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S`27�+2

GBp2biQ+F "`22/BM; �M/ :2MQKB+b Bb � K�bi2`b +Qm`b2 i�m;?i BM i?2 AMbiBimi2 Q7 �;`B+mHim`�H a+B2M+2b �i 1h>
wm`B+?X h?2 �BK Q7 i?Bb +Qm`b2 Bb iQ BMi`Q/m+2 i?2 #�bB+ +QM+2Tib Q7 HBp2biQ+F #`22/BM; �M/ ;2MQKB+b iQ i?2
bim/2MibX

S`2`2[mBbBi2b

h?2`2 �`2 MQ 2tTHB+Bi T`2`2[mBbBi2b 7Q` i?Bb +Qm`b2X �HH `2[mB`2/ +QM+2Tib �`2 BMi`Q/m+2/ /m`BM; i?Bb +Qm`b2X
�Hi?Qm;? #�bB+ FMQrH2/;2 BM i?2 7QHHQrBM; �`2�b Bb /2}MBi2Hv ?2HT7mH 7Q` i?Bb +Qm`b2X

Ç GBM2�` �H;2#`�, "�bB+ T`QT2`iB2b Q7 �M/ #�bB+ QT2`�iBQMb rBi? p2+iQ`b �M/ K�i`B+2b
Ç ai�iBbiB+b, aBKTH2 HBM2�` KQ/2Hb �M/ H2�bi b[m�`2b
Ç _, "�bB+b Q7 ?Qr iQ rQ`F rBi? /�i� �M/ ?Qr iQ /Q bBKTH2 +QKTmi�iBQMb

:Q�Hb

h?2 7QHHQrBM; ;Q�Hb �`2 i�F2M 7`QK i?2 i2�+?BM; bvbi2K �i 1h>X h?2 bim/2Mib �`2 �#H2 iQ b2i mT /2bB;M
K�i`B+2b- i?2 �//BiBp2 ;2M2iB+ `2H�iBQMb?BT K�i`Bt �M/ Bib BMp2`b2 �b r2HH �b i?2 KBt2/ KQ/2H 2[m�iBQMb
iQ 2biBK�i2 "GlS #`22/BM; p�Hm2bX h?2 +QM+2Ti Q7 "GlS #`22/BM; p�Hm2b �`2 �HbQ 2ti2M/2/ iQ ;2MQKB+
b2H2+iBQMX �HH +QM+2Tib BMi`Q/m+2/ /m`BM; i?Bb +Qm`b2 �`2 MQi QMHv T`2b2Mi2/ /m`BM; i?2 H2+im`2- #mi bim/2Mib
�`2 2tT2+i2/ iQ rQ`F rBi? i?2 +QM+2Tib QM bK�HH 2t�KTH2 T`Q#H2KbX
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AMi`Q/m+iBQM

RXR h2`KBMQHQ;v

h?2 i2`Kb
Ç GBp2biQ+F "`22/BM; �M/
Ç �MBK�H "`22/BM;

�`2 mb2/ BMi2`+?�M;2�#Hv BM i?Bb +Qm`b2X �Hi?Qm;?- i?2 H�ii2` Bb � KQ`2 ;2M2`�H i2`K- r?2`2�b i?2 7Q`K2`
7Q+mb2b QM #`22/BM; �+iBpBiB2b BM HBp2biQ+F bT2+B2b- BX2X �MBK�Hb r?B+? �`2 ivTB+�HHv T`2b2Mi QM � 7�`K bm+? �b
+�iiH2- TB;- ;Q�i �M/ b?22TX �MBK�H #`22/BM; BM ;2M2`�H +QmH/ �HbQ BM+Hm/2 T2ib bm+? �b /Q;b Q` +�ib Q` 2p2M
xQQ �MBK�HbX "mi i?2 p2`v BMi2`2biBM; iQTB+ Q7 #`22/BM; bm+? bT2+B2b Bb QmibB/2 Q7 i?2 b+QT2 Q7 i?Bb H2+im`2
�M/ Bb i?2`27Q`2 MQi +Qp2`2/ BM i?2b2 +Qm`b2 MQi2bX
h?2 i2`K GBp2biQ+F "`22/BM; Bb bQK2iBK2b mM/2`biQQ/ �K#B;mQmbHvX AM ;2M2`�H- KQbi T2QTH2 /Q MQi
/Bz2`2MiB�i2 #2ir22M GBp2biQ+F "`22/BM; �M/ �MBK�H ?mb#�M/`vX 6`QK � b+B2MiB}+ TQBMi Q7 pB2r � GBp2biQ+F
"`22/2` Bb � T2`bQM r?Q QrMb � MmK#2` Q7 �MBK�Hb 7`QK r?B+? ?2 Q` b?2 b2H2+ib T�`2Mi �MBK�Hb �M/ mb2b
� /2bB;M2/ K�iBM; b+?2K2 iQ �+?B2p2 � +2`i�BM ;Q�H rBi? i?2 QzbT`BM; �MBK�HbX JQbi +QKKQMHv FMQrM �`2
#`22/2`b Q7 T2i �MBK�Hb bm+? �b /Q;b- +�ib Q` #B`/b r?B+? 7QHHQr BM/BpB/m�H #`22/BM; ;Q�Hb r?B+? 7Q+mb QM
bT2+B}+ T?2MQivTB+ �TT2�`�M+2 Q` QM bT2+B�H #2?�pBQ`�H i`�BibX �`QmM/ i?2 2M/ Q7 i?2 19th +2Mim`v- HBp2biQ+F
#`22/2`b ?�p2 `2�HBx2/ i?�i i?2v ?�p2 iQ rQ`F iQ;2i?2` BM #`22/BM; �bbQ+B�iBQMb iQ #2 �#H2 iQ 2z2+iBp2Hv
b2H2+i T�`2Mi �MBK�Hb 7`QK � H�`;2 #`22/BM; TQTmH�iBQM �M/ i?2`2#v �`2 �#H2 iQ �+?B2p2 KQ`2 `Q#mbi b2H2+iBQM
`2bTQMb2b BM b?Q`i2` �KQmMib Q7 iBK2X h?Bb /2p2HQTK2Mi Bb MB+2Hv /Q+mK2Mi2/ #v i?2 �`+?Bp2 Q7 arBbb
�;`B+mHim`�H ?BbiQ`v �p�BH�#H2 �i ?iiTb,ffrrrX?BbiQB`2`m`�H2X+?f�7��?`fX

RXk >BbiQ`v

GBp2biQ+F "`22/BM; �M/ :2MQKB+b �`2 irQ b+B2MiB}+ �`2�b r?B+? ?�p2 b22M bQK2 [mBi2 /`�K�iB+ +?�M;2b BM
i?2 H�bi 72r v2�`bX �b �H`2�/v K2MiBQM2/ BM i?2 T`2pBQmb b2+iBQM- GBp2biQ+F "`22/BM; bi�`i2/ Qp2` Ryy v2�`b
�;Q �M/ Bb � Km+? QH/2` /Bb+BTHBM2 i?�M :2MQKB+bX

RXkXR GBp2biQ+F "`22/BM;

AM T`BM+BTH2- GBp2biQ+F "`22/BM; /B/ 2tBbi 7Q` � p2`v HQM; iBK2 BM � `�i?2` mMbvbi2K�iB+ 7Q`KX AM/BpB/m�H
#`22/2`b �Hr�vb K�/2 +?QB+2b �#Qmi r?B+? �MBK�Hb i?2v r�Mi iQ b2H2+i �b T�`2Mib 7Q` i?2 M2ti ;2M2`�iBQM
Q7 i?2B` HBp2biQ+F ?2`/bX �++QmMib i?�i bm+? 2�`Hv �+iBpBiB2b BM GBp2biQ+F "`22/BM; ?�TT2M2/ �b 2�`Hv �b i?2
JB//H2 �;2b �`2 ;Bp2M BM U.m2`bi- RNjRV �M/ U�`M/Q`72` 2i �HX- kyRyVX "mi iQ i?2 #2bi Q7 Kv FMQrH2/;2 Bi r�b
QMHv BM i?2 b2+QM/ ?�H7 Q7 i?2 kyi? +2Mim`v i?�i i?2 �`2� Q7 GBp2biQ+F "`22/BM; K�/2 bQK2 ;`QmM/@#`2�FBM;

d
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T`Q;`2bb r?B+? bT`2�/ �HH Qp2` i?2 rQ`H/X h?Bb T`Q;`2bb r�b BMBiB�i2/ #v � `2b2�`+?2` +�HH2/ *?�`H2b _X
>2M/2`bQMX >2 �M/ ?Bb i2�K /2p2HQT2/ � bQHB/ K2i?Q/QHQ;v i?�i Bb biBHH �TTHB2/ mT iQ i?2 +m``2Mi /�vX

RXkXk :2MQKB+b

:2MQKB+b bi�`i2/ rBi? i?2 >mK�M :2MQK2 S`QD2+iX h?2 Tm#HB+�iBQM Q7 i?2 }`bi /`�7i Q7 i?2 +QKTH2i2 >mK�M
;2MQK2 Uo2Mi2` 2i �HX- kyyRV �M/ � Tm#HB+�iBQM #v UJ2mrBbb2M 2i �HX- kyyRV i?�i �TT2�`2/ BM i?2 b�K2 v2�`
K�/2 Bi TQbbB#H2 iQ BM+Hm/2 BM7Q`K�iBQM Q7 +QKTH2i2 ;2MQK2b BMiQ bi�iBbiB+�H �M�Hvb2bX
h?2 BMi`Q/m+iBQM Q7 ;2MQKB+b K2i?Q/QHQ;B2b BM i?2 �`2� Q7 HBp2biQ+F #`22/BM; +�mb2/ � b?B7i Q7 T�`�/B;KX AM
H�`;2 HBp2biQ+F #`22/BM; TQTmH�iBQMb �bbQ+B�iBQMb #2ir22M +2`i�BM ;2M2iB+ p�`B�Mib �M/ /2bB`�#H2 2tT`2bbBQM
7Q`Kb Q7 T?2MQivTB+ i`�Bib +�M #2 2biBK�i2/ mbBM; QH/2` #`22/BM; �MBK�HbX h?2 Q#i�BM2/ 2biBK�iBQM `2bmHib
+�M #2 mb2/ iQ �bb2bb i?2 ;2M2iB+ TQi2MiB�H Q7 vQmM; �MBK�Hb r?B+? /Q MQi ?�p2 �Mv T?2MQivTB+ Q#b2`p�iBQMb
�p�BH�#H2X h?Bb T`Q+2/m`2 Bb i2`K2/ ;2MQKB+ b2H2+iBQM �M/ Bi �HHQrb 7Q` b2H2+iBM; #`22/BM; �MBK�Hb �i �
Km+? vQmM;2` �;2 r?B+? b?Q`i2Mb i?2 ;2M2`�iBQM BMi2`p�HX
h?2 #�bB+ T`BM+BTH2 Q7 ?Qr �MBK�Hb �`2 b2H2+i2/ �b T�`2Mib Q7 7mim`2 ;2M2`�iBQMb /B/ MQi +?�M;2- #mi i?2
�p�BH�#BHBiv Q7 /Bz2`2Mi ivT2b Q7 BM7Q`K�iBQM �M/ i?2 �KQmMi Q7 BM7Q`K�iBQM i?�i +�M #2 mb2/ iQ �bb2bb i?2
;2M2iB+ TQi2MiB�H Q7 � b2H2+iBQM +�M/B/�i2 +?�M;2/ /`�K�iB+�HHv bBM+2 i?2 BMp2MiBQM Q7 ;2MQKB+ i2+?MQHQ;B2bX
.2bTBi2 i?2b2 `�TB/ /2p2HQTK2Mib Q7 M2r i2+?MQHQ;B2b- GBp2biQ+F "`22/2`b �`2 biBHH 7�+BM; i?2 7QHHQrBM; irQ
7mM/�K2Mi�H [m2biBQMbX

RXj 6mM/�K2Mi�H Zm2biBQMb

AM GBp2biQ+F "`22/BM; �M/ :2MQKB+b- r2 �`2 BMi2`2bi2/ BM �//`2bbBM; irQ 7mM/�K2Mi�H [m2biBQMb i?�i #Qi?@
2`2/ #`22/2`b 7Q` � p2`v HQM; iBK2X 6Q` i?Bb +Qm`b2- r2 Tmi i?2b2 irQ 7mM/�K2Mi�H [m2biBQMb BMiQ i?2 7QHHQrBM;
7Q`KX

RX q?�i Bb i?2 #2bi �MBK�H\
kX q?�i +�M #`22/2`b /Q iQ Q#i�BM i?2 #2bi �MBK�H\

h?2 i2`K #2bi Bb `2H�iBp2- #2+�mb2 i?2`2 Bb MQ #2bi �MBK�H 7Q` �HH bBim�iBQMbX �MBK�Hb i?�i b?Qr ?B;?
T2`7Q`K�M+2b BM QM2 2MpB`QMK2Mi- K�v #2 �#H2 iQ T`Q/m+2 �b Km+? BM � /Bz2`2Mi 2MpB`QMK2MiX PM2 2t�KTH2
7Q` i?�i KB;?i #2 >QHbi2BM +Qrb BM 1m`QT2 Q` LQ`i? �K2`B+� �`2 �#H2 iQ T`Q/m+2 � HQi Q7 KBHF- #mi i?2v ?�p2
/B{+mHiB2b iQ bm`pBp2 BM �7`B+�X EMQrBM; i?�i i?2 2MpB`QMK2Mi TH�vb �M BKTQ`i�Mi `QH2 7Q` HBp2biQ+F �MBK�Hb-
r2 rBHH #2 �bbmKBM; i?�i i?2 �MBK�Hb i?�i r2 �`2 b2H2+iBM;- �`2 KQ`2 Q` H2bb �/�Ti2/ iQ i?2B` 2MpB`QMK2MiX
�MBK�Hb �`2 mbm�HHv /2b+`B#2/ Q` +?�`�+i2`Bx2/ BM i2`Kb Q7 �TT2�`�M+2 Q` T2`7Q`K�M+2 Q` � +QK#BM�iBQM
Q7 #Qi?X AM �Mv +�b2- r2 rBHH #2 i�HFBM; �#Qmi i`�Bib r?2`2 �Mv i`�Bi Bb �M Q#b2`p�#H2 Q` K2�bm`�#H2
+?�`�+i2`BbiB+ Q7 �M �MBK�HX 1t�KTH2b Q7 Q#b2`p�#H2 i`�Bib �`2

Ç +Q�i +QHQ`
Ç bBx2
Ç Kmb+HBM;
Ç H2; b2i
Ç m//2` +QM7Q`K�iBQM �M/ K�Mv KQ`2X

P#b2`p�#H2 i`�Bib �`2 KQbiHv mb2/ iQ /2b+`B#2 i?2 �TT2�`�M+2 Q7 �M �MBK�HX AM +QMi`�bi iQ i?�i K2�bm`�#H2
i`�Bib �`2 KQbiHv mb2/ iQ /2b+`B#2 i?2 T2`7Q`K�M+2 Q7 �M �MBK�HX 1t�KTH2b Q7 K2�bm`�#H2 i`�Bib �`2

Ç #Q/v r2B;?i
Ç KBHF T`Q/m+iBQM
Ç T`Qi2BM �M/ 7�i vB2H/X

LQi2- Bi Bb BKTQ`i�Mi iQ /BbiBM;mBb? #2ir22M i?2 Q#b2`p2/ Q` K2�bm`2/ p�Hm2b Q7 � i`�Bi r?B+? KB;?i #2 `2/
+Q�i +QHQ` Q` 343 F; Q7 #Q/v r2B;?i �M/ i?2 i`�Bib i?2Kb2Hp2b r?B+? �`2 Dmbi +Q�i +QHQ` Q` #Q/v r2B;?iX h?2
Q#b2`p2/ Q` K2�bm`2/ p�Hm2b Q7 � i`�Bi �`2 �HbQ +�HH2/ T?2MQivT2bX

https://en.wikipedia.org/wiki/Charles_Roy_Henderson
https://en.wikipedia.org/wiki/Charles_Roy_Henderson
https://en.wikipedia.org/wiki/Human_Genome_Project


RX9X AJS_Po1J1Lh P6 �LAJ�G SPSlG�hAPLa N

RXjXR :2MQivT2b �M/ S?2MQivT2b

AM GBp2biQ+F "`22/BM; r2 �`2 K�BMHv +QM+2`M2/ rBi? +?�M;BM; �MBK�H TQTmH�iBQMb �i i?2 ;2M2iB+ H2p2HX h?2
`2�bQM r?v r2 �`2 BMi2`2bi2/ BM +?�M;BM; � TQTmH�iBQM ;2M2iB+�HHv Bb #2+�mb2 T�`2Mib /Q MQi T�bb i?2B`
T?2MQivT2b iQ i?2B` QzbT`BM;X S�`2Mib T�bb � `�M/QK b�KTH2 Q7 i?2B` ;2M2b iQ i?2B` QzbT`BM;X 6Q` 2�+?
QzbT`BM; 2p2`v T�`2Mi /Q2b i`�MbKBi � /Bz2`2Mi b�KTH2 Q7 i?2B` ;2M2bX 6`QK � ;2M2iB+ TQBMi Q7 pB2r- r2
r�Mi iQ FMQr MQi QMHv i?2 KQbi /2bB`�#H2 T?2MQivT2- #mi �HbQ i?2 KQbi /2bB`�#H2 ;2MQivT2bX 6`QK i?2
+2Mi`�H /Q;K� Q7 KQH2+mH�` #BQHQ;v U?iiTb,ff2MXrBFBT2/B�XQ`;frBFBf*2Mi`�Hn/Q;K�nQ7nKQH2+mH�`n#BQHQ;vV-
Bi 7QHHQrb i?�i �M �MBK�HǶb ;2MQivT2 T`QpB/2b i?2 ;2M2iB+ #�+F;`QmM/ Q7 T?2MQivT2bX h?2 `2H�iBQMb?BT #2ir22M
T?2MQivT2b UP V �M/ ;2MQivT2b UGV +�M #2 bmKK�`Bx2/ #v i?2 7QHHQrBM; 2[m�iBQM URXRV

P = G + E URXRV

r?2`2 E `2T`2b2Mib i?2 2MpB`QMK2Mi�H 2z2+ibX "2+�mb2 r2 r�Mi iQ +?�M;2 Qm` TQTmH�iBQMb �i � ;2M2iB+
H2p2H- r2 �`2 BMi2`2bi2/ BM i?2 2z2+i UGV Q7 2p2`v ;2MQivT2X AM KQbi +�b2b- r2 �`2 MQi �#H2 iQ /B`2+iHv Q#b2`p2
Q` K2�bm`2 GX "mi r2 rBHH b22 H�i2` QM ?Qr r2 +�M 2biBK�i2 G #�b2/ QM K2�bm`2K2Mib �M/ Q#b2`p�iBQMb Q7 P
�M/ #�b2/ QM 2biBK�i2b Q7 EX h?2 2biBK�i2b Q7 G rBHH H�i2` #2 +�HH2/ #`22/BM; p�Hm2b �M/ i?Qb2 2biBK�i2b
rBHH #2 mb2/ #v #`22/2`b �b BM7Q`K�iBQM 7Q` i?2B` iQQHb iQ BKT`Qp2 �MBK�H TQTmH�iBQMbX h?Qb2 iQQHb �`2 #2BM;
/2b+`B#2/ BM i?2 7QHHQrBM; b2+iBQMX

RX9 AKT`Qp2K2Mi Q7 �MBK�H SQTmH�iBQMb

h?2 Tm`TQb2 Q7 GBp2biQ+F "`22/BM; Bb iQ BKT`Qp2 �MBK�H TQTmH�iBQMbX PM+2 �M �MBK�H Bb +QM+2Bp2/- i?2
;2MQivT2 Bb }t2/R �M/ +�MMQi #2 BKT`Qp2/ �MvKQ`2X "`22/2`b +�M BKT`Qp2 TQTmH�iBQMb �i i?2 ;2M2iB+ H2p2H
mbBM; i?2 7QHHQrBM; irQ iQQHb

RX b2H2+iBQM
kX K�iBM;

RX9XR a2H2+iBQM

a2H2+iBQM Bb i?2 T`Q+2bb iQ /2i2`KBM2 r?B+? BM/BpB/m�Hb Q7 � +m``2Mi TQTmH�iBQM #2+QK2 T�`2Mib Q7 i?2 M2ti
;2M2`�iBQMX h?2 �TTHB+�iBQM Q7 b2H2+iBQM BM � +2`i�BM TQTmH�iBQM Qp2` � +2`i�BM iBK2 +?�M;2b i?2 �MBK�Hb
BM i?�i TQTmH�iBQM �i i?2 ;2M2iB+ H2p2HX h?2 KQbi 7�KBHB�` 7Q`K Q7 b2H2+iBQM Bb M�im`�H b2H2+iBQM r?B+?
Q++m`b BM M�im`�H �M/ rBH/HB72 TQTmH�iBQMbX L�im`�H b2H2+iBQM Bb QM2 Q7 i?2 ;`2�i 7Q`+2b Q7 2pQHmiBQM �M/ Bi
�HbQ �z2+ib /QK2biB+ �MBK�HbX �HH �MBK�Hb rBi? H2i?�H ;2M2iB+ /272+ib �`2 M�im`�HHv b2H2+i2/ �;�BMbi- BX2X- i?2v
M2p2` #2+QK2 T�`2MibX

�Hi?Qm;? M�im`�H b2H2+iBQM +�MMQi #2 B;MQ`2/ 7Q` HBp2biQ+F bT2+B2b- r?�i Bb KQbi BKTQ`i�Mi 7Q` �MBK�H #`22/2`b
Bb �`iB}+B�H b2H2+iBQMX h?2 B/2� #2?BM/ �`iB}+B�H b2H2+iBQM Bb bBKTH2X 6Q` � ;Bp2M i`�Bi �HH �MBK�Hb BM �
TQTmH�iBQM �`2 `�MF2/ �++Q`/BM; iQ i?2B` #`22/BM; p�Hm2X 6`QK i?Bb HBbi i?2 �MBK�Hb `�MFBM; iQT �`2 mb2/ �b
T�`2Mib 7Q` i?2 M2ti ;2M2`�iBQMX AM KQbi HBp2biQ+F TQTmH�iBQMb- �MBK�H #`22/2`b �`2 BMi2`2bi2/ iQ BKT`Qp2
i?2B` �MBK�Hb rBi? `2bT2+i iQ KQ`2 i?�M Dmbi QM2 i`�BiX q?2M +QMbB/2`BM; KQ`2 i?�M QM2 i`�Bi- i?2 [m2biBQM
Bb ?Qr iQ +QK2 mT rBi? i?2 `�MFBM; 7Q` i?2 �MBK�Hb i?�i �`2 b2H2+i2/ �b TQi2MiB�H T�`2MibX a2p2`�H bi`�i2;B2b
iQ T`Q/m+2 bm+? � `�MFBM; #�b2/ QM � MmK#2` Q7 i`�BibX Ai ?�b #22M b?QrM i?�i mbBM; � r2B;?i2/ K2�M Q7
i?2 #`22/BM; p�Hm2b Q7 �HH i`�Bib r?B+? Bb +�HH2/ b2H2+iBQM BM/2t iQ `�MF �HH �MBK�Hb Bb �M QTiBK�H T`Q+2/m`2
iQ #2 mb2/ �b b2H2+iBQM +`Bi2`BQM U>�x2H- RN9jVX

R>2`2 r2 /Q MQi i�F2 BMiQ �++QmMi M2r i2+?MQHQ;B2b bm+? �b ;2M2 2/BiBM;X

https://en.wikipedia.org/wiki/Central_dogma_of_molecular_biology
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RX9Xk J�iBM;

h?2 b2+QM/ iQQH r2 ?�p2 �p�BH�#H2 �b �MBK�H #`22/2`b Bb K�iBM;X AM � K�iBM; b+?2K2- r2 /2+B/2 r?B+? Q7
i?2 b2H2+i2/ K�H2 �MBK�Hb �`2 #`2/ iQ r?B+? b2H2+i2/ 72K�H2 �MBK�HbX h?2`2 �`2 � MmK#2` Q7 /Bz2`2Mi `mH2b
i?�i +�M #2 7QHHQr2/X h?2 �TTHB+�iBQM Q7 � ;Bp2M b2i Q7 `mH2b �`2 bmKK�`Bx2/ �b K�iBM; bvbi2KX h?2`2 �`2
i?`22 `2�bQMb 7Q` mbBM; � K�iBM; bvbi2KX

RX T`Q/m+BM; QzbT`BM; rBi? 2ti`2K2 #`22/BM; p�Hm2bX q?2M T�`2Mib rBi? 2ti`2K2 #`22/BM; p�Hm2b U?B;?
Q` HQrV �`2 K�i2/- QzbT`BM; rBi? 2ti`2K2 T?2MQivT2b +�M #2 2tT2+i2/X h?Bb Bb KQbiHv mb2/ r?2M �
;Bp2M i`�Bi Bb iQ #2 +?�M;2/ BM QM2 /B`2+iBQM

kX K�F2 mb2 Q7 +QKTH2K2Mi�`Biv BM T�`2Mi�H i`�BibX q?2M M2Bi?2` Q7 i?2 T�`2Mib Bb QTiBK�H- � KBt Q7 i`�Bib
+�M #2 /2bB`�#H2X AM bm+? � +�b2 T�`2Mi�H ;2MQivT2b +�M #2 [mBi2 /Bz2`2MiX q?2M T�`2Mib Q7 /Bz2`2Mi
#`22/b �`2 K�i2/- i?2M i?Bb Bb +�HH2/ +`Qbb#`22/BM;X

jX Q#i�BM TQbBiBp2 2z2+ib /m2 iQ ?2i2`QbBbX >v#`B/ pB;Q` Q` ?2i2`QbBb BM +`Qbb#`22/BM; Q++m`b r?2M QzbT`BM;
T2`7Q`K�M+2 2t+22/b i?2 T2`7Q`K�M+2 Q7 i?2 Tm`2@#`2/bX

h?2`2 KB;?i �HbQ #2 Qi?2` �bT2+ib i?�i BM~m2M+2 � K�iBM; bvbi2K- 2X;X iQ `2bi`B+i i?2 H2p2H Q7 BM#`22/BM; Q`
iQ +QMbB/2` QTiBKmK ;2M2iB+ +QMi`B#miBQM i?2Q`v UJ2mrBbb2M- RNNdVX

RX8 ai�iBbiB+b

a2p2`�H �mi?Q`b bm+? �b Ua+?�2z2`- kyRjV �M/ U:B�MQH� �M/ _Qb�- kyR8V ?�p2 `2pB2r2/ i?2 /2p2HQTK2Mi Q7
bi�iBbiB+�H K2i?Q/b BM i?2 �`2� Q7 �MBK�H #`22/BM;X "Qi? �mi?Q`b K2MiBQM i?�i bi�iBbiB+�H K2i?Q/QHQ;v TH�vb
�M BKTQ`i�Mi `QH2 BM �MBK�H #`22/BM;X JQbi �MBK�H #`22/2`b �`2 +QM+2`M2/ rBi? 2biBK�iBM; Q` T`2/B+iBM;
#`22/BM; p�Hm2bX h?Bb Bb biBHH /QM2 mbBM; � b2i Q7 K2i?Q/b `2bmHi2/ 7`QK i?2 i?2Q`v /2p2HQT2/ #v *?�`H2b
>2M/2`bQM �M/ ?Bb i2�K UU>2M/2`bQM- RN8jV �M/ U>2M/2`bQM- RNd8VVX h?2b2 K2i?Q/b �`2 FMQrM mM/2`
i?2 M�K2 Q7 "GlSX "GlS b?Qrb bQK2 BKTQ`i�Mi `2;mH�`Bb�iBQM T`QT2`iB2bX h?2b2 T`QT2`iB2b �HHQr mb iQ
2biBK�i2 Q` iQ T`2/B+i K�Mv KQ`2 mMFMQrM T�`�K2i2`b i?�M r2 ?�p2 Q#b2`p�iBQMbX AM �MBK�H #`22/BM;-
#`22/BM; p�Hm2b Q7 �HH �MBK�Hb BM � TQTmH�iBQM +�M #2 T`2/B+i2/ �HbQ 7Q` i?Qb2 �MBK�Hb 7Q` r?B+? r2 /Q MQi
?�p2 Q#b2`p�iBQMbX h?Bb Bb T�`iB+mH�`Hv BKTQ`i�Mi 7Q` i`�Bib r?B+? +�M QMHv #2 Q#b2`p2/ BM �MBK�Hb Q7 QM2
b2tX
h?2`2 �`2 KQ`2 K2i?Q/b rBi? `2;mH�`Bb�iBQM T`QT2`iB2bX h?2 bQ@+�HH2/ "�v2bB�M K2i?Q/b �`2 QM2 2t�KTH2X
"�v2bB�M K2i?Q/b mb2 i?2 bQ@+�HH2/ "�v2b i?2Q`2K UU"�v2b �M/ S`B+2- RdejV �M/ ?iiTb,ff2MXrBFBT2/B�XQ`;f
rBFBf"�v2bWkdni?2Q`2KV iQ +QK2 mT rBi? T�`�K2i2` 2biBK�i2bX �Hi?Qm;? "�v2bB�M K2i?Q/b �`2 Km+? QH/2`
i?�M Qi?2` K2i?Q/b bm+? �b "GlS- i?2v r2`2 QMHv BMi`Q/m+2/ BMiQ T`�+iB+�H �MBK�Hb #`22/BM; BM i?2 2�`Hv
RNNyǶbX AKTQ`i�Mi TBQM22`BM; T�T2`b 7Q` i?2 mb2 Q7 "�v2bB�M K2i?Q/b BM �MBK�H #`22/BM; �`2 U:B�MQH� �M/
6QmHH2v- RN3kV �M/ U:B�MQH� �M/ 62`M�M/Q- RN3eVX h?2 `2�bQMb 7Q` i?2 H�i2 �/QTiBQM Q7 "�v2bB�M K2i?Q/b
�`2 +2`i�BMHv `2H�i2/ iQ /2p2HQTK2Mi Q7 +?2�T +QKTmiBM; BM7`�bi`m+im`2X h?Bb Bb /2b+`B#2/ BM KQ`2 /2i�BH BM
bm#b2+iBQM RXeX

RXe *QKTmi2` a+B2M+2

h?2 /2p2HQTK2Mi Q7 +QKTmiBM; TQr2` Bb Q7i2M bmKK�`Bx2/ #v i?2 bQ@+�HH2/ JQQ`2Ƕb G�r UUJQQ`2- RNe8V
�M/ ?iiTb,ff2MXrBFBT2/B�XQ`;frBFBfJQQ`2WkdbnH�rVX JQQ`2Ƕb H�r Bb MQi � H�r BM i?2 b2Mb2 Q7 K�i?2K�iB+b
Q` T?vbB+b- #mi Bi Bb � T`2/B+iBQM i?�i :Q`/QM JQQ`2k K�/2 �b 2�`Hv �b RNe8X >2 T`2/B+i2/ i?�i i?2 MmK#2`
Q7 +QKTQM2Mib i?�i +QmH/ #2 TH�+2/ QM � +2`i�BM BMi2;`�i2/ +B`+mBi rQmH/ /Qm#H2 `Qm;?Hv 2p2`v R3 KQMi?b
#2ir22M RN8N �M/ RNd8X h?Bb T`2/B+iBQM r�b ;2M2`�HBx2/ BMiQ � bi�i2K2Mi i?�i i?2 ;2M2`�H +QKTmiBM;
T2`7Q`K�M+2 +QmH/ #2 /Qm#H2/ 2p2`v R3 KQMi?bX AM `2i`Q@bT2+i i?Bb r�b KQ`2 Q` H2bb i`m2 7Q` i?2 H�bi 8y
v2�`bX h?Bb +QMbB/2`�#H2 BM+`2�b2 BM +QKTmiBM; T2`7Q`K�M+2 ?�/ �HbQ � /`�K�iB+ BKT�+i BM i?2 +Qbib Q7 �
+2`i�BM +QKTmi�iBQMX

kPM2 Q7 i?2 +Q@7QmM/2`b �M/ � /B`2+iQ` Q7 AMi2H

https://en.wikipedia.org/wiki/Bayes%27_theorem
https://en.wikipedia.org/wiki/Bayes%27_theorem
https://en.wikipedia.org/wiki/Moore%27s_law
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6B;m`2 RXR, u2�`Hv JBHF uB2H/ T2` *Qr BM i?2 la�

q?2M +QKT�`BM; i?2 /2p2HQTK2Mi Q7 +QKTmiBM; T2`7Q`K�M+2 rBi? i?2 T2`7Q`K�M+2 Q7 HBp2biQ+F �MBK�Hb-
i?2`2 Bb �M Q#pBQmb `2H�iBQM #2ir22M i?2 irQX h?Bb K2�Mb i?2 T2`7Q`K�M+2 BM+`2�b2 Q7 HBp2biQ+F �MBK�Hb r�b
BM T�`i 7�+BHBi�i2/ #v i?2 /2p2HQTK2Mi Q7 +?2�T +QKTmiBM; TQr2`X h?2 irQ };m`2b RXR �M/ RXk +QKT�`2 i?2
irQ /2p2HQTK2MibX h?2 }`bi /B�;`�K b?Qrb i?2 �MMm�H KBHF T`Q/m+iBQM T2` +QrX
h?2 6B;m`2 RXk #2HQr b?Qrb i?2 /2p2HQTK2Mi Q7 +QKTmiBM; TQr2` �++Q`/BM; iQ JQQ`2Ƕb H�rX
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6B;m`2 RXk, *QKTmiBM; S2`7Q`K�M+2 �++Q`/BM; hQ JQQ`2Ƕb G�r



"B#HBQ;`�T?v

�`M/Q`72`- JX- "H�m2Mbi2BM2`- SX- "2`;2`- "X- 6�Hb+?HmM;2`- :X- 6Bb+?2`H2BiM2`- 6X- 6`QB?Q72`- qX- :�#2`- _X-
>QHxM2`- qX- E�DiM�- "X- EQHH2`- "X- E`B2+?#�mK- JX- J�+?�ib+?2F- JX- L2mMi2m72H- JX- aTBix2M#2`;2`- 6X-
JB+?�2H- aX- ai2FQpB+b- 1X- oQ;H- *X- oQ;H@GmF�bb2`- "X- q�HHM2`- _X JX- qBH}M;- �X- �M/ wBTb2`- SX UkyRyVX
qB2 pB2H2 �`i2M #`�m+?i /2` J2Mb+?\ "ƺ?H�m- qB2M- EƺHM- q2BK�`X

"�v2b- hX �M/ S`B+2- _X URdejVX �M 2bb�v iQr�`/b bQHpBM; � T`Q#H2K BM i?2 /Q+i`BM2 Q7 +?�M+2X #v i?2 H�i2
`2pX K`X #�v2b- +QKKmMB+�i2/ #v K`X T`B+2- BM � H2ii2` iQ DQ?M +�MiQMX S?BHQbQT?B+�H h`�Mb�+iBQMb Q7 i?2
_Qv�H aQ+B2iv Q7 GQM/QM- 8j,jdyĜĜ9R3X

.m2`bi- CX lX URNjRVX :`mM/H�;2M /2` _BM/2`xm+?iX aT`BM;2`- "2`HBMc >2B/2H#2`;X

:B�MQH�- .X �M/ 62`M�M/Q- _X GX URN3eVX "�v2bB�M K2i?Q/b BM �MBK�H #`22/BM; i?2Q`vX CX �MBKX a+BX-
ej,kRdĜĜk99X

:B�MQH�- .X �M/ 6QmHH2v- CX GX URN3kVX LQM HBM2�` T`2/B+iBQM Q7 H�i2Mi ;2M2iB+ HB�#BHBiv rBi? #BM�`v 2tT`2bbBQM,
�M 2KTB`B+�H #�v2b �TT`Q�+?X S`Q+X kM/ qQ`H/ *QM;`X :2M2iX �TTHX GBp2biX S`Q/X- J�/`B/- aT�BM- d,kNjĜ
ĜjyjX

:B�MQH�- .X �M/ _Qb�- :X CX JX UkyR8VX PM2 ?mM/`2/ v2�`b Q7 bi�iBbiB+�H /2p2HQTK2Mib BM �MBK�H #`22/BM;X
�MMm�H _2pB2r Q7 �MBK�H "BQb+B2M+2b- j,RjXRĜĜRjXj3X

>�x2H- GX LX URN9jVX h?2 ;2M2iB+ #�bBb 7Q` +QMbi`m+iBM; b2H2+iBQM BM/2t2bX :2M2iB+b- k3,9deĜ9NyX

>2M/2`bQM- *X _X URN8jVX 1biBK�iBQM Q7 p�`B�M+2 �M/ +Qp�`B�M+2 +QKTQM2MibX "BQK2i`B+b- N,kkeĜĜk8kX

>2M/2`bQM- *X _X URNd8VX "2bi HBM2�` mM#B�b2/ 2biBK�iBQM �M/ T`2/B+iBQM mM/2` � b2H2+iBQM KQ/2HX "BQK2i`B+b-
jR,9kjĜĜ99NX

J2mrBbb2M- hX >X 1X URNNdVX J�tBKBxBM; i?2 `2bTQMb2 Q7 b2H2+iBQM rBi? � T`2/2}M2/ `�i2 Q7 BM#`22/BM;X
CQm`M�H Q7 �MBK�H a+B2M+2- d8,Nj9ĜĜN9yX

J2mrBbb2M- hX >X 1X- >�v2b- "X CX- �M/ :Q//�`/- JX 1X UkyyRVX S`2/B+iBQM Q7 hQi�H :2M2iB+ o�Hm2 lbBM;
:2MQK2@qB/2 .2Mb2 J�`F2` J�TbX :2M2iB+b- R8d,R3RNĜR3kNX

JQQ`2- :X 1X URNe8VX *`�KKBM; KQ`2 +QKTQM2Mib QMiQ BMi2;`�i2/ +B`+mBibX 1H2+i`QMB+b- j3X

a+?�2z2`- GX _X UkyRjVX >BbiQ`v Q7 :2M2iB+ 1p�Hm�iBQM J2i?Q/b BM .�B`v *�iiH2X b2H7X

o2Mi2`- CX *X- �/�Kb- JX .X- Jv2`b- 1X qX- GB- SX qX- Jm`�H- _X CX- amiiQM- :X :X- aKBi?- >X PX- u�M/2HH-
JX- 1p�Mb- *X �X- >QHi- _X �X- :Q+�vM2- CX .X- �K�M�iB/2b- SX- "�HH2r- _X JX- >mbQM- .X >X- qQ`iK�M-
CX _X- w?�M;- ZX- EQ/B`�- *X .X- w?2M;- sX >X- *?2M- GX- aFmTbFB- JX- am#`�K�MB�M- :X- h?QK�b- SX .X-
w?�M;- CX- JBFHQb- :X GX :X- L2HbQM- *X- "`Q/2`- aX- *H�`F- �X :X- L�/2�m- CX- J+FmbB+F- oX �X- wBM/2`- LX-
G2pBM2- �X CX- _Q#2`ib- _X CX- aBKQM- JX- aH�vK�M- *X- >mMF�TBHH2`- JX- "QH�MQb- _X- .2H+?2`- �X- .2r-
AX- 6�bmHQ- .X- 6H�MB;�M- JX- 6HQ`2�- GX- >�HT2`M- �X- >�MM2M?�HHB- aX- E`�pBix- aX- G2pv- aX- JQ#�``v- *X-
_2BM2`i- EX- _2KBM;iQM- EX- �#m@i?`2B/2?- CX- "2�bH2v- 1X- "B//B+F- EX- "QM�xxB- oX- "`�M/QM- _X- *�`;BHH-
JX- *?�M/`�KQmHBbr�`�M- AX- *?�`H�#- _X- *?�im`p2/B- EX- .2M;- wX- 6`�M+2b+Q- oX .X- .mMM- SX- 1BH#2+F-
EX- 1p�M;2HBbi�- *X- :�#`B2HB�M- �X 1X- :�M- qX- :2- qX- :QM;- 6X- :m- wX- :m�M- SX- >2BK�M- hX CX-

Rd
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>B;;BMb- JX 1X- `m CB- _X- E2- wX- E2i+?mK- EX �X- G�B- wX- G2B- uX- GB- wX- GB- CX- GB�M;- uX- GBM- sX- Gm-
6X- J2`FmHQp- :X oX- JBHb?BM�- LX- JQQ`2- >X JX- L�BF- �X EX- L�`�v�M- oX �X- L22H�K- "X- LmbbF2`M-
.X- _mb+?- .X "X- a�Hx#2`;- aX- a?�Q- qX- a?m2- "X- u�Q- �X- u2- CX- w?�M- JX- w?�M;- qX- w?�M;- >X-
w?�Q- ZX- w?2M;- GX- w?QM;- 6X- w?QM;- qX- qQQ/�;2- hX- �HB- 6X- �M- >X- �r2- �X- "�H/rBM- .X- "�/2M-
>X- "�`Mbi2�/- JX- "�``Qr- AX- "22bQM- EX- "mb�K- .X- *�`p2`- �X- *?2M;- JX GX- *m``v- GX- .�M�?2`-
aX- .�p2MTQ`i- GX- .2bBH2ib- _X- .B2ix- aX- .Q/bQM- EX- .QmT- GX- 62``B2`�- aX- :�`;- LX- :Hm2+FbK�MM- �X-
>�`i- "X- >�vM2b- CX- >�vM2b- *X- >2BM2`- *X- >H�/mM- aX- >QbiBM- .X- >Qm+F- CX- >QrH�M/- hX- A#2;r�K-
*X- CQ?MbQM- CX- E�Hmb?- 6X- EHBM2- GX- EQ/m`m- aX- GQp2- �X- J�MM- 6X- J�v- .X- J++�rH2v- aX- J+BMiQb?-
hX- J+KmHH2M- AX- JQv- JX- JQv- GX- Jm`T?v- "X- L2HbQM- EX- S7�MMFQ+?- *X- S`�iib- 1X- Sm`B- oX- Zm`2b?B-
>X- _2�`/QM- JX- _Q/`B;m2x- _X- ?mB _Q;2`b- uX- _QK#H�/- .X- _m?72H- "X- a+Qii- _X- aBii2`- *X- aK�HHrQQ/-
JX- ai2r�`i- 1X- ai`QM;- _X- am?- 1X- h?QK�b- _X- hBMi- LX LX- hb2- aX- o2+?- *X- q�M;- :X- q2ii2`- CX-
qBHHB�Kb- aX- qBHHB�Kb- JX- qBM/bQ`- aX- qBMM@/22M- 1X- qQH72- EX- w�p2`B- CX- w�p2`B- EX- �#`BH- CX 6X-
:mB;Ʀ- _X- *�KT#2HH- JX CX- "HB+F- GX- *�KBM?�- JX- *�`M2b@biBM2- CX- *�mHF- SX- ?mB *?B�M;- uX- *QvM2-
JX- .�?HF2- *X- J�vb- �X .X- .QK#`QbFB- JX- .QMM2HHv- JX- 1Hv- .X- 1bT�`?�K- aX- 6QbH2`- *X- :B`2- >X-
:H�MQrbFB- aX- :H�bb2`- EX- :HQ/2F- �X- :Q`QF?Qp- JX- :`�?�K- EX- :`QTK�M- "X- >�``Bb- JX- >2BH- CX-
>2M/2`bQM- aX- >QQp2`- CX- C2MMBM;b- .X- CQ`/�M- *X- CQ`/�M- CX- E�b?�- CX- E�;�M- GX- E`�7i- *X- G2pBibFv-
�X- G2rBb- JX- GBm- sX- GQT2x- CX- J�- .X- J�DQ`Qb- qX- J+/�MB2H- CX- Jm`T?v- aX- L2rK�M- JX- L;mv2M-
hX- L;mv2M- LX- LQ/2HH- JX- S�M- aX- S2+F- CX- S2i2`bQM- JX- _Qr2- qX- a�M/2`b- _X- a+Qii- CX- aBKTbQM-
JX- aKBi?- hX- aT`�;m2- �X- aiQ+Fr2HH- hX- hm`M2`- _X- o2Mi2`- 1X- q�M;- JX- q2M- JX- qm- .X- qm- JX-
sB�- �X- w�M/B2?- �X- �M/ w?m- sX UkyyRVX h?2 a2[m2M+2 Q7 i?2 >mK�M :2MQK2X a+B2M+2- kNRU88ydV,RĜj3X
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