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Rational foundations modeling of decisions with bounded
perceptibility
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(Institute of Systems Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract The rationality differences of decision behaviors between full perceptibility and bounded percep-

tibility were analyzed. The decision behavior of bounded perceptibility is a bounded rationality with non-

consistence preferences. Concepts of internal preferences, revealed preferences, local preferences, bounded

perception relation system and a group of rational qualifications and models of bounded perceptibility

decisions are presented. The characteristics and existence of decision functions or rules under Proto or-

ders, partial orders, weak orders and other preference orders are proved. The conclusions interpreted the

internal mechanisms of decision behaviors of decision-makers with bounded perceptual preference order

system. The mechanisms can be used as the theoretical principle of uncertainty decision.
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340 ' � � ; 8 V | C s ^ 30�m{ “Cr” L`*X, S�D��sw�$X#��A X7EX�/E, �*�4k�*�2a(u4+/LCrX, *+/�#`.,B9V-X�* ���,�t/7EA[e�*Xt�. �x2, h:3)&MK}T��WX�A��, kt/7ED.{MT�Awj�9�2�4P�M7UT�K}X`��a. �b�*7UX�?Lw>� Von Neumann-Morgenstern X:qL�E!7y& ((q7� VNM !7) /X��:q7U, Savage Z#�"BCG7EX XD�mT[? VNM !7, jH�!7v77ED�!7, �L�*7UA GUX"�XC. SL, ,B-Hn #L74X “� ”, `Et�*�" �<5�t>~�ok0Nov��X�xE�*�, _#L��7EX. q?Jh 50 xP? Simon[1] k� VNM !7sq, w�Ht/7EMa; 1953 xv2�Mi Allais[2] ��H`�<< (Allais paradox), ahHn�* XD�{ VNM !7#�; Kahneman A Tversky[3] � 1982 A 1986 xXBX_�h3�F4X�*�x��℄}Fs9�M�, �* XKL�#`*E.

“7E” L& “Tw(%�, uE�U(%XX[d�”. =/Jh 70 xPl2, k��7EX#[^Q�;qL`/�*jAzP7E X�jAX3Q�#*t. Sswt/7EX��E, N%�T�'Ly�E�`/d4, ~N�Ef℄ ('D��*7U) X.e/, WVH`;�#n8)X�4. �x2, h:3)&MK}T��WX�A��, kt/7ED.{MT�Awj�9�2�4P�MK}X`�7UT��a. Stirling[4] X “t�7E” 7U�P�nt/7E�xT�X`�0\94, �7UWqH VNM !7-XHnl7o{�bX��7E7Ut�<X`*E, �HXC/ Stirling A`;M� [5] k[e GA�*^�mqDHT�Aqr. Rubinstein[6] J�xqM�ff��#!u�^|J�* ('��*� I) Zk	Xt/7E(T, DHXw!7Ml7Xwj3Q, �WVH`�tn5�X94. o Castelfranchi Z [7] �C#!&M, k7E�*�dZA��o)&DHT�, w�H`�Xw�zAm%X�*7U-n. C�, Tyson[8] �k�* k�K}�o�<X�!u�Lt/X, rUH�<�jX[om[?X`;C7)&, ��CÆs7U��H[eD�X`�!7XC. 2t, 0℄Q�U [9]J�It�X~h, y VNM !7y&-XB�E*M��B�E, qrH`�Xw “t/7E” �*D�X�ID�jA.��, t/7E_(P� �,uX`�7UXC. Gilboa A Schmeidler[10] q kq David Hume )w3eEXU℄, J,P�*&MX~hT�H3'�<	7 (Case-based reasoning, CBR) X`3 �,u}v-l9X ��*-X`;7EWX[ta, '-	E�BCE��
ME^5mEZ�z, WVH)�t5wJ7E~h7� CBR X��7X�UAmqwh. Hullermeier[11] �m Gilboa A Schmeidlerq X�EF, #� “�<�*L`�)wt/7EX7U, y,H Simon X ‘[e�*’ d4”, �kq X�EDH0�, y,uM%{�*7U�C	2T�H#�E�*-X	7.�. jH� “[e” ��XXC/8(T�t/7E�xXwjkw �,uXT�_L`��t7Um%ABgegX+x.���C�b�*7U, �55TKA�;�M7UT�-4qX!7M}v, k`3tXXt/7E�̀ t/�!�<(X�*7EDwjA�", kw��#DA7�,B�,8�t:E7Bg�*�x�t?�0\X7UegAM[m%,��k!D�:� �,u}vXT�_T�t`($m%.

2 K:dZp.%Z#V#�w “��7E”, “t/7E” 
�1`t`�M[/�`X�A.{Mg, �ta/p	2�/ [6]:

1) #u�� “�!” ktX�K}�;

2) #uk���K}�D��{I;

3) �u%�!A}jX{�t, $�CrM���DK.�9,“t/�!” X9gL: Tek����X�*�x�, �* �v���!}�\-�K}�oX�<, lk�!X�<)&��L�Bg�<X`�%�. D��M [12] y�/t/7E/�w 3Nrt/X�$E7u�. %49V-X'$.��<, (*e4KC2X�ZVCCMX.�, '4't?/.�, (*(�&dXy���!bmD{IDK. SO2-X.�_G��9�/Æ, 5O9���`3X.�_ta?/�|,(*`E($H$!T,_Dq�!�/.�#oX1iAC9ktX



^ 2� �p, [: Yxu0�"Y +8FkB 341�<)&, jHlD�$Z�*Xb�'uL%��<)&A[e�9.�*7U-X Proto I�*IA�IZ(#EL`/����!X�<I, XwHXKW�*_(�N�`/t/7E�*. ��vkH�zE`$0�, T�A�"Xw#��K}�\�t#��!�<X7E�*. <', kw 4 �}� [wxyz] XK�x, � 1 X℄ 1 DL� 4 �}�B9X#�X�K}�<\, ℄ 2 DA℄ 3 D��L���!At/�!q/�.(X�*WK�4:N 1 4 f^KQ,�bXoI8bX��2�RqARzjXLy [8]�L~�℄ [wx ] [wy ] [wz ] [xy ] [xz ] [yz ] [wxy ] [wxz ] [wyz ] [xyz ] [wxyz ]��" +�5 [w] [wy ] [wz ] [x] [xz ] [y] [w] [wz ] [wy ] [x] [w]u0�" +�5 [w] [y] [wz ] [x] [z] [y] [x] [wxz ] [yz ] [y] [xyz ]�� 1 X℄ 2 D-, kt�9}� w A x X�K}�\X�*�4- x "��K, W�a w ���K}�\-"rw x; ℄ 3 D-, }�\ [wx] XK�4� w, o [wxy] XK�4� x, ` w A x �}�\ [wx] A [wxy] -XKL#`*X.kw��K}��#�}�\-�t`*K�4X�*, ��7#����!�*, ��7����!�*, oy����!�*-`3�*�4�t6 “/” `*E (t℄ 4�t&) X�*7�t/�!�*.G\�NXL,“�!” L`�4+�z. ���!�#e�:�*�ka�}�keu%��rJ���t�<F_E, �&�*�k}�o�<X�!#W�K}�\^�kt<\Xn5, D�XK�t`*E. <', k� 1 ℄ 2 D-X}�k wx A xy, �*��kt�K}\-"�!VH w rw x A x rw
y, �D�H`*XK, Sl�kt�K\/�#u��}� w A y oXrJ, `�9�!X�<�#\��tF_E. t/�!�e�:�*�k�<X�!u�Th:�K}�\X#�o#�, ���!X�<�k}�<\�=`*. <', ℄ 3 D-�K\ [wxyz] /X�< “y rw w” {kt�9}�k wy X<\ [wxy]�[wyz] A [wy] L`*X. jHt/�!(, 
\/X�<�Lkt<\/�<X`%�, `t/�!X�*�<�t6 “/” `*E.

3 `�p�TZ����(e)k��4^X3)�zA�>EqQ	3.

3.1 �Qk �4, `��*�x(�H�`k\C 〈X, H〉, �-"e�,\C X �Hkt�K}�X\C, H �H X Xkt<\X\C, o\C A ∈ H L X X`�k9}�J3f>X<\. o_, w>� H /X�*:_ [6] (g� C : H → 2X , �-a� A ∈ H X�*�4 C(A) �H�K}�\ A -#u%�vBX}�X\C. o�, `�C7X�*:_ C m�[?(!7:H<>g� C (A) ⊂ A�[>g� A 6= ∅ ⇒ |C (A)| ≥ 1�M>g� H = 2X

3.2 \Oh0n�lh00'�K}�oXq�)&A�<IL�*7UXXC. `	\,\C X /Xq�)& F (P� X ×X X`�\C. �4, �dq < x, y >∈ R �H “q�)& R / x #Jw y(≻)”, q=� xRy; < x, y >∈ P �H “q�)& P / x rw y(≻)”, q=� xPy; oq�> I �Hq�}� (W�f) oXZmW�1i)&
(∼), ` I = {< x, y > |x ∼ y, x ∈ X, y ∈ X }.`$\, kwq�)& R, (gmXw: R′ = {< x, y > |yRx, x ∈ X, y ∈ X}; ": R = {< x, y > |

¬(xRy), x ∈ X, y ∈ X}; ^k7y_: R0 = R ∩ R′. '4�L`�)& Q, o_ Q { R XC9)&(g� QR = {< x, z > |(∃y)xQy & yRz, x ∈ X, y ∈ X, z ∈ X }, o R XnI}g� Rn = RRn−1(�-
R1 = R), ACAF)&�� R∗ =

⋃

∞

k=1 Rk [12]
.� 2 I�H 10 ��bXq�)&^�t� [8], o� 3[8,12] ��H 4 34q�<)&&�Amd�=[?Xq�)&t�. �9, �<)&&�L&kt�f (W}�) o�tm/tXq�)&X\C.

3.3 4��ln�>&w



342 ' � � ; 8 V | C s ^ 30�kw�K}�\ A, g\C F ↑ (A) =
{

x ∈ A
∣

∣(∀y ∈ A) yFx
}

, �9 F �`	q�)&. tX\, '4 F �H “S�rw (≻) )& P”, � P ↑ (A) �HXL A -�J}�X\C, o C (A) ⊂ P ↑ (A) yoH�*:_ C L8��<CNMX.N 2 ℄Pi1X"Uu� �MG u� �MG>zF I ⊂ R G`F R2
⊂ R�>zF R ⊂ I =zG` (R0)2 ⊂ R0l8F R ⊂ R′ }0G`F RR0

∪ R0R ⊂ R�l8F R2
⊂ I �G`F R2 ⊂ R�POF R∗
⊂ I +C�F (�F) R0

⊂ I

N 3 UG�mi11(t�"U�=*''� \�Yr�*'
proto J �POF�J �>zF, G`F+J �l8F, �G`F2FJ �POF, +C�`	\, '4 C (A) ⊂ F ↑ (A) ka`� A ∈ H e9>, �7)& F �H�*:_ C X//, fE//�9)& C ⊂ F ↑. 3e\, (g(/�9)& F ↑⊂ C, AZw)& C = F ↑. '4[?Zw)&,�7 C L)& F /X`*�*:_, q7F X�*:_. �4, �*�X�B�<l9��*�X�r-X��#���*�k!, 7�t��<. ��sw X7E/+, �%�t��<(u�%�_(u%���*��!V, 9�(E�teDX�*D�b�X`/�<, 7#��!Xt��<. �[, T F L`/�!Xt��<)&�, �5�*:_ C �(f℄`��*�Xt��< F (A) AlD�XK�4

C(A) #oXA&W7E�^, �ysK�4 C(A) yo�X�<7��*�X+H�<.� 1 ahH�!Xt��<�+H�<A�*D�,�o)&.�4, `��<)&&��y�=yEL�egX, �y�k7EL^mX, �y�ONEL�oX. '4�<)&&�#u���t�,/tE, �D�XK�4WyoX+H�<`	#[?'(7E|u:

 

) 1 5��mM�Q�mXi1�D)&w 1 *0� (Weak expansion):
⋂

k C (Ak) ⊂ C (
⋃

k Ak)
[12]&w 2 Y0� (Adjunct expansion): C (B) ⊂ A ⊂ B ⇒ C (A) ⊂ C (B)

[12]&w 3 �0� (Strong expansion): A ⊂ B&C (B) ∩ A 6= ∅ ⇒ C (A) ⊂ C (B)[12]/|u_(#ELEG`��*:_W�*.�XC7E9�. �-, |u 1 e�:'4}� x�`&I�K}�\ (<' Ak) X�*�4 (C(Ak)) -, o_m`_� “0�” F�K}�\ (
⋃

k Ak) X�*�4-; |u 2 �hT�K}�\ (A) 0��9>}��, '\>}�#T�K, ��K}�\X�*�4-X}��0�FX�K}�\ (B) -$T�K; |u 3 \�T�K}�\ (A) 0��, '\0�FX�K}�\ (B) #��{B��K}�, ���*�4 (C(A)) -X}��0�FX�K}�\-��K.

4 K:dZ3Z�T��x��t/�!(, �*�k`;��X�K}�(u'u��%��!VX�<, �/�<)&L6 “/”`*X, `'4k�K}�\ A ⊂ B, �*�u�!V}� x rw y, o_k B l&(u}j����<)&, �Lj�t/�!(�k>X}�#TE�x�kqQ. t/�!(X�/�<)&A�*t�(q(eX3)�z2f℄.

4.1 H7aWh00'[E 1 +�aWh00' '4k"e x, y ∈ A ⊂ B, T��T xRAy �&t xRBy, o_�7 R L`����!)&&�.[E 2 H7aWh00' '4k"e x, y ∈ A ⊂ B, �T xRAy �&t xRBy, o_�7 R L`�t/�!)&&�.(#�, g 1 Ag 2 X���w: �- xRAy L xRBy X>\|u, F�- xRAy L xRBy X



^ 2� �p, [: Yxu0�"Y +8FkB 343�\|u. �km:, ���!-�< xRBy L`6`*X, ` A A B /X�<L`*X; ot/�!-LQ6W6 “/” `*X, `'t A /�!VX�<� B /&u��!V. `$X�NL, �tt/�!)&&�X�*b�XL<\ A ⊂ B /X�<)&, ` A /X�<)&mLK)�!XW�X; ���!�*b�X�L�\ B /X�<, �G$R A /X�<.

4.2 ~Oh00'�*:_ C ��X+H�<(f℄�`�s C gX�%)&, (e��H3)g^�t�.[E 3 �%)& P l & xP l
By T��T x, y ∈ B, kwa�\C A ⊂ B, x ∈ A, t y /∈ C(A). L�, X�)& P b & xP b

By T��T x, y ∈ B, � y /∈ C ([xy]); �5)& P s & xP s
By T��TL�m��K}�\ A ⊂ B ��[? x ∈ C(A) A y ∈ A/C (A).g 3 �h: T�K}� x �)& P l

B /rw}� y �, �UB� B ^�<\-�9H x X�*�xe\{B y. oT xX�)&rw y �, �F��K}�X�*�x- y T�{B; T x�5)&rw y �,L�`;�*�x (#`LF�}�X�*�x) ({B y o#{B x. ���g(W:$ 1 ∪B⊂XP l
B = P b

X , � P l L�ONX.V� 1) ��X�)&g, t P b
X = ∪[xy]⊂XP b

[xy] ⊂ ∪B⊂XP l
B. vs P l g(!, �T [xy] ⊂ B A

xP l
[xy]y �&t xP l

By, `�T xP b
[xy]y �&t xP l

By, k ∪B⊂XP l
B ⊂ ∪[xy]⊂XP b

[xy] = P b
X . jH ∪B⊂XP l

B =

P b
X .

2) l7 P l LONX, ` ∃x, y, z ∈ B t xP l
By�yP l

Bz ^ zP l
Bx. �� P l XgA xP l

By�yP l
Bz (WV, kw x, y, z ∈ A ⊂ B t y, z /∈ C(A), �{ zP l

Bx 3^m. jH P l L�ONX.ix 1 ��Hs C gX�%)&{X�)&#oXA&, `C�Hkt<}�\/X�%)&#F,��4{�}�\ X /XX�)&Zm.[E 4 7 P l Ls�*:_ C gX�%)&, '4 C ⊂ P l ↑, �7 P l ↑ � C X�%// (Local

upper bound); '4 P l ↑⊂ C, �7 P l ↑ � C X�%(/ (Local lower bound).�� P l ↑ Xg(W:$ 2 �%)&g-X�*:_ C e�t�%//.

P l ↑ L`��J}�\, jHix 2 �h: P l -X C ky,X�*.�L`/rM9�.$ 3 '4 R L`�t/�!)&&�, � C ⊂ R ↑, o_kwa�}�\ A t RA ⊂ P l
A.V� � x, y ∈ A, '4 xP

l

Ay, �`L�`�<\ A′ ⊂ A, �- x ∈ A′ � y ∈ C (A′) ⊂ R ↑ (A′),�e�: xRA′y. o R L`�t/�!)&&�, �t xRAy. jH RA ⊂ P l
A 9>.ix 3 ah'4s:_ C y,X�*9�{t/�!)&&� R -X�J)&�t`*E, o_ R-Xq�)&_(q C gX�%)&+H�2.$ 4 T��T�*:_ C L�gX�%)& P l X�*:_�, C _L`�t/�!)&&� RX�*:_.V� 1) �\E. '4:_ C L R X`*�*:_, o_ C (B) = R ↑ (B) =

{

x
∣

∣∀y ∈ B, yRBx
}

⊃
{

x
∣

∣∀y ∈ B, ∃A ⊂ B, x, y ∈ A, yRAx
}

⊃ {x |∀y ∈ B, ∃A ⊂ B, x, y ∈ A, x ∈ R ↑ (A) = C (A)} = P l ↑ (B), vsix 2 t C (B) ⊂ P l ↑ (B), jH C (B) = P l ↑ (B). o B L"eX, wL C L P l X�*:_.

2)>�E.7 C L�gX�%)& P l X`*�*:_,�t C (B) = P l ↑ (B) = {x
∣

∣

∣
∀y ∈ B, yP

l

Bx}

= {x |∀y ∈ B, ∃A ⊂ B, x, y ∈ A, x ∈ C (A)}. g`�)& yRAx ⇔ x, y ∈ A, x ∈ C (A), �s P l Xg( hsH#9X)& R L`�t/�!)&&�, wL C (B) = P l ↑ (B) = {x|∀y ∈ B, ∃A ⊂ B, x, y ∈ A,

yRAx} =
{

x
∣

∣∀y ∈ B, yRBx
}

= R ↑ (B), ` C _L R X�*:_.ix 4ahH`�t/�!)&&� RX�*:_XL�E,`mkmw`��%)&X�*:_,�eg�w R X�*:_L�EA7Et�(�5w�%)&X�*:_2T�A�". L�, yix 2 A
4 BC	2(W��%(/kwt/�!)&&�X�*:_L�GX�_L>�X.*	 1 T��T�*:_[?�%(/�, �:_L�gX�%)&X�*:_, _L`�t/�!)&&�X�*:_.

5 K:��_/N!




344 ' � � ; 8 V | C s ^ 30�kw���!�*, �- [13–15]  hH�L�[?�/0�7EA�57EX�*.�W:_. kwt/�!�*, L�_L�[?`7E|uX�*.�W:_s? W�a, 3mX�*tA_[X7E.Ss? (ek`;XwtX�<IXt/�!)&&�DH�".[� 1 Proto IXt/�!)&&�X�*:_[?*0�|u; y#, [?*0�EX�*:_L
Proto IXt/�!)&&�X�*:_.V� 1) 7 C L Proto IXt/�!)&&�X�*:_, six 4 !m_L�gX�%)&X�*:_, � ∀Ak ⊂ B t C (Ak) ⊂ P l ↑ (Ak), � P l ↑ (

⋃

k Ak) ⊂ C (
⋃

k Ak). 
�� P l Xg,
⋂

k P l ↑ (Ak) ⊂ P l ↑ (
⋃

k Ak). wLt,
⋂

k C (Ak) ⊂
⋂

k P l ↑ (Ak) ⊂ P l ↑ (
⋃

k Ak) ⊂ C (
⋃

k Ak), ` C [?*0�E.

2) 7�*:_ C [?*0�E, � ∀x, y ∈ B � x ∈ P l ↑ (B), L�<\ Ay ⊂ B [? y ∈ Ay �
x ∈ C (Ay)(��, x /∈ P l ↑ (B)), wL x ∈

⋂

y∈B C (Ay) ⊂ C
(

⋃

y∈B Ay

)

= C (B). jH P l ↑ (B) ⊂ C (B),` C [?�%(/, k��	U 1, C L`�t/�!)&&�X�*:_.
l7 C L`�� Proto IXt/�!)&&� R X�*:_, � C ⊂ R ↑, o_L�`�\C
B = {x1, x2, · · · , xn} [? x1RBx2RB · · ·RBxnRBx1. wL C(B) ⊂ R ↑ (B) = ∅, {�*:_X “�” E!7 |C (B)| ≥ 1 3^m. jH C L Proto IXt/�!)&&�X�*:_.{ ProtoI3�, (e7 2A 3 -�I�*IXt/�!)&&�X�*:_��[?*0�AY0�|u^�0�|u, Sy62, [?�;|uX:_�#`km�I�*IX)&&�.[� 2 �IXt/�!)&&�X�*:_�[?*0�AY0�|u.V� M C L�IXt/�!)&&� R X`*�*:_, � C #[?Y0�|u, `L�\C
C (B) ⊂ A ⊂ B, }� x ∈ A A x ∈ C (A), S x /∈ C (B). v C = R ↑, jH x ∈ R ↑ (A) � x /∈ R ↑ (B), `L� y1 ∈ B [? y1RBx.'4 y1 ∈ A, o_ y1RAx, �{ x ∈ R ↑ (A) ^m. jH y1 /∈ A, � y1 /∈ C (B) = R ↑ (B)(C (B) ⊂ A).wL, �L� y2 ∈ B [? y2RBy1RBx, vs�IXF_E(W y2RBx. ��H}v(`$	7(�, �#�`�\C D = {y1, y2, · · ·} ⊂ B [? yk+1RByk (�- k = 1, 2, · · ·) A yk+1RDyk. '4 B L`�t/\, �H	76:V℄ i $���^, H�mt yi ∈ C (B) A yi /∈ A, �{ C (B) ⊂ A ^m; '4 B L`��/\, � C (D) ⊂ R ↑ (D) = ∅ {�*:_X “�E” !7^m, k�*:_ C �[?Y0�|u.L�, ��7 1 A�IXg, C _[?*0�|u.[� 3 *IXt/�!)&&�X�*:_�[?�0�|u.V� M C L`*IXt/�!)&&� R X`*�*:_, � C #[?�0�|u, `L�\C
A ⊂ B [?}� x ∈ C (B)∩A A y ∈ C (A) S y /∈ C (B). j� C = R ↑, jHt x ∈ R ↑ (B)�y /∈ R ↑ (B)A y ∈ R ↑ (A), ` yRBx A xRAy, wL xRBy, �t y(RB)0x. H�, P�L�`�}� z ∈ B [?
zRBy(RB)0x. sw R L*I, `[?�F_E, m_�[?|/F_E, jH zRBx, wL x /∈ C (B), �{
x ∈ C (B) ^m. k C �[?�0�|u./e7 1 ) 3 �hH,/4t�<IXt/�!)&&�X�*:_XL�E^�7Et�. �-,7 1 L>\|u, o7 2 A 3 L�\|u, �Lj�t/�!)&&�- A ⊂ B A xRAy ⇒ xRBy, Sy6	7L#9>X.[� 4 /℄7 1 ) 3 -Xt/�!)&&�X�*:_`	#[?Ri�X��ON��5�ONAQ`EZ|u, `

1) Ri (Contraction): A ⊂ B ⇒ C(B) ∩ A ⊂ C(A)[13];

2) Q`E (Univalence): A 6= ∅ ⇒ |C (A)| = 1[14];

3) XC�ON (Base acyclicity):
(

P b
)∗

⊂ I [8];

4) �5�ON (Separation acyclicity): (P s)
∗ ⊂ I [8].V� pX(e� 4 -<<X3)|u( h�7, �9JT./℄�0�AQ`E|uBg/l9\\��*:_[? “Ri” |u, jH[?�0�AQ`E|uX�*:_�L`/���!)&&�X`*�*:_, �yz�L1EIX�*:_ [5]. � 4 ��H��[?7 1–3 X�*:_A�<)&&�X�<, kt�<e 4 �}�XK�x X = [wxyz] �k8,



^ 2� �p, [: Yxu0�"Y +8FkB 345����7 1–3 k9t 2–4 ��K}�Xa�<�xe��H�*�4, ��a��<X(}�hH3mK:_[?A�yX|u.J� 4 -(s,, ℄ 1 D�< (kmw7 1) -X<�*�x [xy] {�0��x [xyz ], �*�X+H�<��L xR[xy]y { yR[xyz]x, yR[xyz]z, +��*�k x A y ��*�x [xy] { [xyz ] -X+H�<L#`*X, (�N�kw��*�oV x A y ��*�x [xyz ] -L#(�X. 33eX�.Pt<�x
[yz ] {�0��x [wyz ]. �� 4 X℄ 2 D�< (kmw7 2) -, �*�k<�*�x [wx ] ^�0��x
[wxy] X+H�<_L#`*X, g�(=X. �;�<#`*X�j�w “t/�!(�k`�>}�#TE�*�qQ”, _(�N� “�k`�>}�(��*�w `�>($&, E�k#X�K}�D0>�&”. jHJ���!�*X~hd$, y/e<�*�x-X�<)&$�	-V0��x-,�t(u�9)&&��y�ONEW��,#`*+H�<; SJt/�!�*$R, <�*�x-X�<)&#u	-V0��x-, �Lq/�!�*X��.N 4 4 f^KXI8bX�R�[

wx wy wz xy xz yz wxy wxz wyz xyz wxyz

Proto J [w] [y] [wz ] [x] [z] [y] [x] [wxz ] [yz ] [y] [xyz ]\�+1�}v; �zSj�ÆZ1���1��RaF�YD�PO��6�PO}v�J [w] [y] [w] [x] [x] [yz ] [xy ] [w] [yz ] [x] [xy ]\�+1��ÆZ1�}v; �zSj��1��RaF�YD�PO��6�PO}v+J [x] [y] [z] [x] [z] [yz ] [xy ] [xz ] [yz ] [xyz ] [xyz ]\�+1��ÆZ1���1�}v; �zSj�RaF�YD�PO��6�PO}v� 4 -X�<f℄H`;,B�*�x, `T�*�'�tt/�!�, lkm;}�kX�<TL�#`*E, W�alkm;}�kX�<Tj�>}�Xk(os9��. jH7 1–3 �`:h/(q2�N`;t/7EX�*D�. `$\, � 4 -X�<_(#EL`/ �,u-X “	7.�”, '℄ 1 DX�<(�N� “If w and x, then w”, “If w, x and y, then x”, ZZ. jH, ��XT�_(q2�"A�m`;�yX �,u	7:_A.�XC7E, '��E�̀ *EAL�EZ.

6 {
Jq���8ÆFX “7E#^” X#!jf(T, kt/�!�*D�D!7MwjA�", �JFNA7� 3D�t�egX~h2T�Xwt/�!�<X�*4y'BD7E�*,�/k�*4yD�X�"A!7EFN�L#�E�*X7UXC#`. ���5F�Xwj}v, �"A��H`3Xw�!Xt/7EA��7E�*-l9X.SAta, 4\�Ut:

1) ��7E(X�*Lw>� “�\C” /X “��)&&�”, �t “`6” `*E; ot/7E�kmw “<\C” /X “�%)&&�”, `t��<X`%�, �[?6 “/” `*E, �L�9�+H�<#`*X�j.

2)'4y<�*�x-X�<��4.X[	-V0��x-, �(u�9)&&��y�ONEW��,#`*, ����7E#2L`/^mWJU; SJt/7E$R, �/	-L#9>X, j��4�C(�k`�>}�#TEK�qQ,W�a>}�X�kTE�x�W��oU*�*��!#V� (<)�x/Xm;�<.

3) F/7E�*" “CNM” �9�, k#�XL, t/7E(X�*�t “4+Cr, *+[e” Xta, � “`�}��L`�}��<”X�<#u%W� “TL�℄`�}��, ℄q�}�!k#(�K” X�U, Lt/�!�*��w���!�*X`�ta.�`3=�	8�K'	q�!"�9A5T��ZK}X!"�sKu-X�*�C��rUX “t/7E” �*ta, ` “��Z��(�*��#�tt)�ZX�e�$�(;qX�oA;�t/, q�i�otD��ZX��; �$E7u�t/, �Z7o(XtXN�TE�*�yXt��yR�;�,*�,�y℄d, n5�*�X��}j”. `${#!?7M4qX��-Q}v3�C, J7E�"�s, ��XT�(mqw�sKu(�*�m_�*u�X�m, ^m_,7 &X~Z�K�{QE.
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