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Ȥ�ǰ�^~okyiƪk���kǳ�kdȤ
äťeȼäë^�~ooÜÈ�Ⱦkǳ�kdë
āäťemljj�C�

B Y�pÃ³oƨƬo�ȼǉ°ǝkăǝjj�
kǳ�YkpjT�Cǉ°ǝpdȾ�ksgo
nǊä^�ekyȼĔŸp÷Çäť�~kky
ik�CaYnpǊä^�ǲǓkȼao÷Çä
ťoksgä�Ȯ}�kklíƕƳmǲǓpȩ
Ș^�Caoc}ȼǊä^�däëäťeȼǊ
äyc~o�ŢÊ^�dŢÊäťeȼȤjǰx
��~o�Ǌäyc~o�dȤäťepȼYo
ƞjȩȘyik�kǺm�Ccdydëāäťe
pȼäëyc~o�Ⱦk{m^kkl÷Ȫoǲ

1
2

2
3

3
4

2
3

3
4

2
3

3
4

3
4

2
5

3
4

3
4

a
b

a
b a

b

!4



Ǔ~í��CYoYko�ȼdäëäťedŢ
ÊäťedȤäťedëāäťepǉ°ǝoȠ
äƳmǳũjj�kǸȡjT�C�

B x�nȼY��odäťoŎćek³Çƈő
ǲǓ�ƐȔ^�C³ÇƈőǲǓoleȼdȠä;
ÜÈepäťjǰ�^~ooÜÈkȼäťjǰ
^ȠäkoȩÏ�Ŏćyik�CY��ȘǖƳ
mȴŹjǰ^kTȼÜÈkǊäyc~oole
oksgäojǰ^~ojj�ȼȯŤƳmȴŹ
jj�qȼÑťÜÈkǰyck~ooÑťko
ȨoȩÏ�ǰyik�CY�pȼdäëäťeȼ
dëāäťeoǳũkÝȖ^�ƞpĘkk{�
YkpjT�C°ũjȼdŢÊäťeo÷Çä
ť�Ȑyā�`�kklŢÊ�ȼdȤäťep
Ȧx�ȱǅoȤ�Ĩȋk^�ƞjpdƛĢÓe
koȩȘpľkCY��oYko�ȼ³Çƈő
ǲǓodȠä;ÜÈeȼdƛĢÓepǉ°ǝkȩ
Ș^�kkm�C�

B yoyȼdäťoŎćepĕȱn��äťo
ǳũ�ŢÊ�Ĩȋkyik�pȼ³ÇƈőǲǓ
pťĠƳmǳũ�·ņkyik�ƞjŮ�om
ȝkpj�C�

Bz_ȼ³ÇƈőǲǓodƐeȼdëāeȼdƝ
ǋĝekƐȔ^�C�

B dëāäťepÚȕo�lnȼdȾ�ĵgo
näëyce~ooleȼȾ�ȤjpmsdȾ
k{ckTekëājǰ�^CǰȾjpȼdë
āengkidëā�=AQ(�pȼŨyk(gÃ²o
ȤoȨnj�ȩÏ�ǰ^CÌmqȼȗxpȑȯ
kŰȨoȨoȩÏCĳēƛķoǻǋo�lmƤ
Ɣmlpj�Cekyik�C³ÇƈőǲǓo
dëāepȼëā�ǰ�^äťȺŵƨťȻky

iȕxik�ojȼdëāäťekpġÜn°
ǩ^��tjpmkC�

B zcȼdƝǋĝengkiǰȾjpȼdŵƨ
ťoȩťoǷŉ�Áí^�Cekyik�CY
oÌkyiȼ6*(O(L�
.-&�jpȼƝǋĝpj�
ÇǛ�ǍďkȼÀoÇǛ�Ǎďk�ÒťȩÏj
ǰ�^~okǸȡyik�CÌmqȾȿkkl
Ȧx�ȱǅ�ȼɅkklȦx�ȱǅn^�kT

not�Ó�� kyiǰ�^kyik�C�

B dƐeoǸȡpȼǰȾjpdƐ�=AQ*M�pȼ(
go¼koȍoȩÏe�Ģǝyik�CYYj
pÞÈƳnŮǽx�ikmkpȼdɇejǰx
��ƐoȩÏngkioYk�ȕxik�kǺ
m�C�

B aoc}ȼdëāedƝǋĝedƐep³Ç
ƈőǲǓkyidäťoŎćekyioäȵp
ġÜnjTmkCY�pȼ³ÇƈőǲǓpäť
oǳũjpmsȼǰƧyik�ťĠƳmǲǓ�
Ĩȋkyiäȵyik�c}jj�C�

B Ƌnȼǉ»ǝpdĊkyiǰ�^Cekkl
~ojj�ȼY�pdäťoŎćejpdĊä
ťepjc�CY�pȼ³ÇƈőǲǓkyi~
dĊekyin�ȼă]Ŏćākjj�kǡm
���C�

B Ã²oƞo�ȼŒpđoţƾųoǽȕ�¤�
ª����ƪkiǽȕ^�kTȼaoťĠƳĖ
ťŌoȲƴpȼ=9�o³ÇƈőǲǓ�ƪkiǽȕ
^�Ykn��ȼŒpđjƪk��ik�dä
ťoŎće�Ć�jk�CayiȼYoYko
�ȼťĠƳĖťŌ�dȠä;ÜÈeȼdƛĢÓeȼ
dƐeȼdëāeȼdĊeȼdƝǋĝeȼdĪ

2
3
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ťe�ƪk�YkpěĿjj�kǡm�CY�
pĐȿ�ùǡkyik�pȼdȠä;ÜÈe�ť
ĠƳĖťŌním�ƞpȼĐɀoǸȡ�ùǡk
yik�C�

�Fo|nr`xT_qb9*kJi+�

B ƸǶƳĖťŌ~ăƉnūŸoţƾųk=9�o
!(TQBMM,o� ��koȝkpǰ��kTȼbÞ
ÈƢcnÉ�ƪk�opęTsưmfis�C�

B ƸǶƳĖťŌ�ǰyik�~opȼ¤�ª�
��Ɉ
.-)ɉjodȯŤoȴŹeȼdÿǋoȘ
ǖoȴŹeȼdȘǖoȴŹoǸȡejj�C
2(FO�(Q�A-��
.-)�jpȼdȯŤoȴŹepbÞ
ÈƢcpȯŤƳm~oȼÌmp��¢Ⱥ��¬
�®�Ȼ�����®�¬jj�CdȘǖoȴ
ŹepȦx�ȱǅoj�~okyik�pȼ¸
nȦx�·ņkyiǡmin�ťƵǘ����®
«ƃȼ×®¢Đmlpa�nĿc�Cdÿǋo
ȘǖoȴŹejp÷ÇjęTx�ǰyc�^�
ojȼă]ŀjmsi~ƝǋjȱǅoÓ�ƒ}
�Ykn��ŕlYkpjT�~o�klCȱ
ǅĐjjfc�ȼưm�ŀo��«�Ɲǋjƒ
}�YkpjT�kklƞjp�©¡ml~Ŀ
ipz�C�

zcȼĐɀjpȼ^jnbÞÈƢc�Ȳƴky
iǽÛyik�C�

ŒpđoţƾųȺČŽȶ(&
)Ĵķ� ƱǯȻjƪk
���bÞÈƢcpȼƌũŀoǒȼȦũŀoǒȼ
×®¢Đȼ
7¤�ȼƵǘȼťƵǘȼ»ȢťƵǘȼ
ȱǅĐmlpj�CzcȼäťǧÈ�ǰ^~o
jmkkklYk�ȼ°ȠoƝǋnƣòyc~
ojj�kklƞnnkiȼYYjȕx�bÞ

ÈƢcnpĿipz�mkpȼdȩÏĐeky
iǰyik�~opj�C�

�F cbGaBCAm.R}�2?4_qb9
jZ�

B Ã²oYk�ȒzmȼŒpđoţƾųoƣŅ
pǽȕÿǥm�ln�ª����ÊőycȺĐ
ɃȻC�

cdyY��oȓoȳĶŌpĐȿoȳĶ�~k
kyik�C�

ayiȼ�ª�¨©¥�m^ŚĩÌkyiČŽ
ȶoţƾųoßĤ�ƪkiǯmfcCaoǕž
�~kkyȼĠǟȚǁ�ĐƼyc~opĐɄj
j�CĐɄo·oťĞpŕ��ik�ĠĴ�ǰ
yȼƞjųo�ik�Ŕpäťo÷ÙÃėjŕ
��ik�~ojj�C�

!6
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���F_qb6{<?[jZ�

BƣŅkyiȼÃ³oƞ�ȕx�YkpjT�C
hȾiäťoĠǟpȼ(ĴƩoƌũŀ�Ȧũŀȼ
àŀoǒ�Ŗ�kklƗðo�Ûfi�CYo
ĠǟpȼäťoĠǟoäĝkäƎoȩÏ�ĠvC
aoc}YoĠǟpdȠä�ÜÈenÛ�Czcȼ
dƛĢÓejpȦxkyiȾKo×®¢�Ƶǘȼ
ťƵǘ�~knyiǡmik�C)ĴƩoĠǟj
äť�ĠǟyȼaołȼăäƎäťocyǋ­
rTǋo�ưäƎäťocyǋ­rTǋoĠǟ
ĕȱnǨ�zjƪk��ik�CY�pȼÞÈ
Ƣ�ímc�ƚ�yc�^�ŢÊn�ficy
ǋrTǋoƨǸoîtnnm�o�jj�C�

hȿiƪk��ik�bÞÈƢcpȼ×®¢Đ
�Ⱦ7¤�ĐȼƵǘȼťƵǘjj�CǊyk
äť�Ġǟ^�ĕȱjpťƵǘpƪk��i
k�pȼǐäkȖäoĠǟĕȱjpdȩÏĐe
)�pƪk��ik�C�

hɀiäť9Ŧťȼäť:ŦťoĠǟĕȱjp
×®¢ĐkťƵǘ�ƪkik�CY�pȼo
eo»ȢťƵǘoǳũngmp�Cäť9ä
ťȼäť:äťjp»ȢťƵǘkȱǅĐpƪ
k��ik�C�

hɁi»ȢťƵǘpĔƜkm�Ȥ�Ⱦnā�`
in�ȼëāoǳũ�ƪkik�c}ȼdë
āenĆz��kǺm�Cyoyȼ÷Ùky
iëā�Ġǟ^�énŕ��ik�Ykkȼ
ëāo÷ÙjpĪťp·ņƳnƪk��in
�ȼaYjpdȩÏĐepƪk��ik�C�

hɂiȱǅĐpȾ¯oĐ�ímc�ȼäëyi
k�Caoc}ȼíƕ­ƚƕkǳ�Ykpj
T�C�fiȼdƛĢÓeoǡm�ƪkik
�C�

hɃiĪťjpȼdȠä;ÜÈenjc�~op
msȼdƛĢÓeoǡmo�Ĝzfik�C
yoyȼdĪťekdƛĢÓepÑaoŵƨ
ťo³ÇƈőǲǓjj�ojȼY���ǽȕ
^�YkpjTmkCţƾųjpȼĪťkä

ťoȩȘ�^�ĕāp&�
k� �ŕlĕȱj

ťƵǘjǰx�ik�C�

hɄiȯŤƳmȴŹkyiŕfik�~opm
kCƐoĠǟĕȱjp
&K7ox]�°goȯ
ŤƢkyiǰyik�C=9�o!(TQBMM,jp
ȯŤƳmȴŹjdȠä;ÜÈeȩÏ�Ġǟ^
�ĕȱjƪk��ik�CÌmqɃÑo��

¢oleɁÑpǭpȝlkTn� jǰx��

Yk�ȼ×®¢Đjǰx�c� kƐȔ^�C�

hɅidƝǋĝepĪťÒoĠǟnȩ�fik
�kǡm���pȼĪťÒoĠǟĕȱjp×®
¢ĐkťƵǘn�fi»ȢťƵǘjǰx��
bÞÈƢc�ƪkik�CzcȼYYjoĠ

ǟnpɈƝǋĝekdĪťepȢm�c}n
ǽȕjTmkCzcȼ¾Ďü�ŕfcČŽȶ
oţƾųjpdäťÒeoĠǟpŕ��ik��

。

���F 0.�917'B�""�9jZT^0T9_qb
9jZ9f��

B Únȕxc=9�o!(TQBMM,�ȼŒpđoţƾų
nƪkcokăƉnȼĠǟßĤúsȼŕ��i
k�bÞÈƢc�Ùn¤�ª���nȞňx`
cȺĐɅúsĐɆȻCcdyȼĐɃobÞÈƢc
kpưm�~o�ƪkik�c}n¤�ª��
�nÛ�Ȳƴ~ưmfik�C!(TQBMM,(&
)n
ȩyipĐɅȼ!(TQBMM,(&&.nȩyipĐɆj
Ƽyik�C!(TQBMM,pĠǟßĤjj�� �
�wknät��in�ȼĐ·nǽÛycƯĀ
p� ��nÁt��cƯĀjj�ȼYoȳƯ
jĠǟx��C� ��kpȼ
ŰȨƏoŜƆo
ßĤjj�ȼĠǟo·joƗð�ȼƪk�ÞÈ
ƢȼţĲo�¦¬�mlpųo�ik�CYo
ĠǟßĤúsbÞÈƢcn�fi¤�ª���
nȁĿ^�CÌkyiȼ!(TQBMM,(&
)o� �
�ɀȺĐɅ·o<nȁĿȻk!(TQBMM,(&&.o�
 ��(&ȺĐɆ·o]nȁĿȻ�ju�C
!(TQBMM,(&
)o� ��ɀjpȼäƎpɁÃ²
oäťngkiȼäťàȺ�OACQ*ML� 3*OC-(ɇĐ
ȾȽjƪkik�~oȻ�ƪkidÜÈoöä

njc�~op� e�dÜÈ�Ƀgnätik

�Ⱦgo~o�� e�ȼbÞÈƢckäťoĄ

ƿ�Ǖsgt�Ġǟ�ǾĢyik�C�

YoYko�ȼĐɅo<pťĠƳĖťŌodȠ
ä;ÜÈekƸǶƳĖťŌodäťàenȁĿ^
�kǺm�C�

zcȼ!(TQBMM,o� ��(&jpȼ»ȢťƵǘ
�ƪkiȼäťkŦťootǋoċȴ�ǯmf
ik�CdȾŰȨØskȹȾɅń�YkpjT

�C � ŰȨØskks�ń�YkpjT�

1
10

2
3

2
3

1
2

1
6

5
6
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oCekklċȴ�ȹȾɅnĿc�Ƞä�Ⱦk
yȼ»ȢťƵǘjǰyik�CYoċȴjpȼ
dȾk{m^ekklëākyiǳik�kk
lƞjȼĐɆo]pd»ȢťƵǘekdëāe

nȁĿ^�kkm�CYo!(TQBMM,oĨȋpȼ
(&
)ĴpæŶoĠĴjŕ���ßĤjj�ȼ(&&.
Ĵo~opȼaoǖToĠĴ�Ĩȋkyiŕ�
�ik�CŸǄjpYo(go!(TQBMM,kŒpđ

!8
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oţƾųjoǍďp°ǩ^�ojȼYoȿg�
ƪkiǽȕ^�Ccdyȼ!(TQBMM,jploĠ
ĴjŕlkklYk�Ůƻnǽȕyikmkc
}ȼĠĴwkoǰǽpǯm_ȼĐ·oƯĀp�
 ��oƯĀjj�CĐɆo·jȼƯĀomk
=ȼ[ȼ?mlpbÞÈƢc�ŕ�_ȼǽĀâ
ƨ�ƴƳkyik�CcdyȼǽĀâƨ�ǯl
Țǁja�zjĠǟjƪkibÞÈƢcpĔk
mfik�Czcȼă]ƯĀpǱťj�ĕāpȼ
Ⱦgo� ��jǱťobÞÈƢc�ƪkik
�ĕājj�C�

B ¤�ª����Êő^�ȭnȼŒpđk=9�j
pbÞÈƢcp°ǩymkȺɈȠä;ÜÈɉkȘ
ǖoȴŹjpȼŒpđoţƾųjpƌũŀ­Ȧ
ũŀoǒjj�pȼ=9�o~opȼäťàjj�
c}ȼĐɃjpmsȼbÞÈƢc�Û�Ŵmc
~oƪkik�C�

Ūn²ohɄij~śuc~okăƉȼŒpđ
oţƾųoŚĩ×ąȺĐɄȻkƐȔ^�kÃ³
oƣŅpŮ�onmfcC�

B hɄijȕxcŒpđnpȯŤƳmÞÈƢ�
ƪkcäťoĠǟpx�ikmkƞ�ŚšycC

B zcȼ=9�o!(TQBMM,jpȼȾgoťƵǘ²o
ƞkyioť�ȦxnäťÒyȼťƵǘ²oƞ
oť�Ȧx�ƒ}�kkldƝǋĝeoǲǓ�
Ć|Ġǟ~ǯmfik�C�

B =9�pĩÛnäťà�ƪkik�Cayiȼă
Óäť�ȼęĪƐȔmlpŒpđoŚĩȳkƐ
ȔyiŬkƍȬjǯ��ik�kklƞjȝk
pǳ���C�

B Œpđjpäťo÷Ȫn»ȢťƵǘ�ȱǅĐ
�ƪkik�pȼ!(TQBMM,jpäťà~ƪki
k�CY�pȼ=9�päťàn��ȼíƕŌȼă
ÓŌmloĠǟnŵïmÞÈƢkyik�o�
jj�C�

B x�nȼ=9�pǳǅ�kyi� �£¬�¤®�

nƪkiȼęĪƐȔ�ǯlĠǟ~� ��ní

mik�CÌmqȼ� k� oęĪȩÏ�Ɛx�

kTnȼ� k� jpȼ� oũpęTsȼ� k� j

pȼ� oũpĪxkȼ�fi� k� jp� oũp

ęTkk^��lmĕȱml�ōĢyik�C
ȺĐȾȽȻCYoĠǟĕȱj~äťà�ƪki
k�C�

B Y��oĠǟnnkiȼäťà�·ņnƗƪ
yik�ƞjpȦũŀ�ƌũŀoǒmlo�×®
¢ĐȼťƵǘkǀǯ^�×ąoŒpđkoȝk
pȃ}���C�

�F/]=8�e2?4~���

B Ÿƺǆjpȼ�ª�¨©¥oƣŅ�Ů�on
^�ťĠƳĖťŌngkiȼ=9�o¤�ª���
oĖȟȼ³ÇƈőǲǓoǸȡȼƝǋkoȩÏ�
ǡŐyȼťĠƳĖťŌnjipz�Ȳƴngk
kiŦƨycCzcȼūŸodäťoŎćek
=9�oťĠƳĖťŌ�ƐȔycC�

ăŰnȼŒpđoţƾųnnkiƪk��ik
�ÞÈƢ�ƸǶƳĖťŌkyiƪki¤�ª�
��nȞňycCY�n��ȼŨyk¤�ª�
���ń�YkpjTcȺĐɃȻCY�n��ȼ
Œpđoţƾųk=9�oÊőyc!(TQBMM,�¤�
ª���nȞňx`�Ykpÿǥjj�Ykkȼ
ƣŅ�Ů�on^�Ykpÿǥjj�Yk�Ƽ
ycC�

Y��oƣŅ�Ů�on^�Ykn��ȼêƋ
Ƴn=9�kŒpđoĠǟȚǁo×ąoȝk~ks
goŮ�on^�YkpjTcCYoȝk�Ů
�on^�Ykn��ȼaoȝk�~knȼ¾
łoŚĩoßĤ�ȳĶŌ�Ǿǻ^�Yk�ȀÎ
^�Yknƪk�YkpŶŁx��C�

B yoyȼ¤�ª���jŮ�onmfc×ą
�ȀÎyȼĠǟŚĩnûůx`�zjpǨfi
kmkkklƞp¾łoȆȴkm�C�

g�


Ȼ!(TQBMM,�dţƾųekǿyikmkopȼ
=9�oȧƱyc!(TQBMM,npȼ� ��joƗð
�ȼŚĩoƮŎƞpųo�ik�c}ȼŚĩų
kyioÕȱpľsȼŃŻoŒpđoţƾųk
póç^�c}jj�C�

(�ŸȈŧjȕx�bÞÈƢckpȼ×®¢�ǒȼ
��¢mlo�lmģȭnǹ��YkojT�
~ooÀnȼ×®¢Đ�ťƵǘmlo§�«Đ
~Ć}c~ojj�C�

)ȻȩÏĐpȼ=9�oƸǶƳĖťŌoźÄnĿi
pz�mkƞkȼbÞÈƢcoŌȍ²ȼƝǋo
ƓĢ^�c}o~ojj�k^�kȼŪnȩÏ
pŮ�onmfclmjƪk���ȩÏĐng
kipȼŸǄjpbÞÈƢckŕ�mkYkk
^�C�

mwYmak�

ȎǞõȸ­þȌŭ°­éƫȫ°­ƄǴƹƭ
Ⱥ
.�
ȻdŨǋťţǣȉĸB ǉ°ıťkǻ
ǋeĂȣųœ�

Įýĺ­·ĭÔ±­·ȣŭ­øļț�
.�.�dǋ
ťţǣƧÂòÜų� ɀťkǻǋ;äť­ĪťǙ
;eȥĝųœ�

þǮŊ�
.,-�däťoŎćeȼŨykǋťƺǆȼ
żƖȶãơƽȼNN�(;��

ƙƑȰƘ­ǬȏÐ¿ȼyo�(&
)�d�s�sǋ
ťeƀĻÅƽŨǪãơƽČŽȶ�

Ʀŷǝ°�(&

�dThe Rational Number Projecto
ĖȟkȆȴ;aoƨȈſǔ{nƟƞ�jii

1
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3
2

1
4

3
2

1
2

3
2

1
4

1
2

1
4

3
2

1
4

3
2
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