ¢ ¨ µ¶¨¸Ò¢ ÕÉ¸Ö
¶· ¢¨²  ¨¸¶µ²Ó§µ¢ ´¨Ö ¶·¨²µ¦¥´¨Ö ¨ µ¡· ¡µÉ±¨ ¤ ´´ÒÌ ¨  ¶¶·µ±¸¨³ ´É ¢ ´¥³.
�ËË¥±É¨¢´µ¸ÉÓ ´µ¢µ£µ ¶µ¤Ìµ¤  ¤¥³µ´¸É·¨·Ê¥É¸Ö ± ± ¤²Ö · ¸Î¥É´ÒÌ ¤ ´´ÒÌ, É ±
¨ ¤²Ö ·¥ ²Ó´ÒÌ ¨§³¥·¥´¨°.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ¨´Ëµ·³ Í¨µ´´ÒÌ É¥Ì´µ²µ£¨° �ˆŸˆ.
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MS .NET Components for Piecewise Cubic Approximation

The paper presents MS Visual C# components for autotracking piecewise cubic
approximation (APCA): a class library and a Windows application. The algorithms of
the object-oriented classes are based on a recently proposed new numerical approach.
To perform APCA analysis and construct data approximants, a Windows application
was built based on the class components. The paper shows the structure of the classes
and how to use the application and handle data and their approximants. The efˇciency
of the new approach is demonstrated on simulated data and real measurements.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2004



‚‚…„…�ˆ…

�´ ²¨§ § ¢¨¸¨³µ¸É¨ ³¥¦¤Ê ¶¥·¥³¥´´Ò³¨ Ö¢²Ö¥É¸Ö µ¤´µ° ¨§ £² ¢´ÒÌ § -
¤ Î É¥Ì´¨Î¥¸±¨Ì ¨ ´ ÊÎ´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. • · ±É¥· § ¢¨¸¨³µ¸É¨ ¨ ÉµÎ´µ¸ÉÓ
¤ ´´ÒÌ Î ¸Éµ µ¶·¥¤¥²ÖÕÉ ¨´¸É·Ê³¥´ÉÒ ¨ ³¥Éµ¤Ò, ¤µ¸ÉÊ¶´Ò¥ ¨¸¸²¥¤µ¢ É¥²Ö³.

�¨¸. 1. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  É¥¶²µ¥³±µ¸É¨
Ô²¥±É·µ´µ¢ ¤²Ö ³µ²¥±Ê²Ò D- Í¥Éµ´ 

�¨¸. 2. ‘¥Î¥´¨Ö ¤²Ö ¸µÊ¤ ·¥´¨Ö π-³¥§µ-
´µ¢

�  ·¨¸. 1, 2 ¶µ± § ´Ò ¤¢¥ · §²¨Î´Ò¥ ¸¨ÉÊ Í¨¨. �  ·¨¸. 1 ¨§µ¡· ¦¥´ 
¸²µ¦´ Ö § ¢¨¸¨³µ¸ÉÓ ÉµÎ¥± ¶µÎÉ¨ ¡¥§ µÏ¨¡µ±, ¶µ²ÊÎ¥´´ Ö ¢ ·¥§Ê²ÓÉ É¥ · ¸-
Î¥Éµ¢ [1]. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ, ´  ±µÉµ·µ° ¡¥§ É·Ê¤  ³µ¦´µ
Ê¢¨¤¥ÉÓ ¤¢  ¶¨± , µ¤´ ±µ ¤ ´´Ò¥ ¸¨²Ó´µ ¨¸± ¦¥´Ò ÏÊ³µ³ [2]. ‚ ¶¥·¢µ³
¸²ÊÎ ¥ ´¥É ´¥µ¡Ìµ¤¨³µ¸É¨ ¨¸¶µ²Ó§µ¢ ÉÓ ·¥£·¥¸¸¨µ´´Ò°  ´ ²¨§, Éµ£¤  ± ± ¢µ
¢Éµ·µ³ ¥¤¢  ³µ¦´µ ¶µ¤µ¡· ÉÓ Ö¢´ÊÕ ËÊ´±Í¨Õ, ±µÉµ· Ö ³µ£²  ¡Ò ¢Ò· §¨ÉÓ
§ ¢¨¸¨³µ¸ÉÓ ´  ¢¸¥³ ¨´É¥·¢ ²¥. ‚ ÔÉµ³ ¸²ÊÎ ¥ ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¸¶² °´Ò,
µ¤´ ±µ Î¨¸²µ Ê§²µ¢ ¢ É ±µ³ ¸¶² °´¥ ¡Ê¤¥É ¸²¨Ï±µ³ ¢¥²¨±µ ¨ ÔÉµ Î¨¸²µ ¦¥-
² É¥²Ó´µ Ê³¥´ÓÏ¨ÉÓ É¥³ ¨²¨ ¨´Ò³ ¸¶µ¸µ¡µ³.

‚ · ¡µÉ¥ [3] ³Ò ¶·¥¤²µ¦¨²¨ ´µ¢Ò° ¶µ¤Ìµ¤ ( ²£µ·¨É³ LOCUSD) ±  ´ -
²¨§Ê ¸²µ¦´ÒÌ § ¢¨¸¨³µ¸É¥°, ¨¸± ¦¥´´ÒÌ µÉ´µ¸¨É¥²Ó´µ ´¥¡µ²ÓÏ¨³ ÏÊ³µ³.
�·¥¤²µ¦¥´´Ò° É ³  ²£µ·¨É³ ·¥ ²¨§µ¢ ´ ¢ ¢¨¤¥ Widows-¶·¨²µ¦¥´¨Ö ±Ê¸µÎ´µ-
±Ê¡¨Î¥¸±µ°  ¶¶·µ±¸¨³ Í¨¨ ¢ ·¥¦¨³¥ ¸²¥¦¥´¨Ö Å APCA (autotracking piece-
wise cubic approximation), ¶µ§¢µ²ÖÕÐ¥£µ · §¡¨¢ ÉÓ ¨´É¥·¢ ²/±·¨¢ÊÕ ´  ¶µ-
¤Ò´É¥·¢ ²Ò/¸¥£³¥´ÉÒ · §²¨Î´µ° ¤²¨´Ò, ´ Ìµ¤¨ÉÓ ´  ± ¦¤µ³ ÊÎ ¸É±¥ ²µ± ²Ó-
´Ò¥ ±Ê¡¨Î¥¸±¨¥ µÍ¥´±¨ (ÔÉ ¶ I) ¨ ¶µ²ÊÎ ÉÓ £²µ¡ ²Ó´ÊÕ ±Ê¸µÎ´µ-±Ê¡¨Î¥¸±ÊÕ
 ¶¶·µ±¸¨³ ´ÉÊ (ÔÉ ¶ II). �¡´ ·Ê¦¥´¨¥ ÉµÎ¥± ¸ÉÒ±µ¢±¨ ¸¥£³¥´Éµ¢ (Ê§²µ¢) ¢
·¥¦¨³¥  ¢Éµ³ É¨Î¥¸±µ£µ ¸²¥¦¥´¨Ö ¨ ·¥±Ê··¥´É´µ¥ ¢ÒÎ¨¸²¥´¨¥ ¶ · ³¥É·µ¢
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¸µ¸É ¢²ÖÕÉ ¤¢  ¢ ¦´ÒÌ ¸¢µ°¸É¢  ¶·¥¤²µ¦¥´´µ£µ ³¥Éµ¤ , ¨¸¶µ²Ó§ÊÕÐ¥£µ ¸¶¥-
Í¨ ²Ó´ÊÕ ±Ê¡¨Î¥¸±ÊÕ ³µ¤¥²Ó  ¶¶·µ±¸¨³ ´ÉÒ (TPS-³µ¤¥²Ó) [3, 4].

‚ · §¤. 1 ¤ ´µ ±· É±µ¥ µ¶¨¸ ´¨¥ ±µ³¶µ´¥´Éµ¢ APCA ¨ Ëµ·³Ê², § ²µ-
¦¥´´ÒÌ ¢  ²£µ·¨É³¥, ±µÉµ·Ò° µ´¨ ·¥ ²¨§ÊÕÉ. ‚ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥ µ¶¨-
¸ ´  µ¡Ñ¥±É´µ-µ·¨¥´É¨·µ¢ ´´ Ö ¡¨¡²¨µÉ¥±  ±µ³¶µ´¥´É ´  Ö§Ò±¥ MS Visual
C#. ’·¥É¨° · §¤¥² ¸µ¤¥·¦¨É µ¶¨¸ ´¨¥ Windows-¶·¨²µ¦¥´¨Ö ¤²Ö ¢Ò¶µ²´¥´¨Ö
APCA,  ´ ²¨§  ¨ Ëµ·³¨·µ¢ ´¨Ö ¤ ´´ÒÌ  ¶¶·µ±¸¨³ ´É, ¶µ¸É·µ¥´´ÒÌ ¸ ¶µ³µ-
ÐÓÕ ¸¨¸É¥³Ò ±µ³¶µ´¥´Éµ¢. ‚ · §¤. 4 ¶·¨¢µ¤ÖÉ¸Ö ¶·¨³¥·Ò ·¥§Ê²ÓÉ Éµ¢ · ¸Î¥-
Éµ¢, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ ±µ³¶µ´¥´Éµ¢ APCA ¨ Windows-¶·¨²µ¦¥´¨Ö.
‚ ±µ´Í¥ ¶·¨¢µ¤¨É¸Ö ¨Éµ£µ¢µ¥ µ¶¨¸ ´¨¥ ¶·µ¸É· ´¸É¢  ¨³¥´ ¨ ¸¨£´ ÉÊ· ±µ´-
¸É·Ê±Éµ·µ¢ ¨ ³¥Éµ¤µ¢ ¤²Ö ±² ¸¸µ¢ SegmentsAll ¨ Segment.

1. APCA

APCA µ¸´µ¢ ´  ´  ³µ¤¥²¨  ¶¶·µ±¸¨³ ´ÉÒ ¸µ ¸¢µ¡µ¤´Ò³ ¶ · ³¥É·µ³ θ

f ≈ Π + θQ

¤²Ö ±Ê¡¨Î¥¸±µ£µ ¶·¨¡²¨¦¥´¨Ö ËÊ´±Í¨¨, § ¤ ´´µ° Ëµ·³Ê²µ° ¨²¨ É ¡²¨Í¥°.
‚ APCA ÔÉ  ³µ¤¥²Ó ·¥ ²¨§Ê¥É¸Ö ¢ ¤¢  ÔÉ ¶ . �  ¶¥·¢µ³ ÔÉ ¶¥ ´ Ìµ¤ÖÉ¸Ö
¶µ¤Ò´É¥·¢ ²Ò ¨ ®±Ê¡¨Î¥¸±¨¥ ¸¥£³¥´ÉÒ¯,   ´  ¢Éµ·µ³ Å ±Ê¸µÎ´µ-±Ê¡¨Î¥¸± Ö
 ¶¶·µ±¸¨³ ´É  ¢ Í¥²µ³. �·¥¦¤¥ Î¥³ ¶·¨¢¥¸É¨ µ¸´µ¢´Ò¥ Ëµ·³Ê²Ò ± ¦¤µ£µ ¨§
ÔÉ ¶µ¢, ¤ ¤¨³ ±· É±µ¥ µ¶¨¸ ´¨¥ ±Ê¡¨Î¥¸±µ° ³µ¤¥²¨.

Œµ¤¥²Ó. „²Ö ±Ê¸µÎ´µ-±Ê¡¨Î¥¸±µ£µ ¶·¨¡²¨¦¥´¨Ö ±·¨¢µ°, § ¤ ´´µ° Ê¶µ-
·Ö¤µÎ¥´´Ò³ ³ ¸¸¨¢µ³ ¤ ´´ÒÌ

M : {[xn, fn]}n=1,N , fn = f(xn), xn < xn+1, 4 � N, (1)

³Ò ¨¸¶µ²Ó§Ê¥³ ±Ê¡¨Î¥¸±ÊÕ ³µ¤¥²Ó, ¶µ²ÊÎ¥´´ÊÕ ¢ · ³± Ì ¶·Ö³ÒÌ ¨ µ¡· É´ÒÌ
Î¥ÉÒ·¥ÌÉµÎ¥Î´ÒÌ ¨²¨ ¤¨¸±·¥É´ÒÌ ¶·µ¥±É¨¢´ÒÌ ¶·¥µ¡· §µ¢ ´¨° (DPT) [4].
� ¡µ· ¨§ Î¥ÉÒ·¥Ì ÉµÎ¥±

q : {f(α), f(β), f(0), f(τ)}, q ∈ M, α = xα − x0, β = xβ − x0, τ = x − x0

¶·¥¤¸É ¢²Ö¥É µ¸´µ¢´µ° µ¡Ñ¥±É ¢ DPT-³¥Éµ¤¨±¥, £¤¥ xα, xβ , x0 ¨ x Å ²Õ¡Ò¥
§´ Î¥´¨Ö ¨§ {xn}, xα �= xβ �= x0 �= x, n = 1, 2, . . . , N . ˆ§ É·¥Ì ÉµÎ¥± ¢ ´ ¡µ·¥
q Ëµ·³¨·Ê¥É¸Ö 3D-¢¥±Éµ· r0 = [f(α), f(β), f(0)]T ∈ M , ±µÉµ·Ò° ³Ò ¡Ê¤¥³
´ §Ò¢ ÉÓ ·¥¶¥·µ³.

„²Ö ¤ ´´µ£µ ·¥¶¥·  r0 ¢¢¥¤¥³ ¤¢¥ µ¶¥· Í¨¨ (¶·Ö³ÊÕ (DPT) ¨ µ¡· É´ÊÕ
(IDPT)).

DPT:

D (f(τ); r0) ≡ Df(x) = p1f(α) + p2f(β) + p3f(τ),
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£¤¥

p1 =
βτ

(α − τ)(α − β)
, p2 =

ατ

(β − τ)(β − α)
,

p3 =
αβ

(τ − α)(τ − β)
, p1 + p2 + p3 = 1.

IDPT:
D−1Df(τ) = d1f(α) + d2f(β) + d3Df(τ), (2)

d1 =
τ(τ − β)
α(β − α)

, d2 =
τ(τ − α)
β(α − β)

, d3 =
(τ − α)(τ − β)

αβ
,

d1 + d2 + d3 = 1.

‚ Î ¸É´µ¸É¨,
D(c0 + c1τ + c2τ

2 + θτ3; r0) = c0 + θαβτ. (3)

�  µ¸´µ¢¥ (2) ¨ (3) ²¥£±µ ¶µ²ÊÎ¨ÉÓ ±Ê¡¨Î¥¸±ÊÕ ³µ¤¥²Ó  ¶¶·µ±¸¨³ ´ÉÒ ¤²Ö f

D−1Df(τ)︸ ︷︷ ︸
f

≈ d1f(α) + d2f(β) + d3f(0)︸ ︷︷ ︸
Π

+ d3θαβτ︸ ︷︷ ︸
θQ

, τ ∈ [a, b],

¨²¨
C(τ ; a, r0, θ) = Π(τ ; a, r0) + θQ(τ ; a), (4)

£¤¥ a = (α, β, x0), Q(τ ; a) = τ(τ − α)(τ − β), Π(τ ; a, r0) = (r0,d), ¨ d =
[d1, d2, d3]T .

�É³¥É¨³, ÎÉµ ¶ · ¡µ²Ò Π ¨ Q µ¡² ¤ ÕÉ ¸²¥¤ÊÕÐ¨³¨ ¸¢µ°¸É¢ ³¨:

Π(α) = f(α), Π(β) = f(β), Π(0) = f(0)

¨
Q(α) = Q(β) = Q(0) = 0.

Š ± ³Ò ¢¨¤¥²¨, ·¥¶¥·´Ò¥ ÉµÎ±¨ [α, f(α)], [β, f(β)] ¨ [x0, f(x0)] ¨£· ÕÉ
±²ÕÎ¥¢ÊÕ ·µ²Ó ¢ Î¥ÉÒ·¥ÌÉµÎ¥Î´µ³ ¶µ¤Ìµ¤¥. ‚ APCA α ¨ β  ¸¸µÍ¨¨·ÊÕÉ¸Ö
¸ ²¥¢Ò³ ¨ ¶· ¢Ò³ ±µ´Íµ³ ¤ ´´µ£µ ¶µ¤Ò´É¥·¢ ² , ¸µµÉ¢¥É¸É¢¥´´µ,   x0 ¨¸-
¶µ²Ó§Ê¥É¸Ö ± ± ´ Î ²µ ²µ± ²Ó´µ° ¸¨¸É¥³Ò ±µµ·¤¨´ É, ¢ ±µÉµ·µ° § ¤ ´Ò α ¨
β (¸³. [3, 4]).

�Ê¸ÉÓ ¤ ´´Ò¥ (1) ¶·¥¤¸É ¢²ÖÕÉ µÉ¸Î¥ÉÒ ±·¨¢µ° f(x). �Ê¤¥³ ¨¸± ÉÓ ¨´-
É¥·¢ ²Ò [ak, bk] ≡ [a, b]k, k = 1, 2, . . . , ´  ±µÉµ·ÒÌ ³µ¤¥²Ó (4)  ¶¶·µ±¸¨³¨·Ê¥É
±·¨¢ÊÕ ±Ê¸± ³¨ ±Ê¡¨Î¥¸±¨Ì ¸¥£³¥´Éµ¢ ¸ § ¤ ´´µ° ÉµÎ´µ¸ÉÓÕ. �·¨ ¨§¢¥¸É´µ³
·¥¶¥·¥ r0 ³µ¤¥²Ó (4) § ¢¨¸¨É Éµ²Ó±µ µÉ ´¥¨§¢¥¸É´µ£µ ¶ · ³¥É·  θ, ¨ ¤²Ö ´ Ìµ-
¦¤¥´¨Ö k-°  ±ÉÊ ²Ó´µ°  ¶¶·µ±¸¨³ ´ÉÒ ´ ³ É·¥¡Ê¥É¸Ö ´ °É¨ £· ´¨Î´ÊÕ ÉµÎ±Ê
[bk, f(bk)] ¨´É¥·¢ ²  ¨ µÍ¥´±Ê θ̂k. � Ï  ²£µ·¨É³ ¨Ð¥É [bk, f(bk)] (¶· ¢ÊÕ
£· ´¨ÍÊ) ¨ µ¶·¥¤¥²Ö¥É µÍ¥´±Ê θ̂k.
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„²Ö µ¡´ ·Ê¦¥´¨Ö ÉµÎ±¨ µ¸É ´µ¢  (breakpoint) ¢ k-³ ¸¥£³¥´É¥ Ëµ·³¨·Ê-
ÕÉ¸Ö ¢¥±Éµ·Ò r0n = [f−1,fn+s, f0], n = nk, nk + 1, . . . , £¤¥ f∗ = f(x∗), s Å
·¥£Ê²¨·ÊÕÐ¨° ¶ · ³¥É· (¢ ¤ ´´µ° ¢¥·¸¨¨ ´¥ ¨¸¶µ²Ó§Ê¥É¸Ö) ¨ ¢ÒÎ¨¸²ÖÕÉ¸Ö
¸²¥¤ÊÕÐ¨¥ ¢¥²¨Î¨´Ò: µÍ¥´±  θ̂n ¢ n-° ÉµÎ±¥ (ÉµÎ¥Î´ Ö µÍ¥´±  θ), ¶µÏ £µ¢µ¥
Ê¸·¥¤´¥´¨¥ ¸¢µ¡µ¤´µ£µ ¶ · ³¥É·  ¤²Ö m ÉµÎ¥± θ̂m ¨ ´¥¢Ö§±  ¢ n-° ÉµÎ±¥

δn = fn − Π(τn; an, r0n) − θ̂mQ(τn; an).

Š·¨É¥·¨¥³ µ¡´ ·Ê¦¥´¨Ö ¶· ¢µ£µ ±µ´Í  ¨´É¥·¢ ²  ¸²Ê¦¨É Ê¸²µ¢¨¥ |δn| > δ,
£¤¥ δ Å § ¤ ´´µ¥ Î¨¸²µ (¶ · ³¥É· ´ ¸É·µ°±¨). �·¨ ¢Ò¶µ²´¥´¨¨ ÔÉµ£µ ´¥· -
¢¥´¸É¢  ÉµÎ±  ¸É ´µ¢¨É¸Ö ±µ´Í¥¢µ° (bk = xn), ¨´ Î¥ µ´  ¢±²ÕÎ ¥É¸Ö ¢ ¸¥£³¥´É
(n = nk + 1), ¨ Í¨±² ¶µ¢Éµ·Ö¥É¸Ö.

� Ï  Í¥²Ó § ±²ÕÎ ¥É¸Ö ¢ · §¡¨¥´¨¨ Í¥²µ£µ ¨´É¥·¢ ²  〈x1, xN 〉 ´  ¶µ¤Ò´-
É¥·¢ ²Ò É ±, ÎÉµ¡Ò ´  ± ¦¤µ³ ¨§ ´¨Ì ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸¥£³¥´ÉÒ ËÊ´±Í¨¨
¶·¨¡²¨¦ ²¨¸Ó ±Ê¡¨Î¥¸±¨³¨ ¶ · ¡µ² ³¨. ‚ APCA ÔÉ  § ¤ Î  ·¥Ï ¥É¸Ö ¢ ¤¢ 
ÔÉ ¶ .

�É ¶ 1. �¥§Ê²ÓÉ É ³¨ ¶¥·¢µ£µ ÔÉ ¶  Ö¢²ÖÕÉ¸Ö:
Å K ¶µ¤Ò´É¥·¢ ²µ¢ 〈xk

1 , xk
nk
〉, k = 1, K, £¤¥ x1

1 = x1, xK
nK

= xN ¨
nk � 4 (± ¦¤Ò° ¶µ¤Ò´É¥·¢ ² ¤µ²¦¥´ ¢±²ÕÎ ÉÓ ´¥ ³¥´¥¥ Î¥ÉÒ·¥Ì ÉµÎ¥±),

Å K µÍ¥´µ± θ̄k ¸¢µ¡µ¤´µ£µ ¶ · ³¥É·  θ ¨
K∑

k=1

(nk − 3) ²µ± ²Ó´ÒÌ ÉµÎ¥Î-

´ÒÌ µÍ¥´µ± ŷk
∗ , £¤¥

θ̄k = θ̄k
nk−3, θ̄k

m =
m − 1

m
θ̄k

m−1 +
θ̂k

m

m
,

¨²¨ θ̂k
m = θ̂k

m−1 + gm[fk
m − Πk

m − θ̂k
m−1Q

k
m],

£¤¥ gm = Qk
m/

m∑
i=1

(Qk
i )2,

θ̄k
0 = 0, θ̂k

m =
fk

m+2 − Πk
m+2

Qk
m+2

,

ŷk
m+2 = Πk

m+2 + θ̄k
mQk

m+2,




m = 1, nk − 3, k = 1, K,

  Πk
m+2, Qk

m+2 ¢ÒÎ¨¸²ÖÕÉ¸Ö ´  µ¸´µ¢¥ ·¥¶¥·´ÒÌ ÉµÎ¥± [xk
1 , fk

1 ], [xk
2 , fk

2 ] (¶¥·-
¢Ò¥ ¤¢¥ ÉµÎ±¨ ¶µ¤Ò´É¥·¢ ² ) ¨ É¥±ÊÐ¥° ÉµÎ±¨ [xk

m+3, f
k
m+3] (¶· ¢Ò° ±µ-

´¥Í ¶µ¤Ò´É¥·¢ ² ), ¸³. [3]. �¥µ¡Ìµ¤¨³µ § ³¥É¨ÉÓ, ÎÉµ µÍ¥´±¨ ·¥¶¥·´ÒÌ
±µµ·¤¨´ É ´¥ ¢ÒÎ¨¸²ÖÕÉ¸Ö, É ± ± ± ¨§ ¸¢µ°¸É¢ Π ¨ Q ³Ò ¨³¥¥³ ŷk

i ≡ fk
i ,

i = 1, 2, nk.
�µ¨¸± K � 1 ¶µ¤Ò´É¥·¢ ²µ¢ ¢Ò¶µ²´Ö¥É¸Ö ¶µ ¸²¥¤ÊÕÐ¥° ¸Ì¥³¥: k =

1, Ï £ A: ¸µ§¤ ¥É¸Ö ´µ¢Ò° ¶µ¤Ò´É¥·¢ ² ¸ ¶¥·¢µ° Î¥É¢¥·±µ° ÉµÎ¥± ¨§ (1)
(±µµ·¤¨´ É ³¨ ¶¥·¢µ° ÉµÎ±¨ ¡¥·ÊÉ¸Ö xk

1 ≡ x1, fk
1 ≡ f1); É·¥ÉÓÖ ¡¥·¥É¸Ö § 
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¶¥·¢ÊÕ É¥±ÊÐÊÕ ÉµÎ±Ê ´  k-³ ¸¥£³¥´É¥ (m = 1),   µ¸É ²Ó´Ò¥ É·¨ ÉµÎ±¨
¨¸¶µ²Ó§ÊÕÉ¸Ö ± ± ·¥¶¥·´Ò¥;

• m = m + 1, Ï £ B: ¡¥·¥É¸Ö ¸²¥¤ÊÕÐ Ö ¶µ¤¢¨¦´ Ö ÉµÎ±  ¸ ¨´¤¥±¸µ³
m +2,   ¶¥·¢ Ö, ¢Éµ· Ö ¨ (m + 2 + s)-Ö (s = 1) ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ ± Î¥¸É¢¥
·¥¶¥·´ÒÌ ÉµÎ¥± ¤²Ö ¢ÒÎ¨¸²¥´¨Ö µÍ¥´±¨ µ·¤¨´ ÉÒ ŷk

m+2 = Πk
m+2 +

θ̄k
mQk

m+2;

• ¥¸²¨ |fk
m+2 − ŷk

m+2| < δ, Éµ ¶¥·¥Ìµ¤¨³ ± ¸²¥¤ÊÕÐ¥° ÉµÎ±¥ (Ï £ B),
¨´ Î¥ É¥±ÊÐ¨° ¶µ¤Ò´É¥·¢ ² § ± ´Î¨¢ ¥É¸Ö ¸ nk = m + 2 ÉµÎ± ³¨ (¡¥§
¶µ¸²¥¤´¥° ¶µ¤¢¨¦´µ° ÉµÎ±¨), ¨ ´ Î¨´ ¥É¸Ö ´µ¢Ò° ¶µ¤Ò´É¥·¢ ² (k =
k + 1, Ï £ A) ¸ ¶¥·¢µ° ÉµÎ±µ° [xk

1 ≡ xk−1
m+2,fk

1 ≡ fk−1
m+2] (²¥¢Ò° ±µ´¥Í

´µ¢µ£µ ¸¥£³¥´É  ¶·¨· ¢´¨¢ ¥É¸Ö ¶· ¢µ³Ê ±µ´ÍÊ ¶·¥¤Ò¤ÊÐ¥£µ).

�É ¶ 2. �¡´ ·Ê¦¥´¨¥ ¶µ¤Ò´É¥·¢ ²µ¢ ¸µ¸É ¢²Ö¥É µ¸´µ¢´µ¥ ´ §´ Î¥´¨¥
APCA. �µ ·¥§Ê²ÓÉ É ³ ¶¥·¢µ£µ ÔÉ ¶  ³µ¦´µ ¸É·µ¨ÉÓ · §²¨Î´Ò¥ ¨´É¥£· ²Ó-
´Ò¥ µÍ¥´±¨. ŒÒ µ¶¨Ï¥³ ±µ·µÉ±µ µ¤¨´ ¨§ ¢ ·¨ ´Éµ¢, ¢ ±µÉµ·µ³ ¨¸¶µ²Ó§ÊÕÉ¸Ö
¶¥·¢Ò¥ ¶·µ¨§¢µ¤´Ò¥ ´  ±µ´Í Ì ¶µ¤Ò´É¥·¢ ²µ¢ [ak, bk] ¤²Ö ¶µ²ÊÎ¥´¨Ö ¨´É¥-
£· ²Ó´µ° µÍ¥´±¨ θ k-£µ ¸¥£³¥´É  (¨´¤¥±¸ Ê ak, bk µ¶ÊÐ¥´):

θ̂k =
1
γ2

(
f̂ ′

a + f̂ ′
b −

2
γ

∆ba

)
,

£¤¥ f̂ ′
a =

1
abγ

(a2∆ba − γ2(∆a0 − θ̂ka2b)), f̂ ′
β =

1
abγ

(a2∆ba − γ2(∆b0−

θ̂kab2)), ∆ba = fb − fa, ∆a0 = fa − f0, ∆b0 = fb − f0, γ = b − a (¤¥É ²¨
¸³. ¢ [2]).

‚ ·¥§Ê²ÓÉ É¥ ±Ê¡¨Î¥¸±¨¥  ¶¶·µ±¸¨³ ´ÉÒ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢ ¢¨¤¥

f̂k(τ) = Πk(τ ; ak, bk) + θ̂kQk(τ ; ak, bk), τ = x − x0, k = 1, K, (5)

£¤¥ Πk , Qk ¢ÒÎ¨¸²ÖÕÉ¸Ö Î¥·¥§ ·¥¶¥·´Ò¥ ÉµÎ±¨, µ¡· §µ¢ ´´Ò¥ ¨§ £· ´¨Î´ÒÌ
ÉµÎ¥±, ¨ ÉµÎ±¨, · ¸¶µ²µ¦¥´´Ò¥ ¢ ¸¥·¥¤¨´¥ ¸¥£³¥´É . ‡ ³¥É¨³, ÎÉµ ¢ ÉµÎ± Ì
¸ÉÒ±µ¢±¨ ¸¥£³¥´Éµ¢  ¶¶·µ±¸¨³ ´ÉÒ ¸µ¢¶ ¤ ÕÉ.

2. ��š…Š’��-��ˆ…�’ˆ��‚����… ��ˆ‹�†…�ˆ… APCA

‚ .NET É¥·³¨´µ³ ±µ³¶µ´¥´É µ¶·¥¤¥²Ö¥É¸Ö ²Õ¡ Ö Î ¸ÉÓ ¶·µ£· ³³´µ£µ
±µ¤ , ¸µ§¤ ´´µ£µ ¤²Ö · ¡µÉÒ ¢ ¢¨¤¥ ¸µ¸É ¢´µ° Î ¸É¨ µ¡Ð¥£µ ¶·¨²µ¦¥´¨Ö,
±µÉµ·ÊÕ ³µ¦´µ ´¥§ ¢¨¸¨³µ · ¸¶·µ¸É· ´ÖÉÓ ¨ ³´µ£µ±· É´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¢
· §²¨Î´ÒÌ ¶·¨²µ¦¥´¨ÖÌ. ’ ±¨³ µ¡· §µ³, ±µ³¶µ´¥´É ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ°
¤¨¸±·¥É´ÊÕ ¥¤¨´¨ÍÊ ¶·µ£· ³³´µ£µ µ¡¥¸¶¥Î¥´¨Ö [5]. � ³¨ ¶·¥¤Ê¸³µÉ·¥´Ò
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¤¢  É¨¶  ±µ³¶µ´¥´Éµ¢: ¨¸¶µ²Ó§ÊÕÐ¨¥ £· Ë¨Î¥¸±¨° ¨´É¥·Ë¥°¸ ¶µ²Ó§µ¢ É¥²Ö
(GUI) ¨ ´¥ ¨¸¶µ²Ó§ÊÕÐ¨¥ GUI. ‘µ§¤ ´¨¥ ±µ³¶µ´¥´Éµ¢ µ¸´µ¢ ´µ ´  ¡¨¡²¨µ-
É¥±¥ LinAlg [6], ±µÉµ· Ö ¸µ¸Éµ¨É ¨§ ´ ¡µ·  É¨¶µ¢ ¨ ±² ¸¸µ¢, ¤µ¶Ê¸± ÕÐ¨Ì
¢¥±Éµ·´µ¥ ¶·µ£· ³³¨·µ¢ ´¨¥, ¨ ¢±²ÕÎ ¥É Ï¨·µ±¨° ¤¨ ¶ §µ´ Î¨¸²¥´´ÒÌ, ¸É -
É¨¸É¨Î¥¸±¨Ì ¨ £· Ë¨Î¥¸±¨Ì ³¥Éµ¤µ¢.

’µÎ±¨ ¤ ´´ÒÌ (Data points), ¸µ¡· ´´Ò¥ ¢ ¸¥£³¥´É ÉµÎ±¨ (Segment) ¨
´ ¡µ· ¢¸¥Ì ¸¥£³¥´Éµ¢ ´  Í¥²µ³ ¨´É¥·¢ ²¥ (SegmentsAll) ¶·¥¤¸É ¢²ÖÕÉ É·¨
£² ¢´ÒÌ µ¡Ñ¥±É  ¢ ´ Ï¥³ ³¥Éµ¤¥. �  ¨Ì µ¸´µ¢¥ ³Ò · §· ¡µÉ ²¨ µ¡Ñ¥±É´µ-
µ·¨¥´É¨·µ¢ ´´µ¥ ¶·¨²µ¦¥´¨¥ APCA ¢ MS Visual C# ¸ É·¥³Ö ±² ¸¸ ³¨/±µ³¶µ-
´¥´É ³¨: Point4, Segment, SegmentsAll. �² £µ¤ ·Ö É ±µ°  ·Ì¨-
É¥±ÉÊ·¥ ³Ò ¶µ²ÊÎ ¥³ ²¥£±¨° ¤µ¸ÉÊ¶ ± ¤ ´´µ³Ê ¸¥£³¥´ÉÊ ¨ ¨´Ëµ·³ Í¨Õ µ
´¥³. �Éµ ¸¢µ°¸É¢µ ¨£· ¥É ±²ÕÎ¥¢ÊÕ ·µ²Ó ¶·¨ ±µ³¶µ´¥´É´µ³ · ¸Ï¨·¥´¨¨,
¸¢Ö§ ´´µ³ ¸ · §¢¨É¨¥³ ¨ Ê²ÊÎÏ¥´¨¥³ APCA ¢ ¡Ê¤ÊÐ¥³. •µÉÖ LinAlg ¶µ§¢µ-
²Ö¥É ²¥£±µ µÉµ¡· ¦ ÉÓ, ·¨¸µ¢ ÉÓ ¨²¨ ¸µÌ· ´ÖÉÓ ·¥§Ê²ÓÉ ÉÒ ¨ ¤¨ £´µ¸É¨±Ê, ¤²Ö
Ê¶·µÐ¥´¨Ö ÔÉ¨Ì § ¤ Î ³Ò ¸µ§¤ ²¨ Î¥É¢¥·ÉÒ° ±² ¸¸ FormShowPlotSave.

�² ÉËµ·³  .NET ¨¸¶µ²Ó§Ê¥É ±µ´Í¥¶Í¨Õ ¶·µ¸É· ´¸É¢  ¨³¥´ ¤²Ö £·Ê¶-
¶¨·µ¢ ´¨Ö É¨¶µ¢ ¢ ²µ£¨Î¥¸±¨¥ ± É¥£µ·¨¨ ¸µ ¸¢Ö§ ´´Ò³¨ ËÊ´±Í¨µ´ ²Ó´Ò³¨
¢µ§³µ¦´µ¸ÉÖ³¨. �·¥¦¤¥ Î¥³ µ¶¨¸ ÉÓ ±² ¸¸Ò ¨ ¶¥·¥Î¨¸²¥´¨Ö ¶·µ¸É· ´¸É¢ 
¨³¥´ DikTor.APCA, ³Ò ±µ·µÉ±µ ¨§²µ¦¨³ ¶· ¢¨²  ¨¸¶µ²Ó§µ¢ ´¨Ö ±µ³¶µ´¥´-
Éµ¢ APCA.

Š· É±µ¥ ¢¢¥¤¥´¨¥ ¢ ��‘�. �¡· ¡µÉ±  ¤ ´´ÒÌ ´  µ¸´µ¢¥ ¸¶¨¸±  ¨³¥´
±µ³¶µ´¥´Éµ¢ APCA Ö¢²Ö¥É¸Ö ¶·µ¸Éµ° ¨ ³µ¦¥É ¡ÒÉÓ ·¥ ²¨§µ¢ ´  · §²¨Î´Ò³¨
¸¶µ¸µ¡ ³¨. ‚ ¸²¥¤ÊÕÐ¥³ ¶·¨³¥·¥ É·¥¡Ê¥É¸Ö ¤µ¶µ²´¨ÉÓ ¤ ´´Ò¥ Éµ²Ó±µ µ¤´¨³
±µ´±·¥É´Ò³ ¶ · ³¥É·µ³ δ:

string fullPath = @"F:\Csaba\Data\AirLines.txt"; // Ë °² ¸µ¤¥·-
¦¨É ¤ ´´Ò¥
double delta = 0.008;
SegmentsAll segS = new SegmentsAll(fullPath, delta);

� § ³Ò ¨³¥¥³ µ¡Ñ¥±É SegmentsAll, Éµ ³Ò ³µ¦¥³ µÉµ¡· §¨ÉÓ, ´ ¶¥-
Î É ÉÓ ¨²¨ ¸µÌ· ´¨ÉÓ ¥£µ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Î²¥´Ò ¨²¨ ¨¸¶µ²Ó§µ¢ ÉÓ ³¥Éµ¤Ò
ShowInWF, PlotInWF ¨ FileAppend ¢¥±Éµ·´ÒÌ ¨ ³ É·¨Î´ÒÌ µ¡Ñ¥±-
Éo¢ ¨§ ¡¨¡²¨µÉ¥±¨ LinAlg:

segS.TabAPCACoefsTit.ShowInWF(true); (¸³. ·¨¸. 3)

¨²¨ ¢Ò¤ ÉÓ ´  Ô±· ´ ¸ ¶µ³µÐÓÕ FormShowPlotSave Ëµ·³Ê µ¡Ñ¥±É :

FormShowPlotSave formSave;
formSave = new FormShowPlotSave(segS);
formSave.ShowDialog(); (¸³. ·¨¸. 4).

„²Ö ¢ÒÎ¨¸²¥´¨Ö µÍ¥´±¨ ±·¨¢µ° ¨ ·¨¸µ¢ ´¨Ö ¥¥ £· Ë¨±  ¤µ¸É ÉµÎ´µ ´ -
¶¨¸ ÉÓ:
segS.Stage2(ApcaOutType.Estimation2);
segS.YEst2.PlotInWF(segS.X, true); (¸³. ·¨¸. 5).
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�¨¸. 3. �· ¢Ò¥ ±µ´ÍÒ ¸¥£³¥´Éµ¢ ¨ Î¥ÉÒ·¥ ±µÔËË¨Í¨¥´É  ¤²Ö ¶¥·¢ÒÌ É·¥Ì ±Ê¡¨Î¥¸±¨Ì
¶µ²¨´µ³µ¢ ¨§ ´ °¤¥´´ÒÌ 48

�¨¸. 4. „¨ ²µ£ FormShowPlotSave �¨¸. 5. APCA-µÍ¥´±¨ ¶·µ¤ ¦  ¢¨ ¡¨²¥Éµ¢

�¨¦¥ ¶·¨¢µ¤¨É¸Ö ¡µ²¥¥ ¶µ¤·µ¡´µ¥ µ¶¨¸ ´¨¥ Î¥ÉÒ·¥Ì ±² ¸¸µ¢ (¢ �·¨-
²µ¦¥´¨¨ ¸µ¤¥·¦ É¸Ö ¸¨£´ ÉÊ·Ò ¤²Ö ±µ´¸É·Ê±Éµ·µ¢ ¨ ³¥Éµ¤µ¢ ±² ¸¸µ¢ Seg-
mentsAll ¨ Segment ¨ ¨Ì µ¶¨¸ ´¨¥) ¨ É·¥Ì ¶¥·¥Î¨¸²¥´¨°.

Š² ¸¸ SegmentsAll. �ÉµÉ ±² ¸¸ Ö¢²Ö¥É¸Ö µ¸´µ¢´Ò³ ¢ ¸¶¨¸±¥ ¨³¥´
APCA. �´ ¨³¥¥É Î¥ÉÒ·¥ ±µ´¸É·Ê±Éµ·  (¸³. �·¨²µ¦¥´¨¥), ±µÉµ·Ò¥ É·¥¡ÊÕÉ
¤ ´´ÒÌ ¨ ´¥±µÉµ·ÒÌ ¶ · ³¥É·µ¢, É ±¨Ì ± ± §´ Î¥´¨¥ δ. ‚ ±µ´¸É·Ê±Éµ·Ò ¢Ò
¶¥·¥¤ ¥É¥ ²¨¡µ ¨³Ö É¥±¸Éµ¢µ£µ Ë °² , ¸µ¤¥·¦ Ð¥£µ ¤ ´´Ò¥ ¢ µ¤´µ° (Y) ¨²¨
¤¢ÊÌ ±µ²µ´± Ì (X,Y), · §¤¥²¥´´ÒÌ µ£· ´¨Î¨É¥²¥³, ¨²¨ ¸ ³¨ ¢¥±Éµ·Ò X,Y.

Š ¦¤Ò° ±µ´¸É·Ê±Éµ· ¤¥²¨É ¢¥¸Ó ¨´É¥·¢ ² ´  ¸¥£³¥´ÉÒ ¨ Ëµ·³¨·Ê¥É ³ -
É·¨ÍÒ ¶ · ³¥É·µ¢ ¨ ±µÔËË¨Í¨¥´Éµ¢ APCA. (Stage1). Š ± ¢¨¤´µ ´  ¸²¥¤Ê-
ÕÐ¥³ ¶·¨³¥·¥ (private stage1) ³¥Éµ¤ , ¶µ¸²¥ Ëµ·³¨·µ¢ ´¨Ö ¸¥£³¥´É 
´¥²Ó§Ö Ê¦¥ ¢±²ÕÎ ÉÓ ¤µ¶µ²´¨É¥²Ó´ÊÕ ÉµÎ±Ê (É ± ± ± ±Ê¡¨Î¥¸±¨° ¶µ²¨´µ³
Ê¦¥ ¡Ê¤¥É ´¥¤µ¸É ÉµÎ¥´ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ±·¨¢¨§´Ò ¸¥£³¥´É ). ’µÎ±  ¤µ¡ ¢²Ö-
¥É¸Ö ¢ ArrayList, ¶µ¸²¥ Î¥£µ ´ Î¨´ ¥É¸Ö ´µ¢Ò° ¸¥£³¥´É (§ ³¥É¨³, ÎÉµ ¢
C# §  ´ ¨³¥´ÓÏ¨° ¨´¤¥±¸ ¡¥·¥É¸Ö 0,   ´¥ 1):

7



private void stage1() // ¸µ§¤ ´¨¥ ¸¥£³¥´Éµ¢:
{

int m = 3;
bool isAdded;

_segmentsArLi = new ArrayList();
Segment seg = new Segment(this, 0, _delta, 1, _rHow, _tHow);
while (m < _x.Length - 1)

{
isAdded = seg.IsAddedThisPoint(m);
if(isAdded)

m++;
else
{
seg.NewA0BCentered(); // ¶¥·¥µ¶·¥¤¥²¥´¨¥ Alpha, P0, Beta
_segmentsArLi.Add(seg);
seg = new Segment(this, seg.PB.IndexGlobal, _delta, 1,

_rHow, _tHow);
m = seg.PA.IndexGlobal + 3;
}

}
seg.NewA0BCentered(); // ¶¥·¥µ¶·¥¤¥²¥´¨¥ Alpha, P0, Beta
_segmentsArLi.Add(seg);

}

� ¶µ³´¨³, ÎÉµ ¢ÒÎ¨¸²¥´¨¥  ¶¶·µ±¸¨³ ´ÉÒ ¨ ¤¨ £´µ¸É¨±¨ ¢Ò¶µ²´Ö¥É¸Ö
´  ¢Éµ·µ³ ÔÉ ¶¥ (Stage2). —Éµ¡Ò ¤µ¡¨ÉÓ¸Ö ÔÉµ£µ, ¢Ò ¤µ²¦´Ò Ê¸É ´µ¢¨ÉÓ
ApcaOutType-¶¥·¥Î¨¸²¥´¨¥ ¨²¨ ¢ ³¥Éµ¤¥ Stage2 µ¡Ñ¥±É SegmentsAll:

segS.Stage2(ApcaOutType.All);
segS.Residuals.PlotInWF(segS.X, true);

¨²¨ ¢ ¶µ¤Ìµ¤ÖÐ¥³ ±µ´¸É·Ê±Éµ·¥ SegmentsAll. „²Ö ´ ¸É·µ°±¨ ± Î¥¸É¢ 
 ¶¶·µ±¸¨³ Í¨¨ ¢Ò ³µ¦¥É¥ É ±¦¥ Ê¸É ´µ¢¨ÉÓ µ¤´o ¨§ ¤¢ÊÌ ¶¥·¥Î¨¸²¥´¨°
ReperHow ¨ ThetaHow ¶ · ³¥É·µ¢. ReperHow § ¤ ¥É ¸¶µ¸µ¡ ¢Ò¡µ· 
¢Éµ·µ° ±µµ·¤¨´ ÉÒ ¢ É·¥Ì ·¥¶¥·´ÒÌ ÉµÎ± Ì,   ThetaHow µ¶·¥¤¥²Ö¥É ¶· -
¢¨²µ ¢ÒÎ¨¸²¥´¨Ö µÍ¥´±¨ θ:

ReperHow rHow = ReperHow.NoAver;
ThetaHow thHow = ThetaHow.Average;
segS = new SegmentsAll(fullPath, '\t', delta, rHow, thHow,
ApcaOutType.All);
segS.YEst2.ShowInWF(true);
segS.YEst2.PlotInWF(segS.X, true);

Š² ¸¸ Segment. �¸´µ¢´ Ö § ¤ Î  ±µ´¸É·Ê±Éµ·  Segment ¸µ¸Éµ¨É ¢
Ê¸É ´µ¢±¥  É·¨¡ÊÉµ¢ µ¡Ñ¥±É  Segment, É ±¨Ì ± ± É·¨ ·¥¶¥·´Ò¥ ÉµÎ±¨ PA,
PB ¨ P0 (²¥¢Ò° ¨ ¶· ¢Ò° ±µ´¥Í ¸¥£³¥´É  ¨ ÉµÎ±  x0 ¸µµÉ¢¥É¸É¢¥´´µ). �¶-
¶·µ±¸¨³ ´ÉÒ ¨ ¤¨ £´µ¸É¨±  ±µ´¸É·Ê±Éµ·µ³ ´¥ ¢ÒÎ¨¸²ÖÕÉ¸Ö.
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‘¥£³¥´É ¸µ¤¥·¦¨É ´¥ ³¥´¥¥ Î¥³ Î¥ÉÒ·¥ ÉµÎ±¨, ¨ ¥£µ £² ¢´Ò³ Î²¥´µ³
Ö¢²Ö¥É¸Ö IsAddedThisPoint. ‚ µÉ²¨Î¨¥ µÉ SegmentsAll, µ¡Ñ¥±É
Segment ¨¸¶µ²Ó§Ê¥É¸Ö ·¥¤±µ. Œ ¸¸¨¢ AllSegments ArrayList
¢ SegmentsAll ¸µ¤¥·¦¨É µ¡Ñ¥±ÉÒ Segment. ˆ¸¶µ²Ó§µ¢ ´¨¥ ±² ¸¸  Seg-
ment ¨²²Õ¸É·¨·Ê¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ ±µ¤µ¢Ò³¨ ¸É·µ± ³¨:

Segment seg;
seg = new Segment(segS, 11, delta, rHow, thHow); // ¨¸¶µ²Ó§Ê¥É¸Ö
·¥¤±µ
seg.YAOB.ShowInWF(true);
seg = (Segment)segS.AllSegments[0]; // ¢µ§¢· Ð ¥É ¶¥·¢Ò° ¸¥£³¥´É
seg.YEst2.PlotInWF(true);
for(int i=0; i<segS.Length; i++) // µÉµ¡· ¦ ¥É µÍ¥´±Ê ¤²Ö ± ¦¤µ-
£µ ¸¥£³¥´É 
{

seg = (Segment)segS.AllSegments[i];
seg.YEst2.ShowInWF(true);

}

‘É·Ê±ÉÊ·  Point4. ‘¥£³¥´É ¸µ¸Éµ¨É ¨§ Ê¶µ·Ö¤µÎ¥´´ÒÌ ÉµÎ¥±, ¶·¥¤¸É -
¢²¥´´ÒÌ ¢ ¢¨¤¥ ¸É·Ê±ÉÊ· Point4. ‚ ¤µ¶µ²´¥´¨¥ ± É ±¨³ £²µ¡ ²Ó´Ò³ ¶¥-
·¥³¥´´Ò³, ± ± GrandParent (µ¡Ñ¥±É SegmentsAll), IndexGlobal
(µÉ´¥¸¥´´ÒÌ ± Í¥²µ³Ê ¨´É¥·¢ ²Ê) ¨ IndexLocal ¶·¥¤² £ ¥É¸Ö É ±¦¥ ËÊ´±-
Í¨Ö Shift:

public Point4 Shift(int i),

±µÉµ· Ö ¢µ§¢· Ð ¥É ¸É·Ê±ÉÊ·Ê Point4 (ÉµÎ±Ê) ¸ ²¥¢µ° ¨²¨ ¶· ¢µ° ¸Éµ·µ´Ò
µÉ´µ¸¨É¥²Ó´µ ¤ ´´µ° ÉµÎ±¨, ¢ § ¢¨¸¨³µ¸É¨ µÉ Éµ£µ, Ö¢²Ö¥É¸Ö ²¨ ¨´¤¥±¸ i
µÉ·¨Í É¥²Ó´Ò³ ¨²¨ ¶µ²µ¦¨É¥²Ó´Ò³, ¸µµÉ¢¥É¸É¢¥´´µ.

„¨ ²µ£µ¢ Ö Ëµ·³  FormShowPlotSave. ‚ ¤¨ ²µ£µ¢µ° Ëµ·³¥
FormShowPlotSave ¢Ò ³µ¦¥É¥ µÉµ¡· §¨ÉÓ, · ¸¶¥Î É ÉÓ ¨²¨ ¸µÌ· ´¨ÉÓ
µÍ¥´±¨, ¢ÒÎ¨¸²¥´´Ò¥ ´  ¤ ´´µ³ ¸¥£³¥´É¥ ¨²¨ ´  Í¥²µ³ ¨´É¥·¢ ²¥ (Seg-
mentsAll),   É ±¦¥ ¶µ± § ÉÓ ¨ ¸µÌ· ´¨ÉÓ É ¡²¨ÍÒ ¶ · ³¥É·µ¢ ¨ ±µÔËË¨-
Í¨¥´Éµ¢ ¤²Ö ¢¸¥£µ ¨´É¥·¢ ² . „²Ö Éµ£µ ÎÉµ¡Ò ¨¸¶µ²Ó§µ¢ ÉÓ ÔÉµÉ ±² ¸¸, ¤µ¸É -
ÉµÎ´µ ¥£µ ¨´¨Í¨¨·µ¢ ÉÓ ¨ ¨¸¶µ²Ó§µ¢ ÉÓ ShowDialog-³¥Éµ¤ (¸³. ¶Ê´±É µ
±· É±µ³ ¢¢¥¤¥´¨¨).

�¥·¥Î¨¸²¥´¨Ö ReperHow, ThetaHow ¨ ApcaOutType. Reper-
How ¨³¥¥É ¤¢  ¶¥·¥Î¨¸²¥´¨Ö, ±µÉµ·Ò¥ µ¶·¥¤¥²ÖÕÉ, É·¥¡Ê¥É¸Ö ¨²¨ ´¥É ¶µ¤-
¸É·µ°±  ¶µ ·¥¶¥·´Ò³ µ·¤¨´ É ³: Average (¨¸¶µ²Ó§Ê¥É¸Ö ¶·¨ Ê¸·¥¤´¥´¨¨ ·¥-
¶¥·´µ° µ·¤¨´ ÉÒ ¶µ É·¥³ ¸µ¸¥¤´¨³ µ·¤¨´ É ³ ¤²Ö ¸£² ¦¨¢ ´¨Ö ÏÊ³ ) ¨
NoAver (·¥¶¥·´ Ö µ·¤¨´ É  ´¥ ³µ¤¨Ë¨Í¨·Ê¥É¸Ö).

ThetaHow ¨³¥¥É ¤¢  ¶¥·¥Î¨¸²¥´¨Ö, µ¶·¥¤¥²ÖÕÐ¨¥ ¸¶µ¸µ¡ µÍ¥´¨¢ ´¨Ö
¸¢µ¡µ¤´µ£µ ¶ · ³¥É·  θ: Average (¶µÏ £µ¢µ¥ Ê¸·¥¤´¥´¨¥ ¶ · ³¥É·  θ) ¨
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RobMon (·¥±Ê··¥´É´µ¥ ¢ÒÎ¨¸²¥´¨¥ µÍ¥´±¨ θ ´  µ¸´µ¢¥ ·¥±Ê·¸¨¢´µ£µ Œ�Š
¶µ É¨¶Ê ¶·µÍ¥¤Ê·Ò �µ¡¡¨´¸ ÄŒµ´·µ).

ApcaOutType ¨³¥¥É ¤¢  ¶¥·¥Î¨¸²¥´¨Ö, µ¶·¥¤¥²ÖÕÐ¨Ì ¢Ò¤ ÎÊ ·¥§Ê²Ó-
É É  ¢ÒÎ¨¸²¥´¨° APCA ´  ¢Éµ·µ³ ÔÉ ¶¥: All (¢ÒÎ¨¸²¥´¨¥ YEst2 ¨ ¤¨ £´µ-
¸É¨±) ¨ Estimation2 (¢ÒÎ¨¸²¥´¨¥ Éµ²Ó±µ YEst2).

3. WINDOWS-��ˆ‹�†…�ˆ…

—Éµ¡Ò ¸¤¥² ÉÓ  ´ ²¨§ ¢ APCA ¡µ²¥¥ Ê¤µ¡´Ò³, ´ ³¨ É ±¦¥ · §· ¡µÉ ´µ
Windows-¶·¨²µ¦¥´¨¥ [7]. ‚ APCA ·¥ ²¨§µ¢ ´ ´µ¢Ò° ³¥Éµ¤, ¨ Windows-
¶·¨²µ¦¥´¨¥ ¶µ§¢µ²Ö¥É ´¥ Éµ²Ó±µ ¨¸¶µ²Ó§µ¢ ÉÓ APCA ¤²Ö µ¡· ¡µÉ±¨ ·¥ ²Ó´ÒÌ
¤ ´´ÒÌ, ´µ ¨ ¢Ò¶µ²´ÖÉÓ ÉÐ É¥²Ó´µ¥ ¨Ì ¨¸¸²¥¤µ¢ ´¨¥.

‚ ÔÉµ³ · §¤¥²¥ ¤ ¥É¸Ö ±· É±µ¥ µ¶¨¸ ´¨¥ ¶µ²Ó§µ¢ É¥²Ó¸±µ£µ £· Ë¨Î¥¸±µ£µ
¨´É¥·Ë¥°¸  ÔÉµ£µ ¶·¨²µ¦¥´¨Ö, ¢ ±µÉµ·µ³ ¶µ± § ´µ, ± ± ³µ¦´µ ¶·µÎ¨É ÉÓ ¨²¨
¸£¥´¥·¨·µ¢ ÉÓ ¤ ´´Ò¥, ¢ÒÎ¨¸²¨ÉÓ µÍ¥´±¨, ¶µ¤µ¡· ÉÓ ¶ · ³¥É·Ò ¨ ¨¸¶µ²Ó§µ-
¢ ÉÓ ¤¨ £´µ¸É¨±¨ (¢ÒÎ¨¸²¥´¨¥ ¶·µ¨§¢µ¤´ÒÌ, ´¥¢Ö§±¨ ¨ É.¶.).

�  ·¨¸. 6 ¶µ± § ´ £· Ë¨Î¥¸±¨° ¨´É¥·Ë¥°¸ ¶µ²Ó§µ¢ É¥²Ö (GUI) Windows-
¶·¨²µ¦¥´¨Ö. „ ²¥¥ ³Ò µ¶¨Ï¥³ É·¨ Î ¸É¨ GUI: Data, Run APCA and Outputs.

�¨¸. 6. ƒ· Ë¨Î¥¸±¨° ¨´É¥·Ë¥°¸ ¶µ²Ó§µ¢ É¥²Ö Windows-¶·¨²µ¦¥´¨Ö

� Î´¥³ ¸ Í¥´É· ²Ó´µ° Î ¸É¨, ¸¢Ö§ ´´µ° ¸ £· Ë¨Î¥¸±¨³ ¶·¥¤¸É ¢²¥´¨¥³ ¤ ´-
´ÒÌ ¨  ¶¶·µ±¸¨³ ´É (Y,YEst2 ¨ YEst2), µ¸É É±µ¢ (R2, R1), ¶·µ¨§¢µ¤-
´ÒÌ (Der1, Der2) ¨ ¸¢µ¡µ¤´ÒÌ ¶ · ³¥É·µ¢.
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Data. ‚ TabControl ¸ ¤¢Ê³Ö TabPages ³µ¦´µ ¶·µÎ¨É ÉÓ ¤ ´´Ò¥, ¶µ¤£µÉµ-
¢²¥´´Ò¥ ¢ ¢¨¤¥ É¥±¸Éµ¢ÒÌ Ë °²µ¢, ¨²¨ ¸£¥´¥·¨·µ¢ ÉÓ ¤ ´´Ò¥ ¸  ¤¤¨É¨¢´Ò³¨
µÏ¨¡± ³¨ ¨²¨ ¡¥§ µÏ¨¡µ± (¸³. ·¨¸. 7):

�¨¸. 7. “¸É ´µ¢±¨ ¤²Ö ÎÉ¥´¨Ö ¨ £¥´¥· Í¨¨ ¤ ´´ÒÌ

1) Ë °² ¸ · ¸Ï¨·¥´¨¥³ *.txt ¤µ²¦¥´ ¸µ¤¥·¦ ÉÓ µ¤¨´ ¨²¨ ¤¢  ¸Éµ²¡Í  Y
¨²¨ X, Y ¸µµÉ¢¥É¸É¢¥´´µ (TAB delimited);

2) £¥´¥·¨·µ¢ ´¨¥ N ÉµÎ¥± µÉ A ¤µ B: H = (B-A)/N;
3) £¥´¥·¨·µ¢ ´¨¥ N ÉµÎ¥± µÉ A ¸ Ï £µ³ H;
4) ¢Ò¡µ·±  ¨§ N ÉµÎ¥± £¥´¥·¨·Ê¥É¸Ö ´  µ¸´µ¢¥ Ê± § ´´µ° ËÊ´±Í¨¨;
5) ¤µ¡ ¢²¥´¨¥ £ Ê¸¸µ¢  ÏÊ³  ± ÉµÎ± ³;
6) ¥¸²¨ §´ Î¥´¨¥ Seed µÉ¸ÊÉ¸É¢Ê¥É, Éµ£¤  ¸ ¶µ³µÐÓÕ ±² ¢¨Ï¨ Enter (¨²¨

´ ¦ É¨¥³ ±´µ¶±¨ ReCalc) £¥´¥·¨·Ê¥É¸Ö ¢Ò¡µ·±  ¸ ´µ¢Ò³¨ µÏ¨¡± ³¨ ¨ APCA
´ Ìµ¤¨É ´µ¢Ò¥ ¸¥£³¥´ÉÒ ¨  ¶¶·µ±¸¨³ ´ÉÊ;

7) µÉ´µÏ¥´¨¥ ¸¨£´ ²/ÏÊ³ (SNR). APCA ¤ ¥É Ìµ·µÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö
¤ ´´ÒÌ ¸ ´¥¡µ²ÓÏ¨³¨ µÏ¨¡± ³¨ (SNR >= 40) ¢ § ¢¨¸¨³µ¸É¨ µÉ ¸²µ¦´µ¸É¨
±·¨¢µ°;

8) ±µ·¥´Ó ±¢ ¤· É´Ò° ¨§ ¤¨¸¶¥·¸¨¨ µÏ¨¡±¨.

�¨¸. 8. � ¡µÉ  ¸ APCA

Run APCA. ‚ APCA group box ´ ¦ É¨¥³ ±´µ¶±¨
Run § ¶Ê¸± ÕÉ¸Ö ¢ · ¡µÉÊ µ¡¥ ¸É ¤¨¨ (Stage1 ¨ Stage2)
¸ Ê¸É ´µ¢²¥´´Ò³¨ ¶ · ³¥É· ³¨ (·¨¸. 8):

1) δ Ö¢²Ö¥É¸Ö µ¸´µ¢´Ò³ ´ ¸É·µ¥Î´Ò³ ¶ · ³¥É·µ³
¢ APCA. —¥³ ³¥´ÓÏ¥ δ, É¥³ ¢ÒÏ¥ ÉµÎ´µ¸ÉÓ  ¶¶·µ±¸¨-
³ Í¨¨ ¨ ±µ·µÎ¥ ¸¥£³¥´ÉÒ. „²Ö ¡ó²ÓÏ¨Ì µÏ¨¡µ± ¨¸-
¶µ²Ó§ÊÕÉ¸Ö ¡ó²ÓÏ¨¥ §´ Î¥´¨Ö δ (ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ ¡µ²¥¥
¤²¨´´Ò¥ ¸¥£³¥´ÉÒ);

2) Ê¸·¥¤´¥´¨¥ ·¥¶¥·´ÒÌ µ·¤¨´ É ¶µ É·¥³ ¸µ¸¥¤-
´¨³ ÉµÎ± ³ (²µ± ²Ó´µ¥ ¸£² ¦¨¢ ´¨¥ ¤²Ö § ÏÊ³²¥´´ÒÌ
¤ ´´ÒÌ);

3) ¶µ¸²¥¤µ¢ É¥²Ó´µ¥ Ê¸·¥¤´¥´¨¥ ¸¢µ¡µ¤´µ£µ ¶ · -
³¥É·  θ (·¥±Ê··¥´É´µ¥ ¢ÒÎ¨¸²¥´¨¥ µÍ¥´±¨ θ ´  µ¸´µ¢¥
·¥±Ê·¸¨¢´µ£µ Œ�Š ¶µ É¨¶Ê ¶·µÍ¥¤Ê·Ò �µ¡¡¨´¸ Ä
Œµ´·µ);

4) ¶µ¢Éµ·´µ¥ ¢ÒÎ¨¸²¥´¨¥ APCA ¶·¨ Ê¸É ´µ¢±¥ ´µ¢µ£µ §´ Î¥´¨Ö
¶ · ³¥É·  δ;
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5) ¨§³¥´¥´¨¥ ¤·Ê£¨Ì Ê¸É ´µ¢µ± ¶·¨ £¥´¥·¨·µ¢ ´¨¨ ¤ ´´ÒÌ (µÉ±·Ò¢ ¥É
´µ¢µ¥ µ±´µ);

6) ¶¥·¥§ £·Ê§±  ¶·¨²µ¦¥´¨Ö;
7) ¸µÌ· ´¥´¨¥ ¶ · ³¥É·µ¢ ¸¥£³¥´É  ¨²¨ ¸¥£³¥´Éµ¢ ¨ ¢Ò¢µ¤ £· Ë¨±   ¶-

¶·µ±¸¨³ ´É (µÉ±·Ò¢ ¥É µ¶¨¸ ´´ÊÕ ¢ÒÏ¥ ¤¨ ²µ£µ¢ÊÕ Ëµ·³Ê FormShowPlot-
Save).

Outputs. ‚ £·Ê¶¶Ê Outputs (·¨¸. 9) ¢±²ÕÎ¥´Ò µ¶Í¨¨ ¤²Ö ¢Ò¤ Î¨ £· Ë¨±µ¢
µÍ¥´µ± ¨ · §²¨Î´ÒÌ ¤¨ £´µ¸É¨±:

�¨¸. 9. APCA-µÍ¥´±¨ ¨ ¤¨ £´µ¸É¨±¨

1) ¢Ò¢µ¤ £· Ë¨±µ¢ §´ Î¥´¨° µÍ¥´µ± θ̂m ¤²Ö É¥±ÊÐ¥° Î¥É¢¥·±¨ ÉµÎ¥± ¨
Ê¸·¥¤´¥´´µ° ´  ¢¸¥³ ¸¥£³¥´É¥ µÍ¥´±¨ θ̂k;

2) ¢Ò¤ Î  £· Ë¨±µ¢ ¶¥·¢µ° ¨ ¢Éµ·µ° ¶·µ¨§¢µ¤´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¶µ YEst2;
3) £· Ë¨± µ¸É É±µ¢ R1=Y-Est1. „²Ö ¢Ò¤ Î¨ £· Ë¨±  R2=Y-Est2

´ ¤µ ¢Ò¡· ÉÓ Lines ´  ¶ ´¥²¨ Results;
4) £· Ë¨± µÍ¥´±¨ YEst1, ¶µ²ÊÎ¥´´µ° ¶µ Î¥ÉÒ·¥³ ÉµÎ± ³ (²µ± ²Ó´ Ö

µÍ¥´± );
5) µÉµ¡· ¦¥´¨¥ ¶ ´¥²¨ ¤¨ £´µ¸É¨±¨ (Diagnostics);
6) Ê¸É ´µ¢±  · §³¥·  ÉµÎ±¨ ´  £· Ë¨± Ì;
7) ¸µ¥¤¨´¥´¨¥ ÉµÎ¥± (Y) ´  £· Ë¨± Ì ¶·Ö³Ò³¨ µÉ·¥§± ³¨;
8) ¨´¤¨± Í¨Ö µ¡´ ·Ê¦¥´´ÒÌ Ê§²µ¢ (±µ´Í¥¢Ò¥ ÉµÎ±¨ ¸¥£³¥´Éµ¢) ¢¥·É¨± -

²Ö³¨;
9) µÉµ¡· ¦¥´¨¥ Î¨¸²  µ¡´ ·Ê¦¥´´ÒÌ ±Ê¡¨Î¥¸±¨Ì ¸¥£³¥´Éµ¢;
10) £· Ë¨± ±Ê¸µÎ´µ-±Ê¡¨Î¥¸±µ°  ¶¶·µ±¸¨³ ´ÉÒ YEst2 (£²µ¡ ²Ó´ Ö

µÍ¥´± );
11) ¸µ¥¤¨´¥´¨¥ ÉµÎ¥± ´  £· Ë¨±¥ YEst2 ±Ê¡¨Î¥¸±¨³¨ ¤Ê£ ³¨ ¨²¨ µÉ·¥§-

± ³¨.

4. ��ˆŒ…�› ����’› WINDOWS-��ˆ‹�†…�ˆŸ APCA

‚ ¶·¥¤Ò¤ÊÐ¨Ì · §¤¥² Ì ³Ò ¨§²µ¦¨²¨ ´µ¢Ò°  ²£µ·¨É³ ¤²Ö ±Ê¸µÎ´µ-±Ê¡¨-
Î¥¸±µ£µ ¶·¨¡²¨¦¥´¨Ö µ¤´µ³¥·´ÒÌ ¤¥°¸É¢¨É¥²Ó´ÒÌ ËÊ´±Í¨° ´  ¶·µ³¥¦ÊÉ±¥ ¨
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¥£µ ·¥ ²¨§ Í¨Õ ¢ ¢¨¤¥ µ¡Ñ¥±É´µ-µ·¨¥´É¨·µ¢ ´´µ£µ ¶·¨²µ¦¥´¨Ö. �¤´ ±µ ´ ¨-
¡µ²ÓÏ¨° ¨´É¥·¥¸ ¢Ò§Ò¢ ÕÉ ·¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ ¥³Ò¥ ¶·¥¤²µ¦¥´´Ò³ ³¥Éµ¤µ³.

‚ ÔÉµ³ · §¤¥²¥ ¶·¨¢¥¤¥´Ò ¶·¨³¥·Ò, ¨²²Õ¸É·¨·ÊÕÐ¨¥ · ¡µÉÊ APCA. � -
·Ö¤Ê ¸ ¶µ²ÊÎ¥´´Ò³¨  ¶¶·µ±¸¨³ ´É ³¨ ³Ò É ±¦¥ ¶·¨¢µ¤¨³ ´¥±µÉµ·Ò¥ Ì · ±-
É¥·¨¸É¨±¨, É ±¨¥ ± ± µ¸É É±¨ (´¥¢Ö§±¨), µÍ¥´±¨ ¶¥·¢µ° ¨ ¢Éµ·µ° ¶·µ¨§¢µ¤´ÒÌ
£²µ¡ ²Ó´µ°  ¶¶·µ±¸¨³ ´ÉÒ,   É ±¦¥ ¶µ¢¥¤¥´¨¥ µÍ¥´±¨ ¸¢µ¡µ¤´µ£µ ¶ · ³¥É· 
θ, ¨£· ÕÐ¥£µ ±²ÕÎ¥¢ÊÕ ·µ²Ó ¢ ¶·¥¤²µ¦¥´´µ³ ³¥Éµ¤¥. ‡´ Î¥´¨Ö δ ¨ Î¨¸²µ
µ¡´ ·Ê¦¥´´ÒÌ ¸¥£³¥´Éµ¢ ¶µ± § ´Ò ¢ ¢¥·Ì´¥° Î ¸É¨ ·¨¸Ê´±µ¢.

�¥·¢Ò° ¨§ É·¥Ì ¶·¨³¥·µ¢ Ö¢²Ö¥É¸Ö ¶·µ¸ÉÒ³, µ¤´ ±µ µ´ ¤¥³µ´¸É·¨·Ê¥É
± Î¥¸É¢¥´´Ò¥ Ì · ±É¥·¨¸É¨±¨ APCA. �  ·¨¸. 10 ¶µ± § ´Ò £· Ë¨±¨ ËÊ´±Í¨¨
cos x (ÉµÎ±¨) ¨ ¥¥ APCA-µÍ¥´±  YEst2 (¸¶²µÏ´ Ö ²¨´¨Ö) ´  § ¤ ´´µ³ ¨´-
É¥·¢ ²¥ ¶·¨ δ = 0,005,   É ±¦¥ · §¡¨¥´¨¥ ±·¨¢µ° ´  ±Ê¸µÎ´µ-±Ê¡¨Î¥¸±¨¥
¸¥£³¥´ÉÒ (¢¥·É¨± ²¨). �¨¸. 11 ¨²²Õ¸É·¨·Ê¥É µÉ±²µ´¥´¨Ö ²µ± ²Ó´µ° µÍ¥´±¨
YEst1 (¦¨·´ Ö ²¨´¨Ö) ¨ YEst2. ‡ ³¥É¨³, ÎÉµ, ± ± ¨ ¸²¥¤µ¢ ²µ µ¦¨¤ ÉÓ, ¨´-
É¥£· ²Ó´Ò¥ ÉµÎ¥Î´Ò¥ µÍ¥´±¨ ´¥³´µ£µ ¡µ²ÓÏ¥ ²µ± ²Ó´ÒÌ. �  ·¨¸. 12 ¢¨¤´µ,
ÎÉµ ÌµÉÖ ¶¥·¢ Ö ¶·µ¨§¢µ¤´ Ö ¢Ò£²Ö¤¨É ¶µÎÉ¨ £² ¤±µ°, ¶µ¢¥¤¥´¨¥ ¢Éµ·µ° ¶·µ-
¨§¢µ¤´µ° (Éµ²¸É Ö ²¨´¨Ö) ¢ ÉµÎ± Ì ¸ÉÒ±µ¢±¨ ¢Ò£²Ö¤¨É ÌÊ¦¥. �¨¸. 13 ¤¥³µ´-
¸É·¨·Ê¥É ¨§³¥´¥´¨¥ ¢ ± ¦¤µ° ÉµÎ±¥ ThetaM θ̂k

m ¨ ´  ± ¦¤µ³ ¸¥£³¥´É¥
ThetaAverage θ̄k.

�¨¸. 10. Šµ¸¨´Ê¸ ¨ ¥£µ ±Ê¸µÎ´µ-
±Ê¡¨Î¥¸± Ö  ¶¶·µ±¸¨³ ´É 

�¨¸. 11. �¸É É±¨ ¤²Ö ²µ± ²Ó´µ° ¨ £²µ-
¡ ²Ó´µ°  ¶¶·µ±¸¨³ ´É

�¨¸. 12. �¥·¢ Ö ¨ ¢Éµ· Ö ¶·µ¨§¢µ¤´Ò¥ �¨¸. 13. �Í¥´±¨ ¸¢µ¡µ¤´µ£µ ¶ · ³¥É·  θ

„ ´´Ò¥ ¢Éµ·µ£µ ¶·¨³¥·  ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¶·¨ Î¨¸²¥´´µ³ ³µ¤¥²¨·µ¢ ´¨¨
É¥¶²µ¥³±µ¸É¨ Ô²¥±É·µ´µ¢ (ETC) ¤²Ö ³µ²¥±Ê²Ò D- Í¥Éµ´  [1], ¨ µ´¨ ¶· ±É¨-
Î¥¸±¨ ´¥ ¸µ¤¥·¦ É ¡µ²ÓÏ¨Ì µÏ¨¡µ±. �  ·¨¸. 14 ¶µ± § ´Ò £· Ë¨±¨ ¤ ´´ÒÌ ¨
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�¨¸. 14. ETC ¨ ¨Ì  ¶¶·µ±¸¨³ Í¨Ö

�¨¸. 15. ‹µ± ²Ó´Ò¥ ¨ ¨´É¥·¢ ²Ó´Ò¥
µ¸É É±¨

�¨¸. 16. �Í¥´±¨ ¶¥·¢µ° ¨ ¢Éµ·µ° ¶·µ¨§-
¢µ¤´ÒÌ

�¨¸. 17. ETC- ¶¶·µ±¸¨³ ´É  ¤²Ö δ = 0,05

¨Ì APCA  ¶¶·µ±¸¨³ Í¨¨, ´  ·¨¸. 15 Å ´¥¢Ö§±¨,   ´  ·¨¸. 16 Å µÍ¥´±¨ ¶·µ-
¨§¢µ¤´ÒÌ. Š Î¥¸É¢µ  ¢Éµ³ É¨Î¥¸±¨ µ¡´ ·Ê¦¥´´ÒÌ 25  ¶¶·µ±¸¨³ ´É ¸µµÉ¢¥É-
¸É¢Ê¥É ¢Ò¡µ·Ê §´ Î¥´¨Ö ¶ · ³¥É·  (δ = 0,005) ¨ ¢¶µ²´¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥.
‚ ²¥¢µ° Î ¸É¨, £¤¥ £· Ë¨± ¡µ²¥¥ ¤¨´ ³¨Î¥´, ¶µ¤Ò´É¥·¢ ²Ò µ± § ²¨¸Ó ¡µ²¥¥
±µ·µÉ±¨¥. —Éµ¡Ò ¶·µ¨²²Õ¸É·¨·µ¢ ÉÓ ·µ²Ó ¶ · ³¥É·   ¶¶·µ±¸¨³ Í¨¨ δ, ´ 
·¨¸. 17 ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ · ¡µÉÒ APCA ¤²Ö δ = 0,05. ŒÒ ¢¨¤¨³, ÎÉµ
Ê¢¥²¨Î¥´¨¥ δ ¢ 10 · § ¶µÎÉ¨ ¢¤¢µ¥ Ê³¥´ÓÏ¨²µ Î¨¸²µ ¸¥£³¥´Éµ¢ (14), µ¤´ ±µ
± Î¥¸É¢µ  ¶¶·µ±¸¨³ Í¨¨ É ±¦¥ ÊÌÊ¤Ï¨²µ¸Ó.
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�¨¸. 18. �¶¶·µ±¸¨³ Í¨Ö ¤ ´´ÒÌ ¸ µ¸Í¨²²µ£· Ë  (1250 ÉµÎ¥±)

�¨¸. 19. ŠÊ¸µÎ´µ-±Ê¡¨Î¥¸± Ö  ¶¶·µ±¸¨³ ´É  ¤²Ö ¤ ´´ÒÌ ¸ µ¸Í¨²²µ£· Ë  ¨ £¨¸Éµ-
£· ³³  µ¸É É±µ¢ (´  µ¸´µ¢¥ ± ¦¤µ° 17-° ÉµÎ±¨)

�µ¸²¥¤´¨° ¶·¨³¥· (·¨¸. 18, 19) ¶µ± §Ò¢ ¥É ·¥§Ê²ÓÉ ÉÒ  ¶¶·µ±¸¨³ Í¨¨ ¢
·¥¦¨³¥ ¸²¥¦¥´¨Ö ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ·¥ ²Ó´ÒÌ ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¸ Í¨Ë·µ-
¢µ£µ µ¸Í¨²²µ£· Ë . ‚ µÉ²¨Î¨¥ µÉ ¶·¥¤Ò¤ÊÐ¨Ì ¶·¨³¥·µ¢, ÔÉ¨ ¤ ´´Ò¥ ¸²¥£± 
§ ÏÊ³²¥´Ò, ¶µÔÉµ³Ê §´ Î¥´¨Ö ¢ ·¥¶¥·´ÒÌ ÉµÎ± Ì Ê¸·¥¤´¥´Ò ¶µ É·¥³ ¡²¨-
¦ °Ï¨³ ÉµÎ± ³,   µÍ¥´±  ThetaAverage ¢ÒÎ¨¸²Ö² ¸Ó ¶µ ¶·µÍ¥¤Ê·¥ É¨¶ 
�µ¡¡¨´¸ ÄŒµ´·µ. �¨¸. 19 ¶µ± §Ò¢ ¥É  ¶¶·µ±¸¨³ ´ÉÒ, (µ¶Í¨Ö Cubics), ¢ÒÎ¨-
¸²¥´´Ò¥ ´  µ¸´µ¢¥ ± ¦¤µ£µ 17-£µ ¨§³¥·¥´¨Ö (¢ µ¡µ¨Ì ¸²ÊÎ ÖÌ δ = 0,01).
•µÉÖ ± Î¥¸É¢µ ¶·¨¡²¨¦¥´¨Ö ¸ÊÐ¥¸É¢¥´´µ ´¥ ¨§³¥´¨²µ¸Ó, Î¨¸²µ ¸¥£³¥´Éµ¢
¸ÊÐ¥¸É¢¥´´µ Ê³¥´ÓÏ¨²µ¸Ó (¸ 216 ¤µ 15).

‡�Š‹	—…�ˆ…

‘Ëµ·³Ê²¨·Ê¥³ µ¸´µ¢´Ò¥ ¢Ò¢µ¤Ò ¨§ ¶·¨¢¥¤¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢:
Å ¶µ²ÊÎ¥´  ¶·¨¥³²¥³ Ö £² ¤±µ¸ÉÓ µÍ¥´±¨ ¶¥·¢µ° ¶·µ¨§¢µ¤´µ° ¤²Ö É ¡Ê-

²¨·µ¢ ´´µ° ËÊ´±Í¨¨, ¶·¥¤¸É ¢²¥´´µ° ¤ ´´Ò³¨ ¸ ³ ²Ò³¨ µÏ¨¡± ³¨;
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Å ³¥´ÓÏ¥¥ §´ Î¥´¨¥ ¶ · ³¥É·  δ ¤ ¥É ¡µ²ÓÏ¥ Î¨¸²µ ¸¥£³¥´Éµ¢ ¨ Ê²ÊÎ-
Ï ¥É ÉµÎ´µ¸ÉÓ  ¶¶·µ±¸¨³ Í¨¨;

Å ¤²Ö ¤ ´´ÒÌ ¸ ÏÊ³µ³ Ê¢¥²¨Î¥´¨¥ §´ Î¥´¨Ö δ Í¥²¥¸µµ¡· §´µ;
Å Í¥²Ó ¸µ¸Éµ¨É ¢ ¶µ¤¡µ·¥ É ±µ£µ §´ Î¥´¨Ö δ, ±µÉµ·µ¥ µ¡¥¸¶¥Î¨É ¦¥² ¥-

³µ¥ ± Î¥¸É¢µ  ¶¶·µ±¸¨³ Í¨¨ ¨ ¶·¨¥³²¥³µ¥ Î¨¸²µ ¸¥£³¥´Éµ¢.
–¥²Ó  ¢Éµ·µ¢ ¸µ¸ÉµÖ²  ¢ ·¥ ²¨§ Í¨¨  ²£µ·¨É³µ¢ ´¥¤ ¢´µ ¶·¥¤²µ¦¥´-

´µ£µ ³¥Éµ¤  ±Ê¸µÎ´µ-±Ê¡¨Î¥¸±µ°  ¶¶·µ±¸¨³ Í¨¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ´µ¢µ£µ
µ¡Ñ¥±É´µ-µ·¨¥´É¨·µ¢ ´´µ£µ Ö§Ò±  MS Visual C#. Šµ³¶µ´¥´ÉÒ ¡¨¡²¨µÉ¥±¨
¶µ§¢µ²ÖÕÉ · §· ¡ ÉÒ¢ ÉÓ Windows-¶·¨²µ¦¥´¨Ö ¨ ¸µ§¤ ¢ ÉÓ ±µ´¸É·Ê±Í¨¨
APCA- ¶¶·µ±¸¨³ ´ÉÒ ¡¥§ µ¸µ¡ÒÌ Ê¸¨²¨°. „ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ÔÉ¨Ì · ¡µÉ
¶·¥¤¶µ² £ ¥É¸Ö ¢¥¸É¨ ¢ ´ ¶· ¢²¥´¨¨  ¶¶·µ±¸¨³ Í¨¨ ¶µ¢¥·Ì´µ¸É¥° ¨ µ¡· -
¡µÉ±¨ ¨§µ¡· ¦¥´¨°.

��ˆ‹�†…�ˆ…

‚ �·¨²µ¦¥´¨¨ ³Ò ¶·¨¢µ¤¨³ ·¥§Õ³¥ ¤²Ö ±² ¸¸µ¢ SegmentsAll ¨
Segment, ¸¶¨¸µ± ¨³¥´, ¸¨£´ ÉÊ·Ò ±µ´¸É·Ê±Éµ·µ¢ ¨ ³¥Éµ¤µ¢.

Š² ¸¸ SegmentsAll
SegmentsAll Å µ¸´µ¢´µ° ±² ¸¸ APCA. �´ ¨³¥¥É Î¥ÉÒ·¥ ±µ´¸É·Ê±-

Éµ· .

Šµ´¸É·Ê±Éµ·Ò:

• public SegmentsAll(string fullPath, double del-
ta) Å · §¤¥²Ö¥É ¢¥¸Ó ¨´É¥·¢ ² ´  ¸¥£³¥´ÉÒ, µ¸´µ¢ ´´Ò¥ ´  ÎÉ¥´¨¨
¢¥±Éµ· (µ¢) Y, (X,Y) ¤ ´´ÒÌ ¨§ É¥±¸Éµ¢µ£µ Ë °²  ¨ §´ Î¥´¨Ö ¶ · -
³¥É· ,   É ±¦¥ ¢ÒÎ¨¸²Ö¥É APCA ¶ · ³¥É·Ò ¨ ±µÔËË¨Í¨¥´ÉÒ (Stage1);
¨¸¶µ²Ó§Ê¥É ReperHow.NoAver, ThetaHow.Average.

• public SegmentsAll(string fullPath, char delimi-
ter, double delta, ReperHow rHow, ThetaHow thHow,
ApcaOutType outType) Å · §¤¥²Ö¥É ¢¥¸Ó ¨´É¥·¢ ² ´  ¸¥£³¥´ÉÒ,
µ¸´µ¢ ´´Ò¥ ´  ÎÉ¥´¨¨ ¢¥±Éµ· (µ¢) Y, (X,Y) ¤ ´´ÒÌ ¨§ É¥±¸Éµ¢µ£µ
Ë °²  ¨ §´ Î¥´¨Ö ¶ · ³¥É· ,   É ±¦¥ ¢ÒÎ¨¸²Ö¥É APCA-¶ · ³¥É·Ò ¨
±µÔËË¨Í¨¥´ÉÒ (Stage1); ¶µ¸²¥¤´¨° ¶ · ³¥É· µ¶·¥¤¥²Ö¥É Éµ, ÎÉµ ¢ÒÎ¨-
¸²¥´µ ´  ¢Éµ·µ³ ÔÉ ¶¥ (µÍ¥´±¨ ¨/¨²¨ ¤¨ £´µ¸É¨±¨).

• public SegmentsAll(VectorD y, VectorD x, double
delta) Å · §¤¥²Ö¥É ¢¥¸Ó ¨´É¥·¢ ² ´  ¸¥£³¥´ÉÒ, µ¸´µ¢ ´´Ò¥ ´  ¢¥±Éµ-
· Ì ¨ ¶ · ³¥É· Ì ¨ µ¡¥¸¶¥Î¨¢ ¥É ¢ÒÎ¨¸²¥´¨Ö ¶ · ³¥É·µ¢ ¨ ±µÔËË¨Í¨-
¥´Éµ¢ (stage1); ¨¸¶µ²Ó§Ê¥É ReperHow.NoAver, ThetaHow.Ave-
rage.
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• public SegmentsAll(VectorD y, VectorD x, double
delta, ReperHow rHow, ThetaHow thHow, ApcaOutType
outType) Å · §¤¥²Ö¥É ¢¥¸Ó ¨´É¥·¢ ² ´  ¸¥£³¥´ÉÒ, µ¸´µ¢ ´´Ò¥ ´ 
¢¥±Éµ· Ì ¨ ¶ · ³¥É· Ì ¨ µ¡¥¸¶¥Î¨¢ ¥É ¢ÒÎ¨¸²¥´¨Ö ¶ · ³¥É·µ¢ ¨ ±µÔË-
Ë¨Í¨¥´Éµ¢ (Stage1); ¶µ¸²¥¤´¨° ¶ · ³¥É· µ¶·¥¤¥²Ö¥É, ÎÉµ ¢ÒÎ¨¸²Ö¥É¸Ö
´  ¢Éµ·µ³ ÔÉ ¶¥ (Stage2) (µÍ¥´±¨ ¨/¨²¨ ¤¨ £´µ¸É¨±a).

�É±·ÒÉÒ¥ Î²¥´Ò
”Ê´±Í¨¨:

• LinAlg.VectorD Approx_TabApcaParams(LinAlg.Vec-
torD X) Å ¢ÒÎ¨¸²Ö¥É ±Ê¡¨Î¥¸±ÊÕ  ¶¶·µ±¸¨³ ´ÉÊ ¤²Ö ¢¸¥£µ ¢¥±Éµ· 
X ´  µ¸´µ¢¥ TabApcaParams.

• double Approx_TabApcaParams(double x, LinAlg.Mat-
rixD a) Å ¢ÒÎ¨¸²Ö¥É ±Ê¡¨Î¥¸±ÊÕ  ¶¶·µ±¸¨³ ´ÉÊ ¤²Ö §´ Î¥´¨Ö x
´  µ¸´µ¢¥ ¤ ´´µ£µ a (=TabApcaParams).

• double Approx_TabApcaParams(double x) Å ¢ÒÎ¨¸²Ö¥É ±Ê-
¡¨Î¥¸±ÊÕ  ¶¶·µ±¸¨³ ´ÉÊ ¤²Ö §´ Î¥´¨Ö x ´  µ¸´µ¢¥ TabApcaParams.
�É  ËÊ´±Í¨Ö ´¥ÔËË¥±É¨¢´  ¶·¨ ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ ¢Ò§µ¢ Ì, £¤¥ ²ÊÎÏ¥
¨¸¶µ²Ó§µ¢ ÉÓ Approx_TabApcaParams(VectorD X).

• LinAlg.VectorD Approx_TabCubApprCoefs(LinAlg.
VectorD X) Å ¢ÒÎ¨¸²Ö¥É ±Ê¡¨Î¥¸±ÊÕ  ¶¶·µ±¸¨³ ´ÉÊ ¤²Ö Í¥²µ£µ
¢¥±Éµ·  X ´  µ¸´µ¢¥ TabAPCACoefs.

• double Approx_TabCubApprCoefs(double x, LinAlg.
MatrixD a) Å ¢ÒÎ¨¸²Ö¥É ±Ê¡¨Î¥¸±ÊÕ  ¶¶·µ±¸¨³ ´ÉÊ ¤²Ö §´ Î¥´¨Ö
x ´  µ¸´µ¢¥ ¤ ´´µ£µ a (= TabAPCACoefs).

• double Approx_TabCubApprCoefs(double x) Å ¢ÒÎ¨-
¸²Ö¥É ±Ê¡¨Î¥¸±ÊÕ  ¶¶·µ±¸¨³ ´ÉÊ ¤²Ö §´ Î¥´¨Ö x ´  µ¸´µ¢¥
TabAPCACoefs. �É  ËÊ´±Í¨Ö ´¥ÔËË¥±É¨¢´  ¶·¨ ¶µ¸²¥¤µ¢ É¥²Ó-
´ÒÌ ¢Ò§µ¢ Ì, £¤¥ ²ÊÎÏ¥ ¨¸¶µ²Ó§µ¢ ÉÓ Approx_TabCubApprCoefs
(VectorD X).

• public void Stage2(ApcaOutType outType) Å ¢ÒÎ¨-
¸²Ö¥É EstY2 ¨²¨ EstY2 ¨ ´¥µ¡Ìµ¤¨³Ò¥ ¶·µ¨§¢µ¤´Ò¥, ¥¸²¨
ApcaOutType · ¢´µ Estimation2 ¨²¨ All ¸µµÉ¢¥É¸É¢¥´´µ.

‘¢µ°¸É¢ 

• System.Collections.ArrayList AllSegments Å ¢µ§¢· -
Ð ¥É ¸¥£³¥´ÉÒ ¢ ¢¨¤¥ ³ ¸¸¨¢  ArrayList.
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• int Count Å ¢µ§¢· Ð ¥É Î¨¸²µ ¢¸¥Ì ´ °¤¥´´ÒÌ ¸¥£³¥´Éµ¢ (¸³. É ±¦¥
Length).

• LinAlg.VectorD EstD1Y Å ¢µ§¢· Ð ¥É µÍ¥´±Ê ¶¥·¢µ° ¶·µ¨§¢µ¤-
´µ° ¤²Ö y.

• LinAlg.VectorD EstD2Y Å ¢µ§¢· Ð ¥É µÍ¥´±Ê ¢Éµ·µ° ¶·µ¨§¢µ¤-
´µ° ¤²Ö y.

• int[] IndsAlpha Å ¢µ§¢· Ð ¥É ¨´¤¥±¸ ²¥¢µ£µ ±µ´Í  (¤²Ö ¢¸¥Ì
¸¥£³¥´Éµ¢).

• int[] IndsBeta Å ¢µ§¢· Ð ¥É ¨´¤¥±¸ ¶· ¢µ£µ ±µ´Í  (¤²Ö ¢¸¥Ì
¸¥£³¥´Éµ¢).

• int Length Å ¢µ§¢· Ð ¥É Î¨¸²µ ¢¸¥Ì ÉµÎ¥± (¸³. É ±¦¥ Count).

• LinAlg.VectorD Residuals1 Å ¢µ§¢· Ð ¥É µ¸É É±¨ ²µ± ²Ó´µ°
µÍ¥´±¨ Y:R1=Y-YEst1 (Stage2).

• LinAlg.VectorD Residuals2 Å ¢µ§¢· Ð ¥É µ¸É É±¨ ²µ± ²Ó´µ°
(¢Éµ·µ°) µÍ¥´±¨ Y, ¢ÒÎ¨¸²¥´´µ° ´  µ¸´µ¢¥ Approx_TabApca-
Params: R2=Y-YEst2 (Stage2).

• LinAlg.MatrixD TabAPCACoefs Å ¢µ§¢· Ð ¥É ¤²Ö ± ¦¤µ£µ ¸¥£-
³¥´É  (= ¸É·µ± ): xb ¨ ®±Ê¡¨Î¥¸±¨¥¯ ±µÔËË¨Í¨¥´ÉÒ c0, c1, c2, c3 (=
¸Éµ²¡ÍÒ).

• LinAlg.MatrixS TabAPCACoefsTit Å TabAPCACoefs ¸µ
¸É·µ±µ° § £µ²µ¢± .

• LinAlg.MatrixD TabApcaParams Å ¢µ§¢· Ð ¥É ¤²Ö ± ¦¤µ£µ
¸¥£³¥´É  (= ¸É·µ± ): xa, x0, xb, ya, y0, yb, theta (= ¸Éµ²¡ÍÒ). ‚
¶µ¸²¥¤´¥³ ¸¥£³¥´É¥ xa ´¥ ¶µ¤¸É·µ¥´ ( xa ³µ¦¥É ¡ÒÉÓ ³¥´ÓÏ¥ ¶·¥¤¶µ-
¸²¥¤´¥£µ xb).

• LinAlg.MatrixS TabApcaParamsTit Å TabApcaParams ¸µ
¸É·µ±µ° § £µ²µ¢± .

• LinAlg.VectorD ThetaAvarage Å ¢µ§¢· Ð ¥É ·¥±Ê·¸¨¢´ÊÕ
µÍ¥´±Ê θ̄k (µ¸´µ¢´µ° ¶ · ³¥É·) ¤²Ö ± ¦¤µ£µ ¸¥£³¥´É  (µ´¨ § É¥³ ±µ·-
·¥±É¨·ÊÕÉ¸Ö ´  ¢Éµ·µ³ ÔÉ ¶¥).

• LinAlg.VectorD ThetaM Å ¢µ§¢· Ð ¥É µÍ¥´±Ê θ̂k
m ¤²Ö ± ¦¤µ°

ÉµÎ±¨.
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• int ThisNbOfPointsWasNeeded Å ¢ ¶µ¸²¥¤´¥³ ¸¥£³¥´É¥ µ¤´ 
¨²¨ ¤¢¥ ÉµÎ±¨ ³µ£ÊÉ ¡ÒÉÓ § ¨³¸É¢µ¢ ´Ò (¶·¨ ´¥µ¡Ìµ¤¨³µ¸É¨) ¨§ ¶·¥¤-
¶µ¸²¥¤´¥£µ ¸¥£³¥´É , ¶µ¸²¥ Î¥£µ ¶¥·¢ Ö ±µµ·¤¨´ É  ¶µ¸²¥¤´¥£µ ¸¥£³¥´É 
¡Ê¤¥É ³¥´ÓÏ¥ Î¥³ ¶¥·¢ Ö ±µµ·¤¨´ É  ¶·¥¤Ò¤ÊÐ¥£µ.

• LinAlg.VectorD X Å ¢µ§¢· Ð ¥É ¶¥·¢ÊÕ ±µµ·¤¨´ ÉÊ ¨§ ¢Ìµ¤´µ£µ
³ ¸¸¨¢ .

• LinAlg.MatrixD XYEst12 Å ¢µ§¢· Ð ¥É ¶¥·¢ÊÕ ¨ ¢Éµ·ÊÕ ±µµ·-
¤¨´ ÉÒ Y, YEst1 ¨ YEst2.

• LinAlg.VectorD Y Å ¢µ§¢· Ð ¥É ¢Éµ·ÊÕ ±µµ·¤¨´ ÉÊ ÉµÎ¥± ¨§
¢Ìµ¤´µ£µ ³ ¸¸¨¢ .

• LinAlg.VectorD YEst1 Å ¢µ§¢· Ð ¥É ²µ± ²Ó´Ò¥ µÍ¥´±¨ Y
(Stage1).

• LinAlg.VectorD YEst2 Å ¢µ§¢· Ð ¥É ²µ± ²Ó´Ò¥ µÍ¥´±¨ Y
(Stage2).

Š² ¸¸ Segment
Š² ¸¸ Segment ¨³¥¥É Éµ²Ó±µ µ¤¨´ ±µ´¸É·Ê±Éµ·.

• public Segment(SegmentsAll parent, int ia, double
delta, ReperHow rHow, ThetaHow thHow) Å Ê¸É ´ ¢²¨¢ ¥É
·¥¶¥·´Ò¥ ÉµÎ±¨ PA, PB, P0 ¨ ¤·Ê£¨¥  É·¨¡ÊÉÒ ¸¥£³¥´É , É ±¨¥ ± ±
Alpha, Beta, Parent ¨ how ¶ · ³¥É·Ò.

�É±·ÒÉÒ¥ Î²¥´Ò

Œ¥Éµ¤Ò:

• �µ¢Ò° ³¥Éµ¤  ¶¶·µ±¸¨³ Í¨¨ ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´ ¤·Ê£¨³¨  ¶¶·µ±-
¸¨³ Í¨µ´´Ò³¨ ³¥Éµ¤ ³¨, É ±¨³¨ ± ± ´¥°·µ´´Ò¥ ¸¥É¨ ¨ ¢¥°¢²¥ÉÒ. �Éµ
¤ ¥É ´¥ Éµ²Ó±µ ´µ¢Ò° ¨´¸É·Ê³¥´É, ´µ µÉ±·Ò¢ ¥É ´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨
¤²Ö ´¨Ì [8]. „ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ³¥Éµ¤  ¡Ê¤¥É ¸¢Ö§ ´µ ¸ µ¡µ¡Ð¥´¨¥³
APCA ¤²Ö  ¶¶·µ±¸¨³ Í¨¨ ³´µ£µ³¥·´ÒÌ ¶µ¢¥·Ì´µ¸É¥° bool
IsAddedThisPoint(int im) Å True, ¥¸²¨ ¶µ¤¢¨¦´ Ö, É¥±Ê-
Ð Ö ÉµÎ±  (¸ ¨´¤¥±¸µ³ im) ¢±²ÕÎ ¥É¸Ö ¢µ ¢·¥³¥´´Ò° ¸¥£³¥´É;

• void NewA0BCentered() Å Í¥´É·¨·Ê¥É x0 ¨ ´ ¸É· ¨¢ ¥É alpha
¨ beta;

• void Stage2(DikTor.APCA.ApcaOutType outType) Å
¢ÒÎ¨¸²Ö¥É ¤²Ö ¤ ´´µ£µ ¸¥£³¥´É  §´ Î¥´¨Ö EstY2, ¨²¨ EstY2 ¨ ´¥µ¡Ìµ-
¤¨³Ò¥ ¶·µ¨§¢µ¤´Ò¥, ¥¸²¨ ApcaOutType · ¢´µ Estimation2 ¨²¨
All ¸µµÉ¢¥É¸É¢¥´´µ.
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‘¢µ°¸É¢ :

• double Alpha Å ¢µ§¢· Ð ¥É · ¸¸ÉµÖ´¨¥ (µÉ·¨Í É¥²Ó´µ¥) ³¥¦¤Ê ²¥-
¢Ò³ ±µ´Íµ³ ¸¥£³¥´É  ¨ x0 (=xa-x0);

• double Beta Å ¢µ§¢· Ð ¥É · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¶· ¢Ò³ ±µ´Íµ³ ¸¥£-
³¥´É  ¨ x0 (=xb-x0);

• LinAlg.VectorD D1F Å ¢µ§¢· Ð ¥É ¶¥·¢ÊÕ ¶·µ¨§¢µ¤´ÊÕ Y;

• LinAlg.VectorD D2F Å ¢µ§¢· Ð ¥É ¢Éµ·ÊÕ ¶·µ¨§¢µ¤´ÊÕ Y;

• int Length Å ¢µ§¢· Ð ¥É Î¨¸²µ ÉµÎ¥± ¢ ¸¥£³¥´É¥;

• DikTor.APCA.SegmentsAll Parent Å ¢µ§¢· Ð ¥É µ¡Ñ¥±É
SegmentsAll, ¸µ¤¥·¦ Ð¨° ¤ ´´Ò° ¸¥£³¥´É;

• DikTor.APCA.Point4 P0 Å ¢µ§¢· Ð ¥É ÉµÎ±Ê [x0,y0] (µ´ 
³µ¦¥É ¡ÒÉÓ ¢ Í¥´É·¥ ¸¥£³¥´É );

DikTor.APCA.Point4 PA Å ¢µ§¢· Ð ¥É ²¥¢Ò° ±µ´¥Í ¸¥£³¥´É ;

• DikTor.APCA.Point4 PB Å ¢µ§¢· Ð ¥É ¶· ¢Ò° ±µ´¥Í ¸¥£³¥´É ;

• DikTor.APCA.ReperHow ReperHow Å ¸µµ¡Ð ¥É, Ê¸·¥¤´ÖÉÓ ²¨
¢Éµ·Ò¥ ±µµ·¤¨´ ÉÒ ·¥¶¥·´ÒÌ ÉµÎ¥± ¶µ ¸µ¸¥¤´¨³ ÉµÎ± ³;

• double ThetaAverage Å ¢µ§¢· Ð ¥É θ̄k ¤²Ö ¤ ´´µ£µ ¸¥£³¥´É ,
¨¸¶µ²Ó§ÊÖ ·¥±Ê·¸¨¢´µ¥ Ê¸·¥¤´¥´¨¥.

• DikTor.APCA.ThetaHow ThetaHow Å ¸µµ¡Ð ¥É, ± ± ¢ÒÎ¨¸²Ö-
¥É¸Ö theta ¤²Ö ¤ ´´µ£µ ¸¥£³¥´É  (Éµ²Ó±µ ÎÉ¥´¨¥);

• LinAlg.VectorD ThetaM Å ¢µ§¢· Ð ¥É θ̂k
m ¤²Ö ± ¦¤µ° ÉµÎ±¨

¤ ´´µ£µ ¸¥£³¥´É ;

• int ThisNbOfPointsWasNeeded Å ¥¸²¨ ¨³¥ÕÉ¸Ö Éµ²Ó±µ ¤¢¥
¨²¨ É·¨ ÉµÎ±¨ ¸²¥¢  ¸¥£³¥´É , Éµ£¤  ¤¢¥ ¨²¨ µ¤´  ÉµÎ±¨ ¤µ²¦´Ò ¡ÒÉÓ
§ ¨³¸É¢µ¢ ´Ò Ê ¶·¥¤Ò¤ÊÐ¥£µ ¸¥£³¥´É  ¸µµÉ¢¥É¸É¢¥´´µ (¢ ÔÉµ³ ¸²ÊÎ ¥
¶µ¸²¥¤´¥¥ alpha_x ¡Ê¤¥É ³¥´ÓÏ¨³ Î¥³ ¶·¥¤Ò¤ÊÐ¥¥ beta_x);

• LinAlg.VectorD X Å ¢µ§¢· Ð ¥É ¶¥·¢Ò¥ ±µµ·¤¨´ ÉÒ ÉµÎ¥± ¸¥£-
³¥´É ;

• LinAlg.VectorD XAOB Å ¢µ§¢· Ð ¥É ¶¥·¢Ò¥ ±µµ·¤¨´ ÉÒ ·¥¶¥·-
´ÒÌ ÉµÎ¥±;

20



• LinAlg.MatrixD XYEst12 Å ¢µ§¢· Ð ¥É ¶¥·¢µÕ ¨ ¢Éµ·ÊÕ ±µµ·-
¤¨´ ÉÒ ÉµÎ¥±, YEst1 ¨ YEst2 (¤²Ö ÉµÎ¥± ¤ ´´µ£µ ¸¥£³¥´É );

• LinAlg.MatrixS XYEst12Tit Å XYEst12 ¸µ ¸É·µ±µ° § £µ-
²µ¢± ;

• LinAlg.VectorD Y Å ¢µ§¢· Ð ¥É ¢Éµ·Ò¥ ±µµ·¤¨´ ÉÒ ÉµÎ¥± ¤²Ö
¸¥£³¥´Éµ¢;

• LinAlg.VectorD YAOB Å ¢Éµ·Ò¥ ±µµ·¤¨´ ÉÒ ·¥¶¥·´ÒÌ ÉµÎ¥±;

• LinAlg.VectorD YEst1 Å ¢µ§¢· Ð ¥É ²µ± ²Ó´Ò¥ µÍ¥´±¨ Y ¤²Ö
¤ ´´µ£µ ¸¥£³¥´É  (stage1).

• LinAlg.VectorD YEst2 Å ¢µ§¢· Ð ¥É ¨´É¥£· ²Ó´ÊÕ µÍ¥´±Ê Y
¤²Ö ¤ ´´µ£µ ¸¥£³¥´É  (stage2).

‘É É¨Î¥¸±¨¥ ËÊ´±Í¨¨ Par, W1_3 DPar*, DDPar*, Q, DQ* ¨
DDQ* ¨¸¶µ²Ó§ÊÕÉ¸Ö ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ ³µ¤¥²¨ (* ¶·¨ ±µ··¥±Í¨¨ §´ Î¥´¨Ö
theta ´  ¢Éµ·µ³ ÔÉ ¶¥):

• static public double Par(double t, double a,
double b, double Fa, double Fb, double F0

• static public double Q(double t, double a,
double b)

• static public double W1(double t, double a,
double b)

• static public double W2(double t, double a,
double b)

• static public double W3(double t, double a,
double b)

• static public double DPar(double t, double a,
double b, double Fa, double Fb, double F0)

• static public double DDPar(double a, double b,
double Fa, double Fb, double F0)

• static public double DQ(double t, double a,
double b)

• static public double DDQ(double t, double a,
double b)
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