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³SÅèWZì�á�ÁÕWZÖ while[ÔéSÂ
éè*_Ã[µè¶Ö]EÆÃÕ/ìÑè��Q
ÐÖ*_Ã[Ô �ì~ÏÏ�LÅè��QÐ¹ç
&ÀèMíÔÍ¶ÏÕ]Ô¹¿è�°Õ¦íÖ�
QìôâÏÇÜèÁÑÔÅè�
��ô��pÕ�.m�ÐµèÔãººëæÆ�
*ç_Ã³SÂéè¼�Õ¬�Ô¹¿è+%Ö*ÓÌ
Ï¶è�ÁÁÐ \+%"ÑÖ�µè¬�ì¥vÃÉ¬
Ô���ô��pÐ¢ëéÏ¶è]5ÑÈÕkÑÕ
ØÕÀXì¥ÅãÕÑÅè�Á·ÃÏ���ô��
Õ³SÑÖ�®¸æéÉ��+%ºæ�æÅè^¿
+%Û]�Åè�cÐµç�ÈÕ6IìSÓ·Õ»
��ô��ÐµèÑß¸èÁÑ»Ð¼è�


ÔâbÅèÿ8ÃÉ��ô��ÔåÃÏÈÕ�
cì<òÃå·ÑÅèÑ�¬�ÑÑãÔ]7Åè°�
Ó+%ìÛvÅèÁÑÔÓè���ô��Õm�ì
FvÃÏã�°Ðµç�D�Õm�ÔåÃÏã5Õ
+%ÕÀXä»å4Åè�CæéÉ�5�EÃº«
ÉÓ¶3ÔÑÌÏÈÕ� ÖZ�Ðµè�ÁÕ¦í
ÔåÃÏÖ�¬�ÑÑãÔ]7Åèã5Õ+%ìÀ
XäÑÃÏÐÖÓ½���ô��Õúm�Ôå4Ã
Ïq%7ÃÉ 1ÍÕ+%ìR¸�)äzÓ+%ÕÀ
XäÖÈÕ)äFÕÀXÐµèÑß¸èÁÑÐôÓ
Ð¼è�ÁÕq%7ÂéÉ+%ÖÈÕm�Ô¹¿è
S¡ (assertion)ÑE×é�*_ÃÕpÔµè'XÔ

ÖÈéì$rÃÏ���T]° (loop invariant,��

�T]*8Ñã)ÑE×éè�S¡��Ô���T
]°Ö�
ÔâbÅè��ô��ÕWZ:~7Õ#
¡ÕÉâÕÄ²Óù�Ðµç�ÁéÔ�Î½: Ö
ã5µè�
�QÐÖ��ô��c8�ÅÓëË��ô���

ôì¦íÑÅè�ÙÞzþ�Ðµè��ô���ô�
�Ô:Ã¶��ô��Õc8Ö�
â��ô��Õ
<òä#¡&&ÔZ�Óc&Ðµè�ÁÁÐÖ��
�ô���ôÕZ�ÂìéSÅè*_ÃWZÕc8
Ô �ì~ÏÏ���ô���ôÕZ�Ô?ËNº

· 1ÍÕî���þÑÈÕ¦3øù��ÔN¿ÏÕ
R�ìSÓ·�

��+%ºæ^¿+%ÔN¿Ï]5Õk»¬�Ñ
ÑãÔ��Ô]7ÃÏ¶½ã5Õ+%ÕÀXäìÛ
vÃÏ��ô��ìcèÁÑÖ�3Õ�Eì2¸Ï
¶è�ÁÁÐãäÖçq%7ÃÉ 1ÍÕ+%ìR¸�

¬�ÑÑãÔ;Äèã5Õ+%ÖÈÕ)äFÐµè
Ñß¸èÁÑÐZ�Ó��ô���ôÔ.(ÕL¡
ì;èÁÑ»Ð¼èå·ÔÓè�

F¸× Dijkstra[1]Ö�¥zÑÅè+%ºæÈéì

cçÆÅÉâÕ^·©Ò*8ÛÕ]�0 wpÔÍ¶

ÏR�Ã�P6v7ì«ÍBJì¢ÌÏ \#¡ÃÍ

ÍÕ��ô���ô"ìw�ÃÉ�ÈÁÔ¹¶Ïã�
*_ÃWZÕ��ô��c8ÐÖ���T]°»6
vzÓ¨ýì=ÉÃÏ¶è�

.d�3Õ¯ÔÓ¤Rì¯ÔÔ�1ÂÇèÁÑÐ
ù��úÓ��ô��c8ì¯)ÔÃ�<ò7»V
½ \�á"ÁÑÕÐ¼è��ô��ì�æéè��ô
���ôdeÑÃÏ�[4z��ô���ô (literate

programming)»w�ÂéÏ¶è [4][5]�ÈÁÐÖ�

ßÑßçÕµè�<g'ì sectionÑÃÏ¯Ô�
���!ÃÍÍ���ô��õ��ÑÌ¡[�ì�
¬Ôc8Åè�Á·ÃÏ�ö�¬Õ9��¯»¯Ô
Ó@éÕpÐÌ¡[�ÑÃÏ�ÇÂé�Èéæ»õ�
�Ñt7ÃÏ¶èÁÑÐ�<ò7�-³7�`º7
ÕV¶��ô��ì�äÅ¶deÑB¸è�

�QÐÖ����T]°ì±¶èÁÑ»A³zÓ
��ô���ôÕ'Ô¹¶Ïã¬MÓdeÐµç�

ÈéìP/°zÐÖµè»ÂZ:ûÔ�ÇÃÉãÕ
Ö[4z��ô���ôÔ¹¿èÌ¡[�ÑÃÏÙ
ÂëÃ¶ÁÑì®Å� 2"ÐÖ����T]°ì±
¶É��ô���ôdeÔÍ¶ÏÇÜè� 3"ÐÖ�

[4z��ô���ôÔ¹¿èÌ¡[�Õ.WÑÃ
Ï�<òÃäÅ¶SA/°Õ���T]°»M=z
ÐµèÁÑì���ô���ôFì¢ÌÏ®Å� 4

"ÐÖ�ÁÁÐ®ÃÉ��ô���ôeì¦3Åè
øù��ÛÕ|�ìÇÜè�
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2 mqitvurp�ineljoe

2.1 mqitvu�ineljoewx

*_ÃPÞÑÃÏ�4 1Õ@é4Ñ�.Õ³Sì

SÓ·

Si; while B do S; Sf

ìR¸è�ÁÁÐ Si, S, Sf Öé�[ì�á[� B
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4 1: *_ÃPÞÕ@é4

4 1Õm� bÔ¹¿èS¡�ÅÓëËÁÕm�ì

u@Åè¬�Ð(Ô8?Åè*8»���T]°Ð

µè�³SÕ1SÑÑãÔ]5,Õcè+%Ö¬�

ÑÑãÔ]7Åè»�q%7ÂéÉ*8Ðµè��

�T]°ÖÒÕ¬�Ô¹¶Ïã8?Åè�

4 1Õm� aÖÁÕWZì³SÅètÒÐµè»�

ÁÕm�Ô¹¶Ï]5,»�ÉÅÜ¼*8ì©Ò*

8 (precondition)ÑEÚ�ßÉ�4 1Õm� cÖÁ

ÕWZì³SÅèÁÑÔåÌÏ�É¶+%ìcÌÏ

¶è�Ðµè»�ÈÕ*8ì©H*8 (postcondition)

ÑEÚ�

©Ò*8ì P�©H*8ì QÑÃÏ����T]

°´±Õ��ô���ôÖ42Õå·Ô�ÇÐ¼è�

���T]°ì�èÉâÕdeÑÃÏ�Gries[2]

Ö \©H*8pÕv5ì]5ÔÃÏ.�7Åè"ÓÒ

Õ¶½ÍºÕdeì9�ÃÏ¶è»�.�zÓde

ÖÓ¶Ðµê·�ÃÌÏ*_ÃPÞÕ��ô��Õ

c8ÖÝ]ëæÆZ�Ó¦íÐµèÁÑÔ]ëçÖ

Ó¶»����T]°»;ÍºÌÏ¶é×�4 2Ô

®ÃÉå·Ô¡ûÓdNU¿ìãÌÏ��ô���

ôì1âèÁÑ»Ð¼è�ÅÓëË���ô���

ôÑ¶·Z�ÓlzÙÞþ�ì���T]°Õ�;

ÑÈéÔ�Î½��ô���ôÑÔZýÅèÁÑÐ�

åç0�zÔ³SÐ¼èå·ÔÓèÁÑì(�ÃÏ

¶è�

2.2 mqitvu�rp��inelj

oe�x

ÒËÐÇÜÉ��ô���ôdeì)äzÔ®Å

ÉâÔ���GA»µç�}ª» 1ºæN ßÐÕ

�G²×Ô95k»�ÌÏ¶è�k» 0Õ²×Öd

�ÃÏ 0ÐÓ¶²×ì�GÒWÔ�âè�Ñ¶·�

GÕ!Å¦íìFÑÃÏR¸è�Ó¹� PascalXÕ

BJì±¶Ï��ô��ì�ÇÅè�

ÁÕ¦íÔåÅè©Ò*8 P�©H*8 Qì? 

Ô�ÇÅèÁÑÖ(øÔ�Ã¶�ÁÁÐÖ³A;�

7ìÄ§Åè?'ºæ�P/°zÔÃºÃÂZÔ:

ûÔ�ÇÃÏàè�

� ©Ò*8 P��G AÕ}ª 1�N ÕWZÔ9

5k»�ÌÏ¶è

� ©H*8 Q��GAÕ}ª 1� nÕWZÔ 0Ð

Ó¶95k»�ÌÏ¹ç�G A[1]� A[n]Ö=

Õ�GÕGºæ 0ì�¶ÉGÔ�Ã¶�

4 2Õ \���T]°´±Õ��ô���ôde"

ÔÃÌÏ�ÁÕ¦íÕ��ô��ìcÌÏ¶½�>

*�¼ÕNWÖ4 2ÕNWÔå4Åè�

��ô���ô1<ÕÎ¶ü;Õ'X� O(N2)Õ

³S¬�ìQ²ÑÅè��ô��ìcçäÅ¶å·

Ðµè [3]»�ÁÕå·Ó»�ì�íÐ��ô��

�ôìSÓ·ÁÑÔåÌÏ�O(N)ÕM>ÕD¶:

Ã¶��ô��ìcçäÅ½ÓÌÏ¶èÁÑ�ßÉ�

���Õ�äìcè 3.Õj÷»��ô���ôÕ�

�ÑB¸È·Ðµè»����T]°»âbÅè+

%ÐÖÂÝÒZ�ÂÖÓ¶ÁÑ»<òÐ¼å·�

1. P ¹åØ QÕBdì�à� P ºæQÛÕ�p

+%ìSAÅè I ÑÃÏ�=Õ�GkÕ(�Ð

A[1]�A[m]ì!ÅÃÉ7=»�/Ã¶�Gk

Õ(�ÐÕ A[1]� A[n]ÑÓÌÏ¶è+%ìR

¸è�

2. I ì8?ÂÇè�^ãg�ÓdeÑÃÏ�8ã

�<ÃÏ¶Ó¶ÁÑì®Åm = 0, n = 0Õ+

%ÑÅèÁÑ»R¸æéè�Á·ÃÏ� SiÑÃ

Ïm := 0; n := 0»�æéè�

3. �<ì1âèÑ¶·ÁÑÖm»ë¼½ÓèÁÑ

Ðµç�ÝíÕ'ºÐã1â×å¶ÕÐmì 1

Ê¿1âèÁÑìR¸è� A[m]Ö��<Õ²

×Ðµç�Áé» 0ºOºÐ�<»Zºéè�

A[m] = 0Ðµé×�ºéè²×Ðµç��Ô

8ãÃÓ½Ïãå¶�A[m] 6= 0Ðµé×ÁÕ

²×ÖÒÕdÔ�âæéè�&&ÕR�ºæ

ループ不変図式に基づく文芸的プログラミングのための会話型支援システムに向けて
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1. P ¹åØQºæ¦íò6deì9�Ã����T]° I ìR¸è�

2. Ò�< Si ÑÃÏ� P Õ+%ºæ I ì8?ÂÇè³S[ìR¸è� I ì8?ÂÇèÁÑ»¥z

Ðµç�g�ÓdeÐPëÓ¶�

3. I ì,«ÃÉßß¥RÔN¿ÏÒ1ÃÏ¶èõ��ìcè�¥RÔNºÌÏ'ºÐãÒ1ÃÏ

¶é×å¶�

4. ¿A*8ìR¸è�*_Ã»¿AÃÉ¬�Ð8?ÃÏ¶ÏÝÃ¶*8» I Ñ¿A*8Ñºæ�

¼ÊÇèÁÑìû�Åè�

5. *_Ã»¿AÃÉ¬�Ð8?ÃÏ¶è�Õ*8ºæ©H*8 Qìî8ÂÇèõ��ìH�<

Sf ÑÃÏcè�

4 2: ���T]°ì´±ÃÉ��ô���ôÕde

m := m+ 1;

if A[m] 6= 0 then

begin n := n+ 1; A[n] := A[m] end

»�æéè�

ÁÕ³SHÔã��=Õ�GkÕ(�Ð A[1]�

A[m]ì!ÅÃÉ7=»�/Ã¶�GkÕ(�

ÐÕ A[1]� A[n]ÑÓÌÏ¶è�Ñ¶·���

T]° I »8?ÃÏ¶è�

4. ��<WZ»Ó½Óé×�<ì¿AÃÏå¶�

ÁéÖm»N Ô.oÃÉ'XÐµè�

5. I ºÍm = N ºæ�=Õ�GkÕ(�Ð A[1]

� A[N ]ì!ÅÃÉ7=»�/Ã¶�GkÕ(

�ÐÕ A[1]� A[n]ÑÓÌÏ¶è�»�æé�

ÁéÖ=Õ¦íÕ²�ÔµÌÏ¹ç�ÁÕFÐ

Ö©H�<ÖQ²Ó¶�

2.3 ineljoen}�x

ÒËÐ \���T]°ì´±ÃÉ��ô���ô

de"Õ³ÑFì®ÃÉ��ËÐÖ¶½ÍºÕ��

ô���ô¦íì®Å�Z�Ó¦íÐÖÓ¶»¯)

ÑãB¸Æ���ô���ô1<ÕÎ¶ü;Ðµé

×ë¶Ô�àÈ·Ó¦íÐµè�ÈÕ?íìò½�

�ô��c8Ô¨?Í���T]°ÕFÖËÐ®

Å»�ÈéæÖ��ô���ôÔåÅèë¼Ó��

�ÔÓÌÏ¶èÁÑ»Zºè�

2.3.1 �����

³5 xÑ:95 n»®¸æéÏ¶è�ë¼Ó nÔ

åÃÏãM>D½ xn ì2 Åè��ô��ìcé�

ÉÊÃ� log�5Ö¢±Ð¼Ó¶ãÕÑÅè�

2.3.2 ¥ª®�´�º�� 10°�����

ÂZÔë¼ÓN Ñ 1=Õ95k�G A[1..N ]

»®¸æéÏ¶è� AÔ�ßéèkÕpÐ^ãë¼

Ó 10DÕkì�âå�9GÃÉ¬Õë¼ÓdÕ 10

Dì�âè¦íÐµè»�9Gî�ö�ú�ì¢·

ÕÖM>zÐÓ¶�

2.3.3 ¼ÃÅ¿³ÉÍ»

1=Õ�GA[1..N ]»µç�ÈÕ²×kÑÃÏ

Red, White, BlueÕk»��ý�Ô�ÌÏ¶è�

ÁéæÕÅÜÏÕk»Red, White, BlueÕ�Ô\

Úå·Ô\Ø�¸å�ÉÊÃ��GÔåÃÏ¢±Ð

¼èÜcÖ��G²×Õkì;èÁÑÑ� 2ÍÕ�

G'nì¥vÃÏBµÔµè,ìK�ÅèÁÑÊ¿

Ðµè�

2.3.4 2����¥ª�¹��~����Ë��

¹�°�

��Ô95k»�ÌÏ¶è 2ÍÕ�G A, BÑk

min, max»®¸æéÏ¶è�*8min � A[ia] +

B[ib] � maxì�ÉÅå (ia, ib)ÕD5ì�âå�

2.3.5 ·�Ä¾Á�¦¯

	ð�ü head»¥ÅÐ/�ù�»µè�	ð�ü

ÕU¿è¸ÔåÌÏ�ÁÕÐ/�ù�Õ\Ø�ì�

ÔÇå�

真野　芳久
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2.4 ineljoen}�|��mqi

tvu

2.4.1 �����

xn = pxc Ñ¶·ì 1Õ���T]°ì±¶èÑ�

p := 1; c := n;

while c > 0 do

begin p := p � x; c := c� 1 end

»�æéè�

xn = pqcÑ¶·ì 2Õ���T]°ºæã&Ñ

�°Õ��ô��ì�èÁÑÖÐ¼è»� qì]5

ÑÃÏ��ÃÏ¶èÁÑºæ

p := 1; q := x; c := n;

while c > 0 do

if odd(c) then

begin p := p � q; c := c� 1 end

else

begin q := q � q; c := c div 2 end

Ñ¶·M>ÕD¶��ô��ì�èÁÑ»Ð¼è�

&6ÐÖ���T]°Ê¿ì®Ã�ÈÁºæ�æ

éè��ô��Ö�ÇÃÓ¶�

2.4.2 ¥ª®�´�º�� 10°�����

A[1]�A[i] (i � 10)»
ÔrÜæéÏ¹ç�È

ÕpÕ^ëÕ 10D»A[1]�A[10]ÔT�Ô�ÌÏ

¶è�

2.4.3 ¼ÃÅ¿³ÉÍ»

1 � r � w � b � N Ð� A[1]� A[r � 1]Ô

Red»�A[r]�A[w�1]ÔWhite»� A[b+1]�

A[N ]Ô Blue»µè�

2.4.4 2����¥ª�¹��~����Ë��

¹�°�

1 � ia � NAÑÃÏ� A[ia]ÔåÃÏ*8ì�É

Å BÕ²×Ö�}ª» ib1+1� ib2ÕãÕÐµè�

2.4.5 ·�Ä¾Á�¦¯

=Õ�ù�ÕÍ�ºæ p»¥Å²×ßÐÖ
Ô�

~ÃÏ¶è (p»Í�ì¥ÅÐ/�ù�ÔÓÌÏ¶è)�

=Õ�ù�Ð pÕ¥Å²×Õì q»¥ÃÏ¹ç�

Èé&TÖ=Õ�ù�Ñ]ëÌÏ¶Ó¶�

3 zmuh����mqitvu�rp

���T]°Öö�Õ��ì�¶Ï½éè�ÄÓ

¥2ÑÓèÁÑìÒ"ßÐÔ®ÃÉ�ÁÕÁÑÖß

É�ö�ÂéÉ��ô��ì<òÅèaÔ���T

]°Ö�ÄÓ¨CÔÓç·èÁÑì®[ÃÏ¶è�

D.E.KnuthÖ���ô��Õö�ÑÌ¡[�Õ

c8Ñì�¬ÔSÓ¶�Bµ» ÉÔ7ØU¶É�

�ô��Õc8eì[4z��ô���ô (literate

programming)ÑÃÏw�ÃÉ�ÈÁÐÖ��ô�

��ôBJÕ²�Åè�Ç��Õ6©ì½¿Æ�¦

íò6ÕÉâÕ¯ÔÓ@éÑÃÏ���ô��c8

µÕ¤R@x»ßÑßÌÉ¨ýì«Í sectionÑ¶

·g'ÕGÐ�ÇÂéè�ÁÕå·Ô�ÇÂéÉÌ

¡[�U¼Õ��ô��ÖWEB[�ÑE×éè�

[4z��ô���ôeÔ�Î¶Ï��ô��ì

c8ÅèÁÑÔåÌÏ���ô��ìcèaÕR�

ìÂZÔSÓ·ÁÑ�ÈéæÕR�ì�âè/ÐS

AÅèÁÑ»�sÂé�7=zÔ¼�Õ¢Ð«éÉ

��ô��»cæéäÅ½ÓÌÏ¶èÑB¸è�Ã

ºÃ�Ì¡[�Ô�½Ü¼�¯ÔÍ¶ÏÖ��ô�

�c8µÔßºÂéÏ¶è� KnuthæÔåèã½Õ

WEB[�FÓÒºæÌ¡[�ÕD¶�¼dìüÚ

ÁÑ»Ð¼èÑÖ¶·ãÕÕ�åç)äzÓ¥2»

µèÑ³ÑÃäÅ¶Ðµê·�

2.3.4 ËÐÇÜÉ \2ÍÕ���GÔåÃÏµè*

8ì�ÉÅåÕD5"¦íì[4z��ô���ô

eÔåÌÏò¶É��ô��ÕFìUKÔ`ÇÏ¹

½�Ì¡[�Õ.WÑÃÏ���T]°ì4°zÔ

�ÇÃÏ¹ç�ÁÕå·Ó�Çde»��ô��c

8ä��ô��<òÔ¨?ÌÏ¶èÁÑì®ÃÏ¶

è�Ó¹�ÁéÖ CWEBøù��Õ CWeave��

ô��ÔåÌÏ�WEB[�ì TEXÔ]�ÃÏ;§

7ÃÉãÕÐµè�ÉÊÃ�ÈÁÔ�ßéèÜ¼ 3

ÍÕ4Ö��XÔåÌÏ4 3�4 4�45ÑÃÏ^H

Ô`ÇÏ¶è�

4 sDfghk�Ï��

Ò"ßÐÔ����T]°»��ô��c8¬Õ

D¶¥2ÑÓèÁÑ�ßÉÈéÖÌ¡[�Õ.WÑ

ÃÏ¬MÐµèÁÑ�ÃÌÏ�[4z��ô���

ôÔ�Î½��ô��c8Ô¢±ÅèÁÑÔåÌÏ

ÈéæÕM=ì.Ú�	ÂÇèÁÑ»Ð¼èÐµê

·ÁÑì;Ï¼É�ï�Ö[4z��ô���ôe

ì²ÑÅè��ô���ô¦3øù��Õö�ì9

�ÃÏ¶è»�Ò"ÕFì�!ÃÍÍ�ÈÁÐ¥¥

ÃÏ¶è¦3øù��¹åØ�IÅè¦3��ÕÊ

2�³AÔN¿ÏÕR�ìSÓ·�

ループ不変図式に基づく文芸的プログラミングのための会話型支援システムに向けて
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4.1 inelkÑlt�u|Òinel

joesD�sqk

[4z��ô���ôÖ«éÉ��ô���ô»

eÑR¸æéèÔãººëæÆ�A³Õ��ô��

�ôÕ'ÐÖÈéÝÒ´±ÂéÏ¶Ó¶�ÈÕë¼

Ó<ÑÃÏ��cÅè��ô��Õö�ì¸¥z

ÑR¸èÑÌ¡[�Õ�¬c8ÖVh»ë¼¶Ñ¶

·¢Ô:¸Ï���ô��ö�¬Õ¦3��»fÃ

¶ÁÑ»"Àæéå·�

ÒµÖD¶Ì¡[�ìcèÉâÔY·Ü¼ãÕÑ

ÃÏäáì�Ó¶JEÐµè»�HµÕøù��¦

3��ìÁ³ÂÇèÁÑÐÈÕJEì3@ÂÇèÁ

ÑÖÐ¼è�[4z��ô���ôÕÉâÕ¦3ø

ù��ÑÃÏÖWEB� CWEB[6]ÓÒ»læéÏ

¶è�ÁéæÕøù��Ö�WEB[�ºæ¥zB

JÕ��ô��ìqÆÅè TangleÑ�WEB[�º

æÌ¡[�Ñ��ô��õ��ì9/ÂéÉ/Ðq

ÆÅèWeaveÑºæP8Âéè�ÅÓëË�ÿ8Ã

É�µè¶Öµèx�ÿ8ÃÉWEB[�ìå%Ô

ÃÉ¦3��Ðµè�

[4z��ô���ôÖ«éÉ»eÐµçWEB

µè¶Ö CWEBøù��Õ¦3»µè¿éÒ�

� ßÑßçÕµè¨ýì«Í sectiong'ÔåÌ

ÏP8Âéè¿éÒ� sectionÕ÷ðúÖ�Â

ÓãÕÓÕÐ�^¿zÔÖã5Õ section»c

æéèÁÑÔÓç�Èéæì� ÃÍÍ��ô

��c8ì1âèÁÑÖÈÕ1SÔ�ÌÏZ�

ÑÓè�

� 
�óîÿ�BJd°ÐWEB[�»�ÇÂé�

ÈÝ�ÇÔ�Î¶ÏWeaveÔåè9/¦3»

�æéè�ÃºÃWeaveÖ�c8ÃÏ¶è^À

j÷ÐÕ´±ìÛvÃÉãÕÐÖÓ½�Èéß

ÐÕ�Ç�¯ì]RÃÉç�ÈÁÔµè)bì

9<ÃÏÈÕ¬�Ðc¸Ï¶è¦íÔ¨?ÉÇ

èÁÑÔÖTN¼Ðµè�

Ñ¶·¦í�ì"ÀèÁÑ»Ð¼è���ô��ì

c8ÃÏ¶èZ�Ój÷ÔåÅèøù��¦3»$

½�ßéè�

ã½Õ section,ÕPÞÕc8�<òìñM.Ð

¦3ÅèÔÖ hypertextÕù�ì´±ÅèÕ»¯Ô

Õå·Ô¤ëéè�ÁÕ��ºæAalborgëüÕ K. -

�sterbye[8]Ñ K.N�rmark[9]ÔåèñM.øù��
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4.2 mqitvu�juE�sqk
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�Âéè��ÂÓ��ô��Ðµé×³ÑÖ;�Ð
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ÖVh»ë¼¶ÑB¸å·�
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Ð���T]°ì�ÇÅèdeãR¸æéè�ÁÕ
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û-ÃÍÍ��ô��c8ì1âèÁÑ»Ð¼è�
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Ó¶Ðµê·�
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1âÆÔ4°zÔSAÅèÁÑÐ�<ò7ÕV¶D

¶Ì¡[�ì®¸èÑÑãÔ���ô��Õ-³7

Ñ:ÃÂÛÕÂZÓû-ã�æéè�

4.3 juÕw����Ó��sDÔÖ

4°ÑÃÏÕ�Ç¯ä»��ô��ö�Õ¥2Ñ

ÃÏ�ÈÃÏÌ¡[�ÑÃÏ¨?ÍãÕÐµè»�

gÓè4/ÑÃÏÕ�ÇÐÖøù��ÔåèlzÓ

¦3ì�æÅèÁÑÖ�Ã¶�

���T]°Ô�Î½øù��¦3��ÑÃÏ�

cæéÉ��ô��ÕWZ:~7Õ#¡� Dijkstra

Õ wp]�0ì´±ÃÏÕ¿A*8Õc8Ñ¶ÌÉ

/°z�ÇìÒwÑÃÉ¦3»ßÆ"Àæéè�P

/°zÓ�ÇÕ'XÔÁéæì? Ó(�Ð�æÅ

èÁÑÖ�Ã¶»�¶½ÍºÕA³zÓ¦3ì�æ

ÅèÁÑÖÐ¼èÐµê·�

*_Ã�äÕÍ�ÐÕ+%»���T]°Ðµè

»�Áéì´±ÅèÁÑÐ�F¸×�
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�T]°Õ®Å+%ºæ*_Ã�äì 1ó³S

ÃÉHÕ+%ìcçÆÃÏÈéæÕ\ì<òÃ

äÅ¶/ÐS®Åè�

\*8ì�ÉÅåÕD5"¦íÕFÐB·Ñ�4 5Õ

���T]°Õ4ºæ iaÕ1SdN� ib1Ñ ib2

Õ]7dNì®¸èÁÑÐ4 4Ô®Âéèå·

Ó]74ìc8Ã�Ì¡[�Õ.WÑÃÏ´±

Ð¼èå·ÔÅè��Ðµè�

� ÁéæÕ��ì�XÃIàzÔS®ÅèÁÑÐ�

��ô��Õ�cì�ðzÔS®Åè�

ÓÒ»R¸æéè�

gÓè4ÑÃÏÐÖÓ½�ÁéæÕ��Õ³A»

;�ÑÓèå·ÔÃÉ¶ÑR¸Ï¶è�ÈÕÉâÔ
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Õ�-ì3»SAÃÏ®¸è�Ç/°ì�ÈÕ^À
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4.4 {�sDÔÖ����

ÁéßÐÖ���T]°Ô�Î½¦3��ì9�

ÃÏ¼É»�ÈÕ�êÑÓÌÏ¶èÕÖ[4z��

ô���ôÕñM.¦3øù��ÐµÌÉ�ÁÁÐ

Ö�ÁÕ¦3øù��Ô«ÉÇå·Ñ9�ÃÏ¶è

¶½ÍºÕ¦3��ÔÍ¶ÏÇÜè�

4.4.1 WYSIWYGØ�Æ«��C½¾ÀÂ

WYSIWYGd°ÕR¸dÔ�Î¶Ï���ô�

�c8¬Ô hypertext/°ÐWEB[�ìS®�^

ÀÐ¼èñM.¦3øù���

ÁéÔÍ¶ÏÖ
Ô³<øù��ìc8ÃÏ¹ç�

ÈÕ¢±1<Ô�Î¶ÏOÔôÓÃ��: Õ�ê

ÑÃÏ�|ÂÇÏ¶¼É¶�

4.4.2 section±¸�§Ç�C

section,Ö¦íµè¶Öò6eÕPÞì�1ÃÉ

PÞì«ÌÏ¶è�Ðµè»�WEB[�ÐÖ sec-

tionÕGÑÃÏSAÂéÏ¶è�ÁÕPÞì´±Ã

Ï�F¸×� sectionPÞÕ£PÞS®�£PÞ�

��ÐÕ+��^ÀÓÒÕS®�^À��»�æÂ

éè�

4.4.3 section¬A��§Ç�C

ë¼Ó��ô��Öã5Õ sectionºæP8Âé

è�Q²Ó¬Ô�IÅè sectionì�!ÅèÁÑÔ

Óè»� sectionÕøºæÖq%7ÂéÉãÕÑÃ

Ï�ÅÓëËÈÕ¨ýÊ¿»¡ûÓ/Ð¯)Ôlè

ÁÑ»Ð¼èå·ÔÓÌÏ¶èÁÑ»�ßéè�

ßÉ���ô��c8Õµè¬�Ð sectionì�

�Åè»�ÁÕ¬�ÐÖÈÕ sectionÔ�æÅè¨

ýì$½(±ÃÏ¶è�Ðµè�ÃºÃ[4z��

ô���ôÐÖÈÕ¬�ÐÁÕ¨ýì�ÇÅè'�

»Ó¶�

ÁéæÕ²��¦í�Õò6ÕÉâÔ�ú section

Õ¡°�ÇÕÉâÕWEB[�Õ/°Õ9�ÑÈÕ

ÉâÕøù��¦3��ìR¸Ï¶¼É¶�

4.4.4 ¶ÌÚ��B×����¢ ¨©��C

.�zÓ�ÇÐÕ<ò»Z�Ó'X�3ÖFì²

�Åè�ßÉ�¦íò6»Z�Ó'X�)äzÓF

ì±¶èÁÑÐò6Õ;uÃ»�æéè'Xãã¶�

\*8ì�ÉÅåÕD5"¦íÐÖ�43ÕFìR¸

èÁÑÔåÌÏ�&TÕ¦íò6Õde»�äÅ½

ÓÌÏ¶èÑB¸å·�
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Ö�ÁÕ(�Ð��ô��ÕÌ¡[�Õ.WÑÃÏ
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ã;�Ðµê·�ÈÕ'XÕ[�Õ/°ÑÈÕ´±

/çì9�ÃÏ¶¼É¶� sectionÕ<òì�¿è

)bÑÃÏ¨?Í»�ÕWZ³SÑØàXëÇè

ÁÑÔåÌÏ� sectiong'Ð�ÆE��üÕFì

�ÇÅè9kÖVßè�

4.4.5 ×Ù�²Ê¤���¡µÈ£
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<ÛÐµç�[4z��ô���ôÓÒÕdeLÖ
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1. 2;Boj��A£0<%Ot®S±72£B¾y.

(\T_ÐB�³>V#Y"p�)

2. Ö.'>0<&O´¥C \ojA{yß+�:<&O 2;B��A, B>ßmin , max+¶(MP<&Oì

A t® min � A[ia ] +B[ib ] � max S±72åêB£ (ia , ib )B¾yS§IO "=%N \t®S±72£B
¾y "´¥>¿F!
�(D x 3BL'Aoj��A, B+¶(P<&< min = 20, max = 25>2O> x 3B���¸�S

Fð�=î2£B�y 2@R9 6+.B´¥BÖA@O!

(x 3)

3. ..=CZ^U][�¢=C@- t®S±72£B¾ySÙyß>2OÙynumPair>0<ÍO!5B�

�fy>0< 2;Boj��>¸�yS5P6PA, NA, B, NB>0 �B�bSÏR2h½>r½Smin>max

>2O!.'0< ÍOG,ÙyCíBL'A@O!

h Ùy 3 i �
int numPair (int A[ ]; int NA; int B[ ]; int NB; int min ; int max )

f
hnumPairÓy�¼ 8 i
hnumPair¯¢ 4 i
g

This code is used in section 1.

4. Ùy¯¢CªÔ0Å�AL:<ð»=,O=%Q'!

hnumPair¯¢ 4 i �
h lÛ�ã 7 i
h ªÔ0Ð 10 i
h Áé° 13 i

This code is used in section 3.

5. ��B+ojA@:<&O.>*M ��AB%O¸�A[ia ]A£0<t®S±72BB¸�BòÈC � 
07©Ø=%O.>+Ñ*O!.B©ØSBBåêÓyib1>ib2>=ÏR2.>A2O!£q«A2O7I ib1

C A[ia ]+B[b] < min S±72Ë¤Bb= ib2CA[ia ]+B[b] � max S±72Ë¤Bb>2O!.BL'Aib1>

ib2SãIO> t®S±72©ØCB[ib1 + 1]$B[ib2 ]>@O!@) .BL'@t®S±72b+@&sÈB
ib1%O&Cib2BßC ÉÁBZ^U][BçÈ=ãIO.>A2O!

��AJojA@:<&O.>*M åêiaS�(D�iBÕÃA3M0<&-> x 4+î0<&OL'A 
t®S±72BB¸�B©Ø [ib1 + 1, ib2 ]C�ÞBåê+ºnBÕÃA3P<&-!

(x 4)

6. .PH=BÆè*M Â�ä@Z^U][SÍOÕw+�MPO!x 5Aî2L'A AB 1;B¸�A[ia ]
S¬I7ìA t®S±72BB©Ø+ B[ib1 + 1]$B[ib2 ]>@:<&OL'Aib1>ib2S¬IO!A[ia ]A£
0<t®S±72£B¾yC ó:< ib2 � ib1 =%O!

x 5Bu¨Sdë0;;iaS}*0 5PAg1<ib1>ib2J»aà*M3M0<&-!AB2G<B¸�A;

&<t®S±72£B¾yS§IPD 5PMB�+§IOG,y=%O!iaCÝâA�i0 ib1>ib2CÝâA

ºn0<&-.>*M ��BWTXAÎ�07k��=%O.>+Ñ*O!

(x 5)

ループ不変図式に基づく文芸的プログラミングのための会話型支援システムに向けて
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7. .BÕw=Z^U][SÍO.>A2O!lÛ�ã>0<C iaSAB�|>0 ib1>ib2Sx 5Bî2u
¨A�ã2O.>+Æ(MPO!

h lÛ�ã 7 i �
ia = 0;
hA[0]A£0<t®S±72BB©ØS§IO 12 i
sum = ib2 � ib1 ;

This code is used in section 4.

8. .PH=A&-;*BÓyS��07B= �¼0<)-!

hnumPairÓy�¼ 8 i �
int ia ; ib1 ; ib2 ;
int sum ;

This code is used in section 3.

9. ib1>ib2BãÜCÚAôG7+ 5P6Pt®S±72b+¡Ì0@&sÈC BBËmåê 0=Jt®S±
72JB+@&>&'c²=J H7 ib2 �ib1 =©Ø�B¸�B¾yS§IO.>+=,O>&'c²=J �1
>ãIOB+ï�=%O!

10. ªÔ0Ð=C H8âG<&@&AB¸�+%PDiaS}*0 v0&iaA£0<x 5SÊEz�/4OL
'Aib1>ib2SÓÄ2O!� section=ôG7�µ=ib2+�1A@:7sÈ âG<&@&AB?B¸�A£0<
Jt®S±72�CJCK¡Ì0@&!

h ªÔ0Ð 10 i �
while (++ia < NA ^ ib2 � 0) f
h v0&ib1>ib2S§IO 11 i
sum += ib2 � ib1 ;

g

This code is used in section 4.

11. ia+�i0<Àã/P7ìA ib1>ib2SÊ�ã2O.>A@O+ 5PH=Aë:<&7ß`hA@O.

>CÚAÑ*:<&O!v0&ib1BßC¹Bib1Bß`h=%O+ /MAv0&ib2Bß`h=J%O!

5.=ib2BÄvSib1BÄv�AÇ@'!íBV#YC �A¼¦07 `ib1>ib2SãIO7IBt®S±72

b+¡Ì0@& 'sÈAC �Ò@ß �1S×*A�ã0<&O.>Aác/P7&!

h v0&ib1>ib2S§IO 11 i �
while (ib2 � 0 ^A[ia ] +B[ib2 ] > max ) ib2 ��;
if (ib1 > ib2 ) ib1 = ib2 ;
while (ib1 � 0 ^A[ia ] +B[ib1 ] � min ) ib1 ��;

This code is used in sections 10 and 12.

12. ia=0BsÈAib1>ib2BßS§IOBC lÛßS'H-¶(O.>=e�BsÈ>~·A=,O!

hA[0]A£0<t®S±72BB©ØS§IO 12 i �
ib1 = ib2 = NB � 1;
h v0&ib1>ib2S§IO 11 i

This code is used in section 7.

13. ªÔ0+ñ�07ìæ= §IOG,yßCsumA�:<&O!

h Áé° 13 i �
return sum ;

This code is used in section 4.
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4 3: \*8ì�ÉÅåÕD5"¦íÕFÑ*8ì�ÉÅå

A

ia

A[ia] < A[ia + 1]

B
| {z }

A[ia]ÔåÅè*8{XW
| {z }

A[ia + 1]ÔåÅè*8{XW

4 4: A[ia]Ñ A[ia + 1]ÔåÅèB Õ*8{XW

A

0 1 � � � ia � � � NA

| {z }


�<

| {z }

��<

B

0 1 � � � ib1 � � � ib2 � � � NB

| {z }

*8T{X

| {z }

*8{X

| {z }

*8T{X

4 5: \*8ì�ÉÅåÕD5"¦íÕÉâÕ���T]°
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