2˘D A+ Σ Π 56ȷ + ¨ Σ AWȷ Π 5 ȷ 6 + Σ Π # ȷ ¨ VΣ + WΣ ` w, 5

2˘D˘� B, Π , + Σ w A+ Σ Π 56ȷ + ¨ Σ AWȷ Π 5 Frqvlghu d glvfuhwh2frqwlqxrxv udqgrp yduldeoh ♭ z lwk udqj h ♭ dqg suredelolw— glvwulexwlrq gh0 vfulehg e— p dvv2sgi i_f / rufgi I_f 1Vxssrvh j lvd uhdo0ydoxhg ixqfwlrq z krvh grp dlq lqfoxghv♭ / dqg vxssrvh wkdw j = ^ ∗↔ ^ ı ¬∗↔ ȷ Wkhq ♮ @j +♭ , lv dovr d udqgrp yduldeoh dv ♮ lv d ixqfwlrq iurp fl wr U1 I ru D ≥ U/ wkh hyhqw ^♮ ▽ D‘ lv dq hyhqwlq whup vri wkh wudqvirup hg yduldeoh ♮ 1 Li i_t lvwkh p dvv2ghqvlw— ixqfwlrq iru ♮ / wkhq

S^♮ ▽ D‘ @ ⋃ ⇁MΦ i_t +ȷ , ♮ glvfuhwh ⊎ Φ i_t +ȷ ,gȷ ♮ frqwlqxrxv Z h z lvk wr ghulyh wkh suredelolw— glvwulexwlrq ri udqgrp yduldeoh ♮ ¿lq rughu wr gr wklv/ z h ffluvw frqvlghuwkh lqyhuvh wudqvirup dwlrq j^{∋ �} iurp ♮ wr ♭ ghfflqhg iruvhwD ≥ ♮ +dqg iruȷ ▽ ♮ , e— j^{∋ �}+D, @⟩ ı ▽ ^ =j +ı, ▽ D| j^{∋ �}+ȷ , @⟩ı ▽ ^ =j +ı, @ȷ | wkdwlv/ j^{∋ �}+D, lvwkh vhwri srlqwvlq ♭ wkdwp ds lqwr D/ dqg j^{∋ �}+ȷ , lvwkh vhwri srlqwvlq ♭ wkdw p ds wr ȷ / xqghuwudqvirup dwlrq j 1E— frqvwuxfwlrq/ z h kdyh S^♮ ▽ D‘@S^♭ ▽ j^{∋ �}+D,‘ dqg khqfh ^♮ ▽ D‘ dqg ^♭ ▽ j^{∋ �}+D,‘ duh ht xlydohqwhyhqwv1

Frqvlghuffluvwwkh fgi ri ♮ / I_t / hydoxdwhg dwd srlqwȷ ▽ U1Z h kdyh

I_t +ȷ , @S^♮ ⪰ ȷ ‘ @Sĵ +♭ , ⪰ ȷ ‘@ ⋃ ϱMΦ ⇁ i_f +ı, ♭ glvfuhwh ⊎ Φ_⇁ i_f +ı,gı ♭ frqwlqxrxv

z khuh D_⇁ @⟩ı ▽ ^ =j +ı, ⪰ ȷ |1 Wklv uhvxowjlyhv wkh ˙ffluvwsulqflsohv%dssurdfk wr frp sxwlqj wkh glvwulexwlrq ri wkh qhz yduldeoh=wkh dssurdfk fdq eh vxp p dul˝hg dviroorz v= ⊆ frqvlghuwkh udqjh ^ ri wkh qhz yduldeoh ⊆ frqvlghuwkh fgi I_t +ȷ ,¿ vwhs wkurxjk wkh duj xp hqwvdviroorz v I_t +ȷ , @S^♮ ⪰ ȷ ‘@Sĵ +♭ , ⪰ ȷ ‘ @S^♭ ▽ D_⇁‘ Qrwh wkdwlwlvxvxdoo— d jrrg lghd wr vwduwz lwk wkh fgi/ qrwwkh sp i rusgi1

Riwhq/ wkh vhwlvD_⇁ lv hdv— wr lghqwli— irud j lyhq ȷ / wkdwlv/ I_t +ȷ , @Sĵ +♭ , ⪰ ȷ ‘ @Sî_� ⪰ ♭ ⪰ ı_2‘ z khuh ı_� dqg ı_2 ghshqg rq ȷ dqg j ruj^{∋ �}1Wkh p dlq remhfwlyh lvwkhuhiruh wr lghqwli— wkh vhwD_⇁1

5181 WUDQVI RUP DWLRQVRI UDQGRP YDULDEOHV 58

X (radians)

Y = c os (X )

0 1 2 3 4 5 6 -1 .0

-0 .5

0. 0

0. 5

1. 0 y x1 x2

Transformation: Y=sin(X)

I lj xuh 516=Frp sxwdwlrq ri D^⇁ iru♮ @vlq♭

H–dp s oh 51814 Vxssrvh wkdw♭ lvd frqwlqxrxv udqgrp yduldeoh z lwk udqjh ^ ≤ +3>5τ, z krvh sgi i^f lvfrqvwdqw i^f +ı, @ 4 5τ 3 ⋆ ı ⋆ 5τ dqg ˝hur rwkhuz lvh1 Wklvsgi kdvfruuhvsrqglqj frqwlqxrxvfgi

I^f +ı, @ ı 5τ 3 ⋆ ı ⋆ 5τ Frqvlghuwudqvirup hg udqgrp yduldeoh

♮ @vlq♭

Wkhq wkh udqjh ri ♮ / ^ lv^∗ 4>4‘/ exwwkh wudqvirup dwlrq lv qrw4041 Krz hyhu/ iurp ffluvw sulqflsohv/ z h kdyh

I^t +ȷ , @S ^♮ ⪰ ȷ ‘@S v̂lq♭ ⪰ ȷ ‘

Qrz / e— lqvshfwlrq ri I ljxuh 516>z h fdq hdvlo— lghqwli— wkh uht xluhg vhwD^⇁ =lwlvwkh xqlrq ri wz r glvmrlqwlqwhuydov

D^⇁ @^3>ı^�‘∧ î^2>5τ‘ @ ⌋ 3>vlq_{∋ �} ȷ ⌈ ∧ ⌋ τ ∗ vlq_{∋ �} ȷ >5τ ⌈ vr wkdw

I^t +ȷ , @S v̂lq♭ ⪰ ȷ ‘@S ^♭ ⪰ ı^�‘. S ^♭ ∼ ı^2‘ @⟩S ^♭ ⪰ ı^�‘| . ⟩4∗ S ^♭ ⋆ ı^2‘| @ ⟩ 4 5τ vlq_{∋ �} ȷ / . ⟩ 4∗ 4 5τ ] τ ∗ vlq_{∋ �} ȷ ⌊/ @ 4 5 . 4 τ vlq_{∋ �} ȷ

59 FKDSWHU 51 UDQGRP YDULDEOHV) SUREDELOLW“ GLVWULEXWLRQV

X (radians)

T = ta n( X )

0 1 2 3 4 5 6 -1 0

-5

0

5

10

t

x1 x2

Transformation: T=tan(X)

I lj xuh 517=Frp sxwdwlrq ri D_ȷ iruW@wdq♭

dqg khqfh/ e— glffihuhqwldwlrq

i_t +ȷ , @ 4 τ 4 √ 4∗ ȷ^2

H–dp s oh 51815 Frqvlghuwudqvirup hg udqgrp yduldeoh W@wdq♭ Wkhq wkh udqjh ri ♮ / WlvU/ exwwkh wudqvirup dwlrq lvqrw4041 Krz hyhu/ iurp ffluvwsulqflsohv/ z h kdyh/ iruwA 3 I_A+w, @S Ŵ⪰ w‘ @S ŵdq♭ ⪰ w‘ I ljxuh 517 khosvlghqwli— wkh uht xluhg vhwD_ȷ =lq wklvfdvh/ lwlv wkh xqlrq ri wkuhh glvmrlqwlqwhuydov

D_⇁ @^3>ı_�‘∧ î_�>ı_2‘∧ ⌋ 6τ 5 >5τ ⌈ @ ⌋ 3>wdq^{∋ �} w ⌈ ∧ ⌋ τ>τ . wdq^{∋ �} w ⌈ ∧ ⌋ 6τ 5 >5τ ⌈

+qrwh/ iruydoxhvri w⋆ 3/ wkh xqlrq z looeh ri rqo— wz r lqwhuydov/ exwwkh fdofxodwlrq surfhhgv lghqwlfdoo— , vr wkdw

I_t +ȷ , @S ŵdq♭ ⪰ ȷ ‘ @S ^♭ ⪰ ı_�‘. S î_� ⪰ ♭ ⪰ ı_2‘. S ⌋ 6τ 5 ⪰ ♭ ⪰ 5τ ⌈

@ ⟩ 4 5τ wdq^{∋ �} w / . 4 5τ ⟩ τ . wdq^{∋ �} w∗ τ | . 4 5τ ⟩ 5τ ∗ 6τ 5 / @ 4 5 . 4 τ wdq^{∋ �} w

dqg khqfh/ e— glffihuhqwldwlrq

i_A+w, @ 4 τ 4 4. w^2

5181 WUDQVI RUP DWLRQVRI UDQGRP YDULDEOHV 5:

2˘D˘2 �´� A+ Σ Π 56ȷ + ¨ Σ AWȷ Π 5

Wkh p dsslqj j +♭ , lvd ixqfwlrq ri ♭ iurp ♭ z klfk lv404 dqg rqwr ♮ li/

+l, iruhdfk ı ▽ ♭ / wkhuh h–lvwv rqh dqg rqo— rqh ȷ vxfk wkdwȷ @j +ı,/ dqg

+ll, iruhdfk ȷ ▽ ♮ / wkhuh h–lvwvdq ı ▽ ♭ vxfk wkdwj +ı, @ȷ 1

Wkh iroorz lqj wkhruhp j lyhvwkh glvwulexwlrq iruudqgrp yduldeoh ♮ @j +♭ , z khq j lv4041

WKHRUHP

Ohw♭ eh d udqgrp yduldeoh z lwk p dvv2ghqvlw— ixqfwlrq i^f dqg vxssruw^ 1Ohwj eh d 404 ixqfwlrq iurp ^ rqwr ^ z lwk lqyhuvh j_{∋ �}1Wkhq ♮ @j +♭ , lvd udqgrp yduldeoh z lwk vxssruw^ dqg

Glvfuhwh F dvh =Wkh p dvvixqfwlrq ri udqgrp yduldeoh ♮ lvjlyhq e— i^t +ȷ , @i^f +j_{∋ �}+ȷ ,,ȷ ▽ ♮ @⟩ ȷ ⇕i^t +ȷ , A 3|

/z khuh ı lvwkh xqlt xh vroxwlrq ri ȷ @j +ı, +vr wkdwı @j_{∋ �}+ȷ ,,1

F r qwlqxr xv F dvh =Wkh sgi ri udqgrp yduldeoh ♮ lvj lyhq e— i^t +ȷ , @i^f +j_{∋ �}+ȷ ,, \ \g gw ⟩ j_{∋ �}+w, | ȷ’ ⇁ \ \ ȷ ▽ ♮ @⟩ ȷ ⇕i^t +ȷ , A 3| z khuh ȷ @j +ı,/ surylghg wkdwwkh ghulydwlyh g gw ⟩ j_{∋ �}+w, | lvfrqwlqxrxvdqg qrq0˝hur rq ^ 1

SURRI

Glvfuhwh fdvh=e— gluhfwfdofxodwlrq/ i^t +ȷ , @S^♮ @ȷ ‘ @Sĵ +♭ , @ȷ ‘@S^♭ @j_{∋ �}+ȷ ,‘@i^f +ı, z khuh ı @j_{∋ �}+ȷ ,/ dqg khqfh i^t +ȷ , A 3 ⇓ ⇔ i^f +ı, A 31

F r qwlqxr xv fdvh=ixqfwlrq j lvhlwkhu+L, d p rqrwrqlf lqfuhdvlqj/ ru+LL, d p rqrwrqlf ghfuhdvlqj ixqfwlrq1

Fdvh +L,=Li j lvlqfuhdvlqj / wkhq iruı ▽ ^ dqg ȷ ▽ ^ / z h kdyh wkdw j +ı, ⪰ ȷ ⇓ ⇔ ı ⪰ j_{∋ �}+ȷ ,/ Wkhuhiruh/ iruȷ ▽ ^ /

I^t +ȷ , @S^♮ ⪰ ȷ ‘@Sĵ +♭ , ⪰ ȷ ‘ @S^♭ ⪰ j_{∋ �}+ȷ ,‘ @I^f +j_{∋ �}+ȷ ,, dqg/ e— glffihuhqwldwlrq/ ehfdxvh j lvp rqrwrqlf lqfuhdvlqj/ i^t +ȷ , @i^f +j_{∋ �}+ȷ ,, g gw ⟩ j_{∋ �}+w, | ȷ’ ⇁ @i f +j ∋ �+ȷ ,, \ \g gw ⟩ j_{∋ �}+ȷ , | ȷ’ ⇁ \ \ dv g gw ⟩ j_{∋ �}+w, | A 3/

5; FKDSWHU 51 UDQGRP YDULDEOHV) SUREDELOLW“ GLVWULEXWLRQV

Fdvh +LL,=Li j lvghfuhdvlqj/ wkhq iruı ▽ ^ dqg ȷ ▽ ^ z h kdyh j +ı, ⪰ ȷ ⇓ ⇔ ı ∼ j^{∋ �}+ȷ , Wkhuhiruh/ iruȷ ▽ ♮ /

I_t +ȷ , @S^♮ ⪰ ȷ ‘ @Sĵ +♭ , ⪰ ȷ ‘@S^♭ ∼ j^{∋ �}+ȷ ,‘@4∗ I_f +j^{∋ �}+ȷ ,, vr

i_t +ȷ , @∗ i_f +j^{∋ �}+ȷ ,, g gw ⟩ j^{∋ �}+ȷ , | @i_f +j^{∋ �}+ȷ ,, \ \g gw ⟩ j^{∋ �}+w, | ȷ’ ⇁ \ \ dv g gw ⟩ j^{∋ �}+w, | ⋆ 3/

Ghfflqlwlr q 51814 Vxssrvh wudqvirup dwlrq j =♭ ∗↔ ♮ lv404/ dqg lvghfflqhg e— j +ı, @ȷ iru ı ▽ ♭ 1Wkhq wkh Mdfr eldq ri wkh wudqvirup dwlrq/ ghqrwhg M+ȷ ,/ lvj lyhq e—

M+ȷ , @ g gw ⟩ j^{∋ �}+w, | ȷ’ ⇁ wkdwlv/ wkh ffluvwghulydwlyh ri j^{∋ �} hydoxdwhg dwȷ @j +ı,1Qrwh wkdwwkh lqyhuvh wudqvirup dwlrq j^{∋ �} =♮ ∗↔ ♭ kdv Mdfreldq 4∂M+ı,1

Qr wh =Wklvlvsuhflvho— wkhvdp hwhup wkdwdsshduvdvd fkdqj hri yduldeohwhup lq dq lqwhj udwlrq1

Qr wh =Wr frp sxwh wkh h–shfwdwlrq ri ♮ @j +♭ ,/ z h qrz kdyh wz r dowhuqdwlyh p hwkrgvri frp sxwdwlrq¿z h hlwkhufrp sxwh wkh h–shfwdwlrq ri j +ı, z lwk uhvshfwwr wkh glvwulexwlrq ri ♭ / ru frp sxwh wkh glvwulexwlrq ri ♮ / dqg wkhq lwv h–shfwdwlrq1 Lwlvvwudljkwiruz dug wr ghp rqvwudwh wkdwwkh wz r p hwkrgvduh ht xlydohqw/ wkdwlv

H_{sf} ĵ +♭ ,‘ @H_{st} ^♮ ‘

Wklv uhvxowlvvrp hwlp hvnqrz q dvwkh Odz ri wkh Xqfrqvflrxv Vwdwlvwlfldq1

LP SRUWDQWQRWH=Qrwh wkdwwkh dssduhqwo— dsshdolqj ˙soxj 0lq%dssurdfk wkdwvhwv i_t +ȷ , @i_f ] j^{∋ �}+ȷ , ⌊ z loodop rvwdoz d— vidlodvwkh Mdfreldq whup p xvweh lqfoxghg1 I ruh–dp soh/ li ♮ @h^f vr wkdw♭ @orj ♮ / wkhq p huho— vhwwlqj i_t +ȷ , @i_f +orj ȷ , lv lqvxȷ flhqfw/ — rx p xvwkdyh

i_t +ȷ , @i_f +orj ȷ , ⋄ 4 ȷ

5191 J HQHUDWLQJ I XQFWLRQV 5¡

2˘S B, Π , + Σ AWΠ B 6NΠ ß AWȷ Π 5

2˘S˘� ¨ ȷ ¨ , Π A B, Π , + Σ AWΠ B 6NΠ ß AWȷ Π 5

Ghfflqlwlr q 51914 I ruudqgrp yduldeoh ♭ z lwk p dvv2ghqvlw— ixqfwlrq i^f / wkh p r p hqwj hqhudwlqj ixqfwlr q/ rup j i/ ri ♭ / P^f / lvghfflqhg e—

P^f +w, @H^{sf} ĥ_{ȷf} ‘ li wklv h–shfwdwlrq h–lvwv irudooydoxhv ri w▽ +∗ k>k, iruvrp h k A 3/ wkdwlv/

GLVFUHWH FDVH P^f +w, @ ⋃ ϱM^ h_{ȷϱ}i^f +ı,

FRQWLQXRXVFDVH P^f +w, @ ⊎ ϱM^ h_{ȷϱ}i^f +ı,gı

Qr wh =Lwfdq eh vkrz q wkdwli ♭^� dqg ♭^2 duh udqgrp yduldeohvwdnlqj ydoxhvrq ♭ z lwk p dvv2ghqvlw— ixqfwlrqvi^{f �} dqg i^{f 2} / dqg p jivP^{f �} dqg P^{f 2} uhvshfwlyho— / wkhq i^{f �} +ı, ≤ i^{f 2} +ı,>ı ▽ ♭ ⇓ ⇔ P^{f �} +w, ≤ P^{f 2} +w,>w▽ +∗ k>k, Khqfh wkhuh lvd 404 fruuhvsrqghqfh ehwz hhq jhqhudwlqj ixqfwlrqvdqg glvwulexwlrqv= wklvsurylghv d nh— whfkqlt xh irulghqwlfflfdwlrq ri suredelolw— glvwulexwlrqv

2˘S˘2 k , v ¸ + ȷ ¸ , +AW, 5 ȷ 6 ¨ B65

+l, Li ♭ lvd glvfuhwh udqgrp yduldeoh/ wkh uwk ghulydwlyh ri P^f hydoxdwhg dww/ P_{Eoø}^f +w,/ lvjlyhq e—

P_{Eoø}^f +w, @ g_o gv_o ⟩P^f +v,|^{r’ ȷ} @ g_o gv_o ⟩ ⋃ ϱM^ h_{rϱ}i^f +ı, / r’ ȷ @ ⋃ ϱM^ ı_oh_{ȷϱ}i^f +ı, dqg khqfh

P_{Eoø}^f +3, @ ⋃ ϱM^ ı_oi^f +ı, @H^{sf} ^♭_o‘

Li ♭ lvd frqwlqxrxvudqgrp yduldeoh/ wkh uwk ghulydwlyh ri P^f lvjlyhq e—

P_{Eoø}^f +w, @ g_o gv_o ⟩ ⊎ ϱM^ h_{rϱ}i^f +ı,g^ϱ / r’ ȷ @ ⊎ ϱM^ ı_oh_{ȷϱ}i^f +ı,gı dqg khqfh

P_{Eoø}^f +3, @ ⊎ ϱM^ ı_oi^f +ı,gı @H^{sf} ^♭_o‘

63 FKDSWHU 51 UDQGRP YDULDEOHV) SUREDELOLW“ GLVWULEXWLRQV

+ll, Li ♭ lv d glvfuhwh udqgrp yduldeoh/ wkhq

P_f +w, @ ⋃ ϱM^ h^{ȷϱ}i_f +ı,

@ ⋃ ϱM^ ⟩_↑ ⋃ o’ f +wı,^o u$ / i_f +ı,

@ 4. ↑⋃ o’ � w^o u$ ⟩ ⋃ ϱM^ ı^oi_f +ı, / @4. ↑⋃ o’ � w^o u$ H_{sf} ^♭^o‘

+lghqwlfdouhvxowkrogviruwkh frqwlqxrxvfdvh,1

+lll, I urp wkh j hqhudouhvxowiruh–shfwdwlrqvri ixqfwlrqvri udqgrp yduldeohv H_{st} ĥ^{ȷt} ‘ ≤ H_{sf} ĥ^{ȷE∂f n Kø}‘@⇔ P_t +w, @H_{sf} ĥ^{ȷE∂f n Kø}‘ @h^{Kȷ} H_{sf} ĥ^{∂ȷf} ‘ @h^{Kȷ} P_f +dw,/ Wkhuhiruh/ li ♮ @d♭ . e>P_t +w, @h^{Kȷ} P_f +dw,

WKHRUHP

Ohw♭_�>///>♭_ς eh lqghshqghqwudqgrp yduldeohv z lwk p j iv P_{f �} >///>P_{f ς} uhvshfwlyho— 1 Wkhq li udqgrp yduldeoh ♮ lvghfflqhg e— ♮ @♭_� . ///. ♭_ς/

P_t +w, @ ς⋂ ζ’ � P_{f ζ}+w,

SURRI

Xvlqj wkh j hqhudouhvxowiruh–shfwdwlrqvri ixqfwlrqvri lqghshqghqwudqgrp yduldeohv/

P_t +w, @H_{st} ĥ^{ȷt} ‘@H_{sf �cνννcf ς}ĥ^{ȷEf �n νννn f ςø}‘ @ ς⋂ ζ’ � H_{sf ζ}ĥ^{ȷf ζ}‘@ ς⋂ ζ’ � P_{f ζ}+w,/

Vs hfldoF dvh =Li ♭_�>///>♭_ς duh lghqwlfdoo— glvwulexwhg/ wkhq P_{f ζ}+w, ≤ P_f +w,/ vd— / irudool/ vr

P_t +w, @ ς⋂ ζ’ �

P_f +w, @⟩P_f +w,|^ς

5191 J HQHUDWLQJ I XQFWLRQV 64

2˘S˘fi ȷ AO, + B, Π , + Σ AWΠ B 6NΠ ß AWȷ Π 5

Ghfflqlwlr q 51915 I ruudqgrp yduldeoh ♭ / z lwk p dvv2ghqvlw— ixqfwlrq i^f / wkh idfwr uldop r p hqwrus ur edelolw— j hqhudwlqj ixqfwlr q/ ip ji rusj i / ri ♭ / J^f / lvghfflqhg e—

J^f +w, @H^{sf} ŵ_f ‘@H^{sf} ĥ_{f *L˝ ȷ} ‘ @P^f +orj w, li wklv h–shfwdwlrq h–lvwv irudooydoxhv ri w▽ +4∗ k>4. k, iruvrp h k A 31

Sur s huwlhv =

+l, Xvlqj vlp loduwhfkqlt xhv wr wkrvh xvhg iruwkh p ji/ lwfdq eh vkrz q wkdw

J_{Eoø}^f +w, @ g_o gv_o ⟩J^f +v,|^{r’ ȷ} @H^{sf} ⌋ ♭ +♭ ∗ 4,///+♭ ∗ u. 4,w_{f ∋ o} ⌈

@⇔ J_{Eoø}^f +4, @H^{sf} ^♭ +♭ ∗ 4,///+♭ ∗ u. 4,‘ z khuh H^{sf} ^♭ +♭ ∗ 4,///+♭ ∗ u. 4,‘ lvwkh uwk idfwruldop rp hqw1

+ll, I ruglvfuhwh udqgrp yduldeohv/ lwfdq eh vkrz q e— xvlqj d Wd— oruvhulhv h–sdqvlrq ri J^f wkdw/ iruu @4>5>//// J_{Eoø}^f +3, u$ @S^♭ @u‘

Ghfflqlwlr q 51916 I ruudqgrp yduldeoh ♭ z lwk p dvv2ghqvlw— ixqfwlrq i^f / wkh fxp xodqwj hqhudwlqj ixqfwlr q ri ♭ / N^f / lvghfflqhg e—

N^f +w, @orj P̂^f +w,‘ iruw▽ +∗ k>k, iruvrp h k A 31

Ghfflqlwlr q 51917 Wkh fkdudfwhulvwlf ixqfwlr q/ rufi/ ri ♭ / F^f / lvghfflqhg e— F^f +w, @H^{sf} ⌋ h_{ζȷf} ⌈ li wklv h–shfwdwlrq h–lvwv iruw▽ U1 E— ghfflqlwlrq

F^f +w, @ ⊎ ϱM^ h_{ζȷϱ}i^f +ı,gı @ ⊎ ϱM^ f̂rvwı . l vlqwı‘i^f +ı,gı

@ ⊎ ϱM^ frvwıi^f +ı,gı . l ⊎ ϱM^ vlqwıi^f +ı,gı @H^{sf} f̂rvw♭ ‘. lH^{sf} v̂lqw♭ ‘