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� 4FUUJOH VQ UIF QSPCMFN
��� 1IZTJDT BTTVNQUJPOT
8F NPEFM BO JODPNQSFTTJCMF
 TVCTPOJD
 TUFBEZ�TUBUF ࣿPX XJUI OP IFBU BEEJUJPO�SFNPWBM BOE OFHMJHJCMF
DIBOHF JO IFJHIU� "EEJUJPOBM BTTVNQUJPOT UIBU XFSF VTFE JO DBMDVMBUJPOT BSF TUBUFE UISPVHIPVU BTTJHONFOU BT
UIFZ XFSF NBEF�
* VTFE OVNFSJDBM MJGUJOH MJOF BOBMZTJT UP DBMDVMBUF UIF TPMVUJPO UP UIJT QSPCMFN� 6OMJLF 1SBOEṲT MJGUJOH MJOF
UIFPSZ UIBU * VTFE JO IPNFXPSL �
 OVNFSJDBM MJGUJOH MJOF BOBMZTJT EPFT OPU BTTVNF B MJOFBS HSBEJFOU PG UIF
MJGU DVSWF BDSPTT UIF TQBO� 5IFSFGPSF
 * BN BCMF UP VTF UIF /"$"���� MJGU DPFऀDJFOU MPPLVQ UBCMF
 XIJDI
BDDPVOUT GPS TUBMM FࣽFDUT�
'PS WJTDPVT FࣽFDUT
 UIF DPFऀDJFOU PG MJGU DVSWF PG UIF /"$"���� XBT PCUBJOFE FYQFSJNFOUBMMZ BOE UIFSFGPSF
JODMVEFT UIF FࣽFDU PG WJTDPVTJUZ PO UIF MJGU HFOFSBUFE CZ UIF BJSGPJM � IFODF XJOH BT JU JODMVEFT UIF TUBMM FࣽFDU�
5IF BJSGPJM VTFE JO UIF XJOH XBT /"$"�����
"MM VOJUT XFSF DPOWFSUFE UP NFUSJD GPS TUBOEBSEJ[BUJPO BOE UP SFEVDF QPUFOUJBM DBMDVMBUJPO FSSPST�
'BDUT BCPVU UIF XJOH�

8JOH TQBO� ԑ � �� GU � ������ N
8JOH SPPU DIPSE� Ԓ � ��� GU � ������ N
$SVJTF TQFFE� ԋ� � ��� LOPUT � ������� N�T
"OHMF PG "UUBDL� ᅫ � �¯ � �������� 	��������ᅺ
 SBEJBOT
"JSGPJM MJGU DVSWF TMPQF 	/"$"����
� HJWFO CZ MPPLVQ UBCMF
1SPQFMMFS EJBNFUFS� ӹ � � GU � ������ N

��� .FUIPEPMPHZ IJHI�MFWFM PWFSWJFX
�� 8F DBO SF�VTF TPNF PG UIF8JOH DMBTT GSPN)PNFXPSL � GPS UIJT BTTJHONFOU UP TUPSF JOGPSNBUJPO BCPVU

UIF XJOH� *O )PNFXPSL �
 UIF 8JOH DMBTT BMTP DBMDVMBUFE JUT PXO MJGU EJTUSJCVUJPO VTJOH 1SBOEṲT MJGUJOH
MJOF UIFPSZ� 4JODF *̤N VTJOH OVNFSJDBM MJGUJOH MJOF NFUIPET GPS UIJT BTTJHONFOU
 * XJMM SFNPWF UIBU
QPSUJPO PG DPEF BOE JOTUFBE DSFBUF B OFX /VNFSJDBM-JGU-JOF4PMWFS DMBTT UP IBOEMF UIBU� "EEJUJPOBMMZ

UIF 8JOH DMBTT OPX OFFET UP TUPSF B MPPLVQ UBCMF GPS UIF DPFऀDJFOU PG MJGU WT� ɰ DVSWF 	QSFWJPVTMZ *
TJNQMZ QSPWJEFE B MJOFBS HSBEJFOU
�

�� $SFBUF B OFX /VNFSJDBM-JGU-JOF4PMWFS DMBTT XIJDI VTFT OVNFSJDBM MJGUJOH MJOF NFUIPE UP TPMWF GPS UIF
MJGU EJTUSJCVUJPO BOE IFODF XJOH QFSGPSNBODF PG UIF TJNQMF XJOH 	XJUIPVU QSPQFMMFST
�

�



�� &YQBOE UIF /VNFSJDBM-JGU-JOF4PMWFS DMBTT UP BDDPVOU GPS UIF FࣽFDUT PG UIF QSPQFMMFS� 8F XJMM BMTP
OFFE UP TPNFIPX QBTT JOGPSNBUJPO UP UIF -JGU-JOF4PMWFS DMBTT EFࣾOJOH XIFSF UIF QSPQFMMFST BSF 	5#%�
"JSDSBGU DMBTT 1SPQFMMFS DMBTT 


��� /VNFSJDBM OPO�MJOFBS MJGUJOH MJOF NFUIPE
5IJT NFUIPEPMPHZ JT CBTFE PO UIF OVNFSJDBM OPOMJOFBS MJGUJOH MJOF NFUIPE EFTDSJCFE JO MFD�
UVSF@WJEFP@���������NQ� BOE DIBQUFS ��� PG UIF "OEFSTPO UFYUCPPL
 QBHF ����

�� %JWJEF UIF XJOH JOUP / FMFNFOUT
 BOE IFODF Ԁ � ԃ � � TQMJUT�
�� 'PS BMM UIF FMFNFOUT
 DBMDVMBUF UIF FࣽFDUJWF BOHMF PG BUUBDL�ᅫFࣽ	ԝ
 � ᅫHFPN	ԝ
 ਷ ᅫք	ԝ


'PS UIF ࣾSTU JUFSBUJPO
 BTTVNF ᅫք � �
�� 'PS BMM FMFNFOUT
 EFOPUFE CZ JOEFY ԝ � �
 �
 w 
 ԃ 
 DBMDVMBUFE UIF CPVOE WPSUFY စս	ԝ
�Ԓև	ԝ
 � Ԓևᆿ	ԝ
 ੎ ᅫFࣽ	ԝ
ԁ஥	ԝ
 � Ԓև	ԝ
 ੎ ��ᅻ�ԋ�Ӹ	ԝ
� ᅻ�ԋ�စս	ԝ
࠶ စս	ԝ
 � Ԓև	ԝ
ԋ�Ӹ	ԝ
�
�� $BMDVMBUF UIF USBJMFE WPSUJDFT
 EFOPUFE CZ JOEFY Ԛ � �
 �
 w 
 Ԁ�စ֏	Ԛ
 � စս	Ԛ
 ਷ စս	Ԛ ਷ �


'PS UIF ࣾSTU BOE MBTU USBJMJOH WPSUJDFT BU UIF XJOH UJQT�စ֏	�
 � စս	�
စ֏	Ԁ
 � ਷စս	Ԁ ਷ �

�� $BMDVMBUF UIF JOEVDFE WFMPDJUZ ԋJO BU FBDI FMFNFOU O�ԋJO	ԝ
 � լంֆ�φ ਷စ֏	Ԛ
�ᅺ	Ԩս	ԝ
 ਷ Ԩ֏	Ԛ


�� $BMDVMBUF UIF JOEVDFE BOHMF PG BUUBDL ᅫք	ԝ
 GPS FBDI FMFNFOU O�ᅫք	ԝ
 � UBO਷φ ভ਷ԋJO	ԝ
ԋ� মஈ ਷ԋJO	ԝ
ԋ� 	GPS TNBMM BOHMFT
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�� 3FQFBU TUFQT � BOE � VTJOH UIF DBMDVMBUFE JOEVDFE BOHMF PG BUUBDL�
�� $PNQBSF UIF OFX EJTUSJCVUJPO စսOFX

XJUI UIF QSFWJPVT WBMVFT စսPME
GFE JOUP TUFQ �� *G စսOFX

EPFT OPU BHSFF
XJUI စսPME

XJUIJO BO BDDFQUBCMF MFWFM PG BDDVSBDZ Ԕ։
 UIFO TUFQT 9�9 BSF SVO BHBJO�
�� *G SVO BHBJO
 UIF OFX JOQVU UP TUFQ � JT�စսJOQVU

� စսPME
� ӹ	စսOFX

਷ စսPME



8IFSF % JT B EBNQJOH GBDUPS GPS UIF JUFSBUJPOT� UZQJDBM % WBMVFT BSF PO UIF PSEFS PG ���� ମ ӹ ମ �����
�� *G UIF TPMVUJPO DPOWFSHFE JO TUFQ �
 UIFO XF OPX IBWF B DPOWFSHFE စ	Ԩ
� %VSJOH UIF QSPDFTT PG DBMDV�

MBUJOH UIF TPMVUJPO
 XF DBMDVMBUFE UIF MPDBM DPFऀDJFOU PG MJGU� "EEJUJPOBMMZ
 GSPN UIF DPOWFSHFE စ	Ԩ


UIF MJGU BOE JOEVDFE ESBH DBO CF PCUBJOFE GSPN UIF GPMMPXJOH FRVBUJPOT�

ԁ � ᅻ�ԋ� ௷ Շɞ਷ Շɞ စ	Ԩ
 ԓԨ
ӹք � ௷ Շɞ਷ Շɞ ԁ஥	Ԩ
 TJOᅫք ԓԨ

/PUF UIBU CFGPSF UIF BCPWF GPSDFT BSF JOUFHSBUFE
 UIF -JGU BOE %SBH GPSDF GPS FWFSZ TQBOXJTF TFDUJPO OFFET
UP CF SFDUJࣾFE GSPN UIF FࣽFDUJWF BOHMF PG BUUBDL JO UIBU TQBOXJTF TFDUJPO UP UIF PWFSBMM XJOH BOHMF PG BUUBDL

PUIFSXJTF UIF MJGU GPSDF JT JO B TMJHIUMZ EJࣽFSFOU EJSFDUJPO GPS FBDI TQBOXJTF TFDUJPO BT UIF FࣽFDUJWF BOHMF PG
BUUBDL DIBOHFT�

��� .PEFMMJOH UIF FֈFDUT PG UIF QSPQFMMFST̔ XBLF
5IF FࣽFDU PG UIF QSPQFMMFS XBLF OFFET UP CF BDDPVOUFE GPS JO TFWFSBM PG UIF BCPWF TUFQT�

�� 8F BTTVNF UIF QSPQFMMFST BSF BMJHOFE XJUI UIF BJSDSBGU MPOHUJUVEJOBM BYJT
 UIFSFGPSF JG UIF BJSDSBGU JT
BU BO �p BOHMF PG BUUBDL
 UIF QSPQFMMFST XJMM BMTP CF BU BO �p BOHMF PG BUUBDL SFMBUJWF UP UIF GSFFTUSFBN
WFMPDJUZ� 8F BSF BTTVNJOH UIF XBLF JT B DPOTUBOU ࣿPX CFIJOE UIF QSPQFMMFS
 J�F�
 UIF TXJSM PG UIF SPUPS
XBLF JT JHOPSFE�

�� 5IF QSPQFMMFS XBLF WFMPDJUZ WFDUPS ԥք JT DBMDVMBUFE VTJOH UIF FRVBUJPOT HJWFO JO UIF BTTJHONFOU�
�� 5IF QSPQFMMFS XBLF WFMPDJUZ WFDUPS ԥք JT EJWJEFE JOUP B WFSUJDBM DPNQPOFOU BOE B IPSJ[POUBM DPNQPOFOU�
�� 5IF GSFFTUSFBN WFMPDJUZ ԋ� JT OP MPOHFS DPOTUBOU BDSPTT UIF TQBO PG UIF XJOH
 CVU SBUIFS GPS UIF TFDUJPOT

PG UIF BJSGPJM JO UIF QSPQFMMFS̤T XBLF UIF GSFFTUSFBN WFMPDJUZ JT ԋ� QMVT UIF IPSJ[POUBM DPNQPOFOU PGԥք
 BDDPVOUJOH GPS UIF BOHMF PG BUUBDL PG UIF BJSDSBGU�
�� 5IF QSPQFMMFS XBLF BMTP IBT B WFSUJDBM DPNQPOFOU� 5IJT DBO FJUIFS CF BDDPVOUFE GPS XIFO DBMDVMBUJOH

UIF FࣽFDUJWF BOHMF PG BUUBDL ᅫFࣽ GPS FBDI XJOH TFDUJPO
 PS JU DBO CF BEEFE UP UIF DBMDVMBUFE EPXOXBTI
JOEVDFE WFMPDJUZ 	XIJDI JT UIFO VTFE UP DBMDVMBUF ᅫք BOE IFODF ᅫFࣽ� * DIPTF UP BEE UIF QSPQFMMFS XBLF
WFMPDJUZ WFSUJDBM DPNQPOFOU WFDUPS UP UIF EPXOXBTI DBMDVMBUFE GPS UIF XJOH�

�



��� *NQMFNFOUJOH UIF BCPWF NFUIPE VTJOH 1ZUIPO
����� 7BSJPVT 1ZUIPO JNQPSUT

ᅡ༡ᅢႹ import numpy as np
import itertools
import math
from scipy import ̡ΓфʥЄϬέ͟Ȩфʥ as ̡ΓфʥЄϬ
import matplotlib
from matplotlib import ϬҿϬ͟έф
from IPython.display import ɱ͟ʥȨЄᇧέѧфϬѧф
import multiprocess as mp
from multiprocess import Ϭέέ͟
import functools
ᒪmatplotlib ̡Γ̡͟Γʥ
΄ȨфϬ͟έф̡͟ɡႷЄɱōȨЄȨ΄ЫᅡሂȨҴʥЫႷˢέЄ΄ȨффʥЄႷѧЫʥέˢˢЫʥфሂᅢ ᑻ False

߯ ᑻ ΄Ȩф̋ႷϬ̡
ᄆ ųέ΄ʥ �Єʥʥ͍ ͟ʥффʥЄЫႹ ߂ ۂ ߋ ۅ ߲ ᒋ

����� %F։OF PVS /"$"���� DPF֋DJFOU PG MJGU JOUFSQPMBUJPO UBCMF
5IF GPMMPXJOH DPEF TFUVQT GVODUJPOT UP JOUFSQPMBUF UIF DPFऀDJFOU PG MJGU VTJOH UIF MPPLVQ UBCMF HJWFO JO UIF
BTTJHONFOU� *U VTFT TDJQZ̤T JOUFSQ�E GVODUJPO�

ᅡ༧ᅢႹ ᇧʈʥˬᇧȨЄЄ߂ ᑻ ᅡᇕ༧Ⴗ༑༧༹ད༑༧༳ཅདႸ ༑Ⴗ༑༭ཋཅཅ༧ཅ༳༡Ⴘ ༧Ⴗ༑༹དཋ༧༡ཅཅႸ ༿Ⴗ༑༡ཅ༿༳༹༭༳༿Ⴘ དႷད༭༧༧༭དཅཋ༭Ⴘ ༡༳Ⴗ༡༿༧༹༳༑ད༭Ⴘ ༡༳Ⴗ༭༿༳༿༳༑ཋཅႸ ༡ཅႷདཋ༳༳༧༭༹༡Ⴘ ༧༧Ⴗޫ༑ཅད༭༧ད༿༡Ⴘ ༧༿Ⴗ༑༡ཅ༹༳ཋ༿དႸ ༧ཅႷཋཅད༡ཋ༑དཅႸ ༭༡Ⴗདད༿༳ཅ༑ད༭ᅢ
ɱ͟ᇧȨЄЄ ᑻ ᅡᇕ༑Ⴗ༧༑ཋ༡༧༿ཅདႸ ༑Ⴗ༑༑༿༹༧ཋ༑༹Ⴘ ༑Ⴗ༧༧༭༭༡༳ད༳Ⴘ ༑Ⴗ༿༧ད༑༧༹༡༡Ⴘ ༡Ⴗ༑༭༧༹ཋ༭༿༳Ⴘ ༡Ⴗ༭༑དཋ༳༡༿༳Ⴘ ༡Ⴗ༑༑༭༹ད༿༳ཅႸ ༑Ⴗཋ༭ད༳ཋ༿ཋ༡Ⴘ ༑Ⴗཅ༑༭༭༧ཋཋདႸ ༑Ⴗޫཋ༹༧༑༑ཅ༳༹Ⴘ ༑Ⴗད༡༳༹༳༧༑ཋႸ ༡Ⴗ༑༑༹༳༧དཋདᅢ

ᇧȨЄЄ߂ ᑻ ΓϬႷʈʥˬ༧ЄȨʈᅛ߂ᇧʈʥˬᇧȨЄЄᅝ

Ĉ�?�༑༑༡༧ᇧɱ͟ ᑻ ̡ΓфʥЄϬႷ̡ΓфʥЄϬ༡ʈᅛ߂ᇧȨЄЄႸ ɱ͟ᇧȨЄЄႸ ˢ̡͟͟ᇧҗȨ͟ѧʥᑻሁʥҴфЄȨϬέ͟Ȩфʥሁᅝ

def Ϭ͟έфᇧɱ͟ᇧ̡ΓфʥЄϬέ͟Ȩф̡έΓᅛᅝႹ

ᄆ ᇧфʥЫф߂ ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛ߂ᇧʈʥˬᇧȨЄЄᅡ༑ᅢႸ ᇧʈʥˬᇧȨЄЄᅡᇕ༡ᅢႸ߂ ༹༑ᅝ

ᇧфʥЫф߂ ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛᇕ༡༑Ⴘ ༳༹Ⴘ ༹༑ᅝ

Ы̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢ ᑻ ༹Ⴘ༹

ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢᅝᅝ
ᄆ ϬҿϬ͟έфႷȨҴ̡ЫᅛሁʥϻѧȨ͟ሁᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ

ϬҿϬ͟έфႷф̡ф͟ʥᅛሁĈ�?� ༑༑༡༧ Ȩ̡Єˢέ̡͟ ɱέʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ʈȨфȨሁᅝ
ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛሂɱ͟ሂᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛሂ߂ሂᅝ

ϬҿϬ͟έфႷϬ͟έфᅛ߂ᇧʈʥˬᇧȨЄЄႸ ɱ͟ᇧȨЄЄႸ ሁᇕሁႸ ͟Ȩɡʥ͟ᑻሁέЄ̡ˬ̡ΓȨ͟ ʈȨфȨሁᅝ
ϬҿϬ͟έфႷϬ͟έфᅛ߂ᇧфʥЫфႸ Ĉ�?�༑༑༡༧ᇧɱ͟ᅛΓϬႷʈʥˬ༧ЄȨʈᅛ߂ᇧфʥЫфᅝᅝႸ ሁႷᇕᇕሁႸ ͟Ȩɡʥ͟ᑻሁ̡ΓфʥЄϬέ͟Ȩф̡έΓ ɱѧЄҗʥሁᅝ

ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ

Ϭ͟έфᇧɱ͟ᇧ̡ΓфʥЄϬέ͟Ȩф̡έΓᅛᅝ

�



����� $SFBUF B 8JOH BOE 1SPQFMMFS DMBTT UP EF։OF UIF QBSBNFUFST GPS UIF XJOH � QSPQFMMFST
5IF 8JOH DMBTT CFMPX JT B IFBWJMZ NPEJࣾFE WFSTJPO PG UIF 8JOH DMBTT GSPN )PNFXPSL �� *U TUPSFT EBUB
BCPVU UIF XJOH BOE UIF BJSGPJM VTFE
 BOE DBMDVBMUFT WBMVFT QBSBNFUFST BT OFFEFE
 TVDI BT UIF DIPSE BU B HJWFO
MPDBUJPO Z BMPOH UIF TQBO PG UIF XJOH�
5IF QSPQFMMFS DMBTT CFMPX JT OFX� *U TUPSFT JOGPSNBUJPO BCPVU UIF UXP QSPQFMMFST PO UIF 6"7 	UIF EBUB PO
UIF UXP QSPQFMMFST JT DPNCJOFE JOUP B TJOHMF PCKFDU GPS TJNQMJDJUZ
� *U BMTP DBMDVMBUFT QBSBNFUFST SFMBUJOH UP
UIF XBLF PG UIF QSPQFMMFST
 TVDI BT UIF WFSUJDBM BOE IPSJ[POUBM DPNQPOFOUT SFMBUJWF UP UIF GSFFTUSFBN WFMPDJUZ
WFDUPS�

ᅡ༭ᅢႹ class WingႹ

def ᇧᇧ̡Γ̡фᇧᇧᅛЫʥ͟ˢႸ ɱ͟ᇧɱѧЄҗʥႸ ЫϬȨΓႸ ɱᇧЄέέфႸ ɱᇧф̡ϬᑻNoneႸ ʥ̡͟͟ϬЫʥᑻFalseႸ ͟Ȩɡʥ͟ᑻሁሁᅝႹ
if ɱᇧф̡Ϭ ᑻᑻ NoneႹ

ɱᇧф̡Ϭ ᑻ ɱᇧЄέέф
Ыʥ͟ˢႷɱ͟ᇧˢ ᑻ ɱ͟ᇧɱѧЄҗʥ
Ыʥ͟ˢႷɱᇧЄέέф ᑻ ɱᇧЄέέф
Ыʥ͟ˢႷɱᇧф̡Ϭ ᑻ ɱᇧф̡Ϭ
Ыʥ͟ˢႷɡ ᑻ ЫϬȨΓ
ᄆ ɱȨ͟ɱѧ͟Ȩфʥ ȨЄʥȨ ȨΓʈ ȨЫϬʥɱф ЄȨф̡έ
Ыʥ͟ˢႷʥ̡͟͟ϬЫʥᑻʥ̡͟͟ϬЫʥ

if ʥ̡͟͟ϬЫʥႹ
Ыʥ͟ˢႷȨЄʥȨ ᑻ ߯ Ⴤ Ыʥ͟ˢႷɡ ᄶ ༧ Ⴤ Ыʥ͟ˢႷɱᇧЄέέф ᄶ ༧

elseႹ
Ыʥ͟ˢႷȨЄʥȨ ᑻ Ыʥ͟ˢႷɡ Ⴤ ᅛЫʥ͟ˢႷɱᇧЄέέф ᑷ Ыʥ͟ˢႷɱᇧф̡Ϭᅝ ᄶ ༧

Ыʥ͟ˢႷ�Š ᑻ ᅛЫʥ͟ˢႷɡ ჄჄ ༧ᅝ ᄶ Ыʥ͟ˢႷȨЄʥȨ

�



Ыʥ͟ˢႷ͟Ȩɡʥ͟ᑻ͟Ȩɡʥ͟

ሂሂሂ
ʈʥˢ ʈ̡җ̡ʈʥᅛЫʥɱф̡έΓЫᅝႹ

Ҧ̡ΓˬᇧЫʥɱф̡έΓЫ ᑻ ΓϬႷʥ΄ϬфҿᅛЫʥɱф̡έΓЫᅝ
ʈ̡җ̡ʈʥЄЫ ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛᇕЫʥ͟ˢႷɡᄶ༧Ⴘ Ыʥ͟ˢႷɡᄶ༧Ⴘ Ыʥɱф̡έΓЫᑷ༡ᅝ
ˢέЄ Γ ̡Γ Ыʥɱф̡έΓЫႹ

ЄʥфѧЄΓ Ҧ̡ΓˬᇧЫʥɱф̡έΓЫ
ሂሂሂ

def ɱȨ͟ɱᇧҿᅛЫʥ͟ˢႸ ᅝႹߗ
return Ыʥ͟ˢႷɡ ᄶ ༧ Ⴤ ΓϬႷɱέЫᅛߗᅝ

def ɱȨ͟ɱᇧɱᇧˢЄέ΄ᇧҿᅛЫʥ͟ˢႸ ҿᅝႹ
ሂሂሂ
̡ˢ ҿ ᒁ ᇕЫʥ͟ˢႷɡ ᄶ ༧Ⴙ

ЄȨ̡Ыʥ eҴɱʥϬф̡έΓᅛሁųέЄЄҿႸ ҿ ̡Ы έѧфЫ̡ʈʥ Ҧ̡Γˬ ЫϬȨΓ фέ ͟ʥˢфሁᅝ
̡ˢ ҿ ᑿ Ыʥ͟ˢႷɡ ᄶ ༧Ⴙ

ЄȨ̡Ыʥ eҴɱʥϬф̡έΓᅛሁųέЄЄҿႸ ҿ ̡Ы έѧфЫ̡ʈʥ Ҧ̡Γˬ ЫϬȨΓ фέ Є̡ˬ̋фሁᅝ
ሂሂሂ
if Ыʥ͟ˢႷʥ̡͟͟ϬЫʥႹ

return Ыʥ͟ˢႷɱᇧЄέέф Ⴤ ΓϬႷЫϻЄфᅛ༡ ᇕ ᅛ༧ჄҿᄶЫʥ͟ˢႷɡᅝ ჄჄ ༧ᅝ
return Ыʥ͟ˢႷɱᇧЄέέф ᑷ ȨɡЫᅛҿ ᇕ ༑ᅝ Ⴤ ᅛЫʥ͟ˢႷɱᇧф̡Ϭ ᇕ Ыʥ͟ˢႷɱᇧЄέέфᅝ ᄶ ᅛЫʥ͟ˢႷɡᄶ༧ ᇕ ༑ᅝ ᄆ ȨɡЫᅛҿᅝ Ы̡Γɱʥ ȨЫЫѧ΄ʥ Ыҿ΄΄ʥфЄ̡ɱ

def ɱȨ͟ɱᇧɱᅛЫʥ͟ˢႸ ᅝႹߗ
return Ыʥ͟ˢႷɱȨ͟ɱᇧɱᇧˢЄέ΄ᇧҿᅛЫʥ͟ˢႷɱȨ͟ɱᇧҿᅛߗᅝᅝ

def ˬʥфᇧɱ͟ᅛЫʥ͟ˢႸ ᅝႹ߂
return Ыʥ͟ˢႷɱ͟ᇧˢᅛ߂ᅝ

def ʈЄȨҦᅛЫʥ͟ˢႸ Ы̡Ӓʥᇧǜᑻ༡༳Ⴘ Ы̡ӒʥᇧǢᑻ༭ႷႸ Ĉᑻ༡༑༑༑Ⴘ ̡Γ̡фᇧˢ̡ˬѧЄʥᑻFalseႸ ʈʥфȨ̡͟ᑻሁȨ͟͟ሁᅝႹ
if ̡Γ̡фᇧˢ̡ˬѧЄʥႹ

ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢᅝᅝ
ϬҿϬ͟έфႷȨҴ̡ЫᅛሁʥϻѧȨ͟ሁᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ
ϬҿϬ͟έфႷф̡ф͟ʥᅛሁQЄȨҦ̡Γˬ έˢ Ҧ̡Γˬሁᅝ
ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛሂҴ ᅛɱ̋έЄʈᅝሂᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛሂҿ ᅛЫϬȨΓᅝሂᅝ

ҿᇧȨЄЄ ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛᇕЫʥ͟ˢႷɡᄶ༧Ⴘ Ыʥ͟ˢႷɡᄶ༧Ⴘ Ĉᅝ
ɱ̋έЄʈᇧȨЄЄ ᑻ Ыʥ͟ˢႷɱȨ͟ɱᇧɱᇧˢЄέ΄ᇧҿᅛҿᇧȨЄЄᅝ

ҿᇧȨЄЄ ᑻ ΓϬႷȨϬϬʥΓʈᅛҿᇧȨЄЄႸ ҿᇧȨЄЄᅡႹႹᇕ༡ᅢᅝ
ҿᇧȨЄЄ ᑻ ΓϬႷȨϬϬʥΓʈᅛҿᇧȨЄЄႸ ҿᇧȨЄЄᅡ༑ᅢᅝ

ҴᇧȨЄЄ ᑻ ɱ̋έЄʈᇧȨЄЄ Ⴤ ᇕ༑Ⴗ༧༹
ҴᇧȨЄЄ ᑻ ΓϬႷȨϬϬʥΓʈᅛҴᇧȨЄЄႸ ɱ̋έЄʈᇧȨЄЄჄ༑Ⴗཅ༹ᅝ
ҴᇧȨЄЄ ᑻ ΓϬႷȨϬϬʥΓʈᅛҴᇧȨЄЄႸ ɱ̋έЄʈᇧȨЄЄᅡ༑ᅢჄᇕ༑Ⴗ༧༹ᅝ

ϬҿϬ͟έфႷϬ͟έфᅛҿᇧȨЄЄႸ ҴᇧȨЄЄႸ ͟Ȩɡʥ͟ᑻЫʥ͟ˢႷ͟Ȩɡʥ͟ᅝ

ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ

def Ϭ͟έфᇧɱ͟ᅛЫʥ͟ˢႸ Ы̡Ӓʥᇧǜᑻ༹Ⴘ Ы̡ӒʥᇧǢᑻ༹Ⴘ Ĉᑻ༹༑Ⴘ ̡Γ̡фᇧˢ̡ˬѧЄʥᑻFalseႸ ʈʥфȨ̡͟ᑻሁȨ͟͟ሁᅝႹ
if ̡Γ̡фᇧˢ̡ˬѧЄʥႹ

ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢᅝᅝ
ᄆ ϬҿϬ͟έфႷȨҴ̡ЫᅛሁʥϻѧȨ͟ሁᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ
ϬҿϬ͟έфႷф̡ф͟ʥᅛሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ʈȨфȨ ˢέЄ Ȩ̡Єˢέ̡͟ ѧЫʥʈ ̡Γ Ҧ̡Γˬሁᅝ
ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛሂɱ͟ έˢ Ȩ̡Єˢέ̡͟ሂᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛሂ߂ሂᅝ

ᇧфʥЫф߂ ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛ༑Ⴘ ༡༹Ⴘ Ĉᅝ

ᄆ ϬҿϬ͟έфႷϬ͟έфᅛ߂ᇧʈʥˬᇧȨЄЄႸ ɱ͟ᇧȨЄЄႸ ሁᇕሁႸ ͟Ȩɡʥ͟ᑻሁέЄ̡ˬ̡ΓȨ͟ ʈȨфȨሁᅝ
ϬҿϬ͟έфႷϬ͟έфᅛ߂ᇧфʥЫфႸ Ыʥ͟ˢႷɱ͟ᇧˢᅛΓϬႷʈʥˬ༧ЄȨʈᅛ߂ᇧфʥЫфᅝᅝႸ ሁႷᇕᇕሁႸ ͟Ȩɡʥ͟ᑻሁ�̡Єˢέ̡͟ ѧЫʥʈ ̡Γ ሁ ᑷ Ыʥ͟ˢႷ͟Ȩɡʥ͟ᅝ

ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ

class PropellersᅛᅝႹ

ሂሂሂ
QႹ ʈ̡Ȩ΄ʥфʥЄ
ҿႹ ōέЫ̡ф̡έΓ έˢ ɱʥΓфʥЄ έˢ ϬЄέϬʥ͟͟ʥЄ έΓ Ҧ̡Γˬ ҿ ȨҴ̡Ы ᅛЫϬȨΓᅝ
ᄆ ЫϬ̡Γᇧʈ̡Єʥɱф̡έΓႹ ?͟έɱ͍Ҧ̡Ыʥ έЄ ɱέѧΓфʥЄᇕɱ͟έɱ͍Ҧ̡Ыʥ ЫϬ̡Γ ᅛ?͟έɱ͍Ҧ̡Ыʥ ᑻ ᇕ༡Ⴘ ?έѧΓфʥЄᇕɱ͟έɱ͍Ҧ̡Ыʥ ᑻ ༡ᅝ

4ѧф ЫϬ̡Γᇧʈ̡Єʥɱф̡έΓ ̡Ы Γέф ȨɱфѧȨ͟͟ҿ ѧЫʥʈ
ሂሂሂ
def ᇧᇧ̡Γ̡фᇧᇧᅛЫʥ͟ˢႸ QႸ ҿ༡ᑻ༑Ⴘ ҿ༧ᑻ༑ᅝႹ

Ыʥ͟ˢႷQ ᑻ Q
Ыʥ͟ˢႷŠ ᑻ Ыʥ͟ˢႷQ ᄶ ༧
Ыʥ͟ˢႷҿ༡ ᑻ ҿ༡
Ыʥ͟ˢႷҿ༧ ᑻ ҿ༧
ᄆ Ыʥ͟ˢႷЫϬ̡Γᇧʈ̡Є ᑻ ЫϬ̡Γᇧʈ̡Є

�



def ɱȨ͟ɱᇧҗ̡ᅛЫʥ͟ˢႸ ƇႸ ǃᇧ̡ΓˢႸ ߲ᅝႹ
җ̋ ᑻ Ыʥ͟ˢႷɱȨ͟ɱᇧҗ̋ᅛƇႸ ǃᇧ̡ΓˢႸ ߲ᅝ
җ̡ᇧҗ̋ ᑻ ᇕ ᅛǃᇧ̡Γˢ ᄶ ᅛ༧ Ⴤ җ̋ᅝᅝ ᑷ ΓϬႷЫϻЄфᅛ ᅛᅛǃᇧ̡Γˢ ᄶ ᅛ༧ Ⴤ җ̋ᅝᅝ ჄჄ ༧ᅝ ᑷ ༡ ᅝ
җ̡ ᑻ җ̡ᇧҗ̋ Ⴤ җ̋
return җ̡

def ɱȨ͟ɱᇧҗ̋ᅛЫʥ͟ˢႸ ƇႸ ǃᇧ̡ΓˢႸ ߲ᅝႹ
return ΓϬႷЫϻЄфᅛƇ ᄶ ᅛ༧ Ⴤ ߲ Ⴤ ߯ Ⴤ ᅛЫʥ͟ˢႷŠ ჄჄ ༧ᅝᅝᅝ

def ɱȨ͟ɱᇧ̋ᇧɱέ΄ϬᅛЫʥ͟ˢႸ Ⴘ߂ җ̡Ⴘ ʈʥˬᑻFalseᅝႹ
return ΓϬႷɱέЫᅛ߂ᅝ Ⴤ җ̡

def ɱȨ͟ɱᇧҗᇧɱέ΄ϬᅛЫʥ͟ˢႸ Ⴘ߂ җ̡Ⴘ ʈʥˬᑻFalseᅝႹ
return ᇕΓϬႷЫ̡Γᅛ߂ᅝ Ⴤ җ̡

def ʈЄȨҦᇧҦ̡ΓˬᅛᅝႹ
фʥЫфᇧҦ̡Γˬ ᑻ ᅡNoneᅢ Ⴤ ༭
фʥЫфᇧҦ̡Γˬᅡ༑ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༡༑Ⴘ ༡Ⴗ༹Ⴘ ༡Ⴗ༹Ⴘ ʥ̡͟͟ϬЫʥᑻFalseႸ ͟Ȩɡʥ͟ᑻሁųϻѧȨЄʥ Ҧ̡Γˬሁᅝ
фʥЫфᇧҦ̡Γˬᅡ༡ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༡༑Ⴘ ༡Ⴗ༹Ⴘ ༑Ⴗཅ༹Ⴘ ʥ̡͟͟ϬЫʥᑻFalseႸ ͟Ȩɡʥ͟ᑻሁƇȨϬʥЄʥʈ Ҧ̡Γˬሁᅝ
фʥЫфᇧҦ̡Γˬᅡ༧ᅢ ᑻ ǐ̡Γˬᅛᅛlambda Ⴙ߂ ༧Ⴤ߯Ⴤ߂ᅝႸ ༡༑Ⴘ ༡Ⴗ༹Ⴘ ༑Ⴗཅ༹Ⴘ ʥ̡͟͟ϬЫʥᑻTrueႸ ͟Ȩɡʥ͟ᑻሁe̡͟͟Ϭф̡ɱȨ͟ Ҧ̡Γˬ ᅛ༧߯߂ᅝሁᅝ
фʥЫфᇧҦ̡Γˬᅡ༑ᅢႷʈЄȨҦᅛ̡Γ̡фᇧˢ̡ˬѧЄʥᑻTrueᅝ
for Ҧ̡Γˬ in фʥЫфᇧҦ̡Γˬᅡ༡ႹᅢႹ

Ҧ̡ΓˬႷʈЄȨҦᅛᅝ
фʥЫфᇧҦ̡Γˬᅡ༑ᅢႷϬ͟έфᇧɱ͟ᅛ̡Γ̡фᇧˢ̡ˬѧЄʥᑻTrueᅝ
for Ҧ̡Γˬ in фʥЫфᇧҦ̡Γˬᅡ༡ႹᅢႹ

Ҧ̡ΓˬႷϬ͟έфᇧɱ͟ᅛᅝ

ʈЄȨҦᇧҦ̡Γˬᅛᅝ

��



5IF BCPWF DIBSUT BSF KVTU VTFE GPS UFTUJOH� :PV DBO TFF UIF TRVBSF 6"7 XJOH UIBU JT VTFE JO UIF 6"7
 QMVT PG
UIF DPFऀDJFOU PG MJGU
 DPNQBSJOH �ɿɰ UP UIF DPFऀDJFOU PG MJGU EBUB HJWFO JO UIF BTTJHONFOU GPS /"$"���� BT
B TBOJUZ DIFDL�

����� %F։OF XJOHT UP UFTU
5IFTF BSF KVTU TPNF EFࣾOJUJPOT PG XJOHT * VTFE UP UFTU NZ/VNFSJDBM -JGUJOH�-JOF 4PMWFS UPNBLF TVSF JU XPSLT
QSPQFSMZ� 0OMZ UIF TRVBSF XJOH JT BDUVBMMZ VTFE JO UIF ࣾOBM BOBMZTJT SFRVFTUFE CZ UIF MFBE 6"7 FOHJOFFS�

ᅡ༳ᅢႹ Ҧ̡ΓˬЫ ᑻ ΓϬႷʥ΄Ϭфҿᅛ༹Ⴘ ʈфҿϬʥᑻǐ̡Γˬᅝ
Ҧ̡ΓˬЫᅡ༑ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༭Ⴗ༑༳ཋ༑Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ͟Ȩɡʥ͟ᑻሁųϻѧȨЄʥ Ҧ̡Γˬሁᅝ
Ҧ̡ΓˬЫᅡ༡ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༭Ⴗ༑༳ཋ༑Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ɱᇧф̡Ϭᑻ༑Ⴗ༳༹ཅ༧ᄶ༧Ⴘ ͟Ȩɡʥ͟ᑻሁƇȨϬʥЄʥʈ Ҧ̡Γˬ фέ ༑Ⴗ༹ɱሁᅝ
Ҧ̡ΓˬЫᅡ༧ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༭Ⴗ༑༳ཋ༑Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ʥ̡͟͟ϬЫʥᑻTrueႸ ͟Ȩɡʥ͟ᑻሁe̡͟͟Ϭф̡ɱȨ͟ Ҧ̡Γˬሁᅝ
Ҧ̡ΓˬЫᅡ༭ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༭Ⴗ༑༳ཋ༑ ᄶ ༡Ⴗ༳༡༹Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ɱᇧф̡Ϭᑻ༑Ⴗ༳༹ཅ༧ᄶ༧Ⴘ ͟Ȩɡʥ͟ᑻሁ༡ད༧༿ Ҧ̡Γˬ Ҧ̡ф̋ �ŠᄶȨ༑ ᑻ ༡Ⴗ༑ሁᅝ
Ҧ̡ΓˬЫᅡ༳ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༡༑༑Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ɱᇧф̡Ϭᑻ༑Ⴗ༳༹ཅ༧Ⴘ ͟Ȩɡʥ͟ᑻሁ·ΓЫȨΓʥ �Šሁᅝ

����� $SFBUF /VNFSJDBM -JGU -JOF 4PMWFS DMBTT UP TPMWF UIF MJGU EJTUSJCVUJPO BDSPTT UIF XJOH
5IJT JT BO JNQMFNFOUBUJPO PG UIF /VNFSJDBM -JGUJOH -JOF 4PMWFS NFUIPEPMPHZ EFTDSJCFE BCPWF�

ᅡ༹ᅢႹ ᄆ ųέ΄ʥ �Єʥʥ͍ ͟ʥффʥЄЫႹ ߯ ߂ ۂ ߋ ۅ ߲ ᒋ

class WingSolutionႹ

def ᇧᇧ̡Γ̡фᇧᇧᅛЫʥ͟ˢႸ Ҧ̡ΓˬႸ Ⴘ߂ ǃᇧ̡ΓˢႸ ߲ᇧ̡ΓˢႸ ҿᇧɡႸ ҿᇧфႸ ҿᇧɡᇧۅႸ ɱ̋έЄʈᇧɡႸ ᇧɡႸۂ ᇧфႸۂ ᇧʥˢˢႸ߂ ᇧ̡Ⴘ߂ ǃᇧ̡ΓႸ ǃᇧ̡ΓˢᇧɡႸ ƇᅝႹ

��



Ыʥ͟ˢႷҦ̡Γˬ ᑻ Ҧ̡Γˬ
Ыʥ͟ˢႷ߂ ᑻ ߂
Ыʥ͟ˢႷǃᇧ̡Γˢ ᑻ ǃᇧ̡Γˢ
Ыʥ͟ˢႷ߲ᇧ̡Γˢ ᑻ ߲ᇧ̡Γˢ
Ыʥ͟ˢႷҿᇧɡ ᑻ ҿᇧɡ
Ыʥ͟ˢႷҿᇧф ᑻ ҿᇧф
Ыʥ͟ˢႷҿᇧɡᇧۅ ᑻ ҿᇧɡᇧۅ
Ыʥ͟ˢႷɱ̋έЄʈᇧɡ ᑻ ɱ̋έЄʈᇧɡ
Ыʥ͟ˢႷۂᇧɡ ᑻ ᇧɡۂ
Ыʥ͟ˢႷۂᇧф ᑻ ᇧфۂ
Ыʥ͟ˢႷ߂ᇧʥˢˢ ᑻ ᇧʥˢˢ߂
Ыʥ͟ˢႷ߂ᇧ̡ ᑻ ᇧ̡߂
Ыʥ͟ˢႷǃᇧ̡Γ ᑻ ǃᇧ̡Γ
Ыʥ͟ˢႷǃᇧ̡Γˢᇧɡ ᑻ ǃᇧ̡Γˢᇧɡ
Ыʥ͟ˢႷƇ ᑻ Ƈ
ᄆ ɱȨ͟ɱѧ͟Ȩфʥʈ җȨ͟ѧʥЫ
Ыʥ͟ˢႷèᇧɡ ᑻ ߲ᇧ̡Γˢ Ⴤ ǃᇧ̡Γˢ Ⴤ ᇧɡۂ
Ыʥ͟ˢႷè̡ˢф ᑻ ΓϬႷЫѧ΄ᅛЫʥ͟ˢႷèᇧɡჄҿᇧɡᇧۅჄΓϬႷɱέЫᅛ߂ ᇕ ᇧʥˢˢᅝᅝ߂
Ыʥ͟ˢႷɱ͟ᇧɡ ᑻ ༧ Ⴤ Ыʥ͟ˢႷèᇧɡ ᄶ ᅛɱ̋έЄʈᇧɡ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡Γˢᇧɡ ჄჄ ༧ᅝᅝ
Ыʥ͟ˢႷ?è ᑻ ༧ Ⴤ Ыʥ͟ˢႷè̡ˢф ᄶ ᅛЫʥ͟ˢႷҦ̡ΓˬႷȨЄʥȨ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡Γˢ ჄჄ ༧ᅝᅝ

Ыʥ͟ˢႷQ̡ᇧɡ ᑻ Ыʥ͟ˢႷèᇧɡ Ⴤ ΓϬႷЫ̡Γᅛ߂ᇧ̡ᅝ
Ыʥ͟ˢႷQЄȨˬᇧ̡ ᑻ ΓϬႷЫѧ΄ᅛЫʥ͟ˢႷQ̡ᇧɡჄҿᇧɡᇧۅᅝ
Ыʥ͟ˢႷɱʈᇧɡ ᑻ ༧ Ⴤ Ыʥ͟ˢႷQ̡ᇧɡ ᄶ ᅛҿᇧɡᇧۅ Ⴤ ɱ̋έЄʈᇧɡ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡Γˢᇧɡ ჄჄ ༧ᅝᅝ
Ыʥ͟ˢႷ?Q̡ ᑻ ༧ Ⴤ Ыʥ͟ˢႷQЄȨˬᇧ̡ ᄶ ᅛЫʥ͟ˢႷҦ̡ΓˬႷȨЄʥȨ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡Γˢ ჄჄ ༧ᅝᅝ

def Ϭ͟έфᇧˢᅛЫʥ͟ˢႸ ҴႸ ҿႸ ф̡ф͟ʥᑻሁሁႸ Ҵ͟Ȩɡʥ͟ᑻሁሁႸ ҿ͟Ȩɡʥ͟ᑻሂҿ ᅛЫϬȨΓᅝሂႸ Ҵ̡͟΄ᑻNoneႸ ҿ̡͟΄ᑻNoneႸ Ы̡Ӓʥᇧǜᑻ༡༑Ⴘ Ы̡ӒʥᇧǢᑻ༡༑Ⴘ ̡Γ̡ф̡Ȩ̡͟ӒʥᑻTrueᅝႹ
if ̡Γ̡ф̡Ȩ̡͟ӒʥႹ

ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢᅝᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ
ϬҿϬ͟έфႷф̡ф͟ʥᅛф̡ф͟ʥᅝ
ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛҴ͟Ȩɡʥ͟ᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛҿ͟Ȩɡʥ͟ᅝ

ᄆ QЄȨҦ ф̋ʥ Ϭ͟έф
ϬҿϬ͟έфႷϬ͟έфᅛҴႸ ҿᅝ
if Ҵ̡͟΄ is not NoneႹ

ϬҿϬ͟έфႷҴ̡͟΄ᅛҴ̡͟΄ᅝ
if ҿ̡͟΄ is not NoneႹ

ϬЄ̡ΓфᅛሁЫʥф Ǣሁᅝ
ϬҿϬ͟έфႷҿ̡͟΄ᅛҿ̡͟΄ᅝ

ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ
ϬҿϬ͟έфႷЫ̋έҦᅛᅝ
return

def Ϭ͟έфᇧȨ͟͟ᅛЫʥ͟ˢᅝႹ
Ыʥ͟ˢႷϬ͟έфᇧˢᅛЫʥ͟ˢႷҿᇧɡႸ Ыʥ͟ˢႷҿᇧɡᇧۅႸ Єሁe͟ʥ΄ Ы̡Ӓʥ җЫ Ҧ̡Γˬ ЫϬȨΓሁႸ ЄሂҿᇧɡᇧۅሂႸ ҿ̡͟΄ᑻᅛ༑Ⴘ༡ᅝᅝ
Ыʥ͟ˢႷϬ͟έфᇧˢᅛЫʥ͟ˢႷҿᇧɡႸ Ыʥ͟ˢႷɱ̋έЄʈᇧɡႸ Єሁ?̋έЄʈ җЫ Ҧ̡Γˬ ЫϬȨΓሁႸ Єሂ?̋έЄʈሂᅝ
Ыʥ͟ˢႷϬ͟έфᇧˢᅛЫʥ͟ˢႷҿᇧɡႸ Ыʥ͟ˢႷۂᇧɡႸ Єሁ?̡Єɱѧ͟Ȩф̡έΓ ቢۂᇧɡቢ җЫ Ҧ̡Γˬ ЫϬȨΓሁႸ Єሂቢèቢሂᅝ
Ыʥ͟ˢႷϬ͟έфᇧˢᅛЫʥ͟ˢႷҿᇧɡႸ Ыʥ͟ˢႷɱ͟ᇧɡႸ Єሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ቢɱᇧ{l}ቢ җЫ Ҧ̡Γˬ ЫϬȨΓሁႸ Єሂቢɱᇧ{l}ቢሂᅝᄆႸ ҿ̡͟΄ᑻᅛᇕ༑Ⴗ༹Ⴘ༡Ⴗ༹ᅝᅝ
Ыʥ͟ˢႷϬ͟έфᇧˢᅛЫʥ͟ˢႷҿᇧɡႸ Ыʥ͟ˢႷǃᇧ̡ΓႸ Єሁ·Γʈѧɱʥʈ җʥ͟έɱ̡фҿ ቢǃᇧ{in}ቢ җЫ Ҧ̡Γˬ ЫϬȨΓሁႸ Єሂǃᇧ{in}ሂᅝ
Ыʥ͟ˢႷϬ͟έфᇧˢᅛЫʥ͟ˢႷҿᇧɡႸ ΓϬႷЄȨʈ༧ʈʥˬᅛЫʥ͟ˢႷ߂ᇧ̡ᅝႸ Єሁ·Γʈѧɱʥʈ ȨΓˬ͟ʥ έˢ ȨффȨɱ͍ ቢ߂ᇧ{i}ቢ җЫ Ҧ̡Γˬ ЫϬȨΓሁႸ ሂ߂ᇧ̡ሂᅝ

class NumericalLiftLineSolverႹ

def ᇧᇧ̡Γ̡фᇧᇧᅛЫʥ͟ˢႸ Ҧ̡ΓˬႸ ϬЄέϬʥ͟͟ʥЄЫ ᑻ NoneႸ Ĉᑻ༡༑༑Ⴘ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᑻ༡༑༑༑༑Ⴘ ʥᇧΓᑻ༑Ⴗ༑༑༑༑༡Ⴘ Qᑻ༑Ⴗ༑༹Ⴘ Ϭέ͟ȨЄᑻTrueᅝႹ
Ыʥ͟ˢႷҦ̡Γˬ ᑻ Ҧ̡Γˬ
Ыʥ͟ˢႷϬЄέϬʥ͟͟ʥЄЫ ᑻ ϬЄέϬʥ͟͟ʥЄЫ
Ыʥ͟ˢႷĈ ᑻ Ĉ
Ыʥ͟ˢႷ΄ȨҴᇧ̡фʥЄȨф̡έΓЫ ᑻ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫ
Ыʥ͟ˢႷʥᇧΓ ᑻ ʥᇧΓ
Ыʥ͟ˢႷQ ᑻ Q
Ыʥ͟ˢႷϬέ͟ȨЄ ᑻ Ϭέ͟ȨЄ

def ˬʥфᇧϬȨЄȨ΄ЫᅛЫʥ͟ˢᅝႹ
return Ыʥ͟ˢႷĈႸ Ыʥ͟ˢႷ΄ȨҴᇧ̡фʥЄȨф̡έΓЫႸ Ыʥ͟ˢႷʥᇧΓႸ Ыʥ͟ˢႷQႸ Ыʥ͟ˢႷϬέ͟ȨЄ

def ɱȨ͟ɱᇧۂᅛǃᇧ̡ΓˢႸ ɱ̋έЄʈႸ ɱ͟ᅝႹ
return ༡ᄶ༧ Ⴤ ǃᇧ̡Γˢ Ⴤ ɱ̋έЄʈ Ⴤ ɱ͟

ᄆ �ЫЫѧ΄ʥЫ ϬЄέϬʥ͟͟ʥЄЫ ʈέΓሂф έҗʥЄ͟ȨϬႸ ɡʥɱȨѧЫʥ ф̋ȨфሂЫ Γέф ̡Γ ф̋ʥ ȨЫЫ̡ˬΓ΄ʥΓф
def ɱȨ͟ɱᇧϬЄέϬᇧɡέέ͟ᇧȨЄЄȨҿᅛЫʥ͟ˢႸ ҿᇧɡႸ ϬЄέϬʥ͟͟ʥЄЫᅝႹ

ᄆ ɱ̋ʥɱ͍ ̡ˢ ҿᇧɡ ̡Ы ɡʥ̡̋Γʈ ʥȨɱ̋ ϬЄέϬʥ͟͟ʥЄ
ҿᇧɡᇧϬЄέϬ ᑻ ΓϬႷʥ΄ϬфҿᅛЫ̋ȨϬʥᑻҿᇧɡႷЫ̡ӒʥႸ ʈфҿϬʥᑻɡέέ͟ᅝ
for ̡ in ЄȨΓˬʥᅛҿᇧɡႷЫ̡ӒʥᅝႹ

ᄆ ϬЄ̡ΓфᅛΓϬႷȨɡЫᅛҿᇧɡᅡ̡ᅢ ᇕ ϬЄέϬʥ͟͟ʥЄЫႷҿ༡ᅝᅝ
ҿᇧɡᇧϬЄέϬᅡ̡ᅢ ᑻ ᅛΓϬႷȨɡЫᅛҿᇧɡᅡ̡ᅢ ᇕ ϬЄέϬʥ͟͟ʥЄЫႷҿ༡ᅝ ᒁᑻ ϬЄέϬʥ͟͟ʥЄЫႷŠᅝ or ᅛΓϬႷȨɡЫᅛҿᇧɡᅡ̡ᅢ ᇕ ϬЄέϬʥ͟͟ʥЄЫႷҿ༧ᅝ ᒁᑻ ϬЄέϬʥ͟͟ʥЄЫႷޫŠᅝ

return ҿᇧɡᇧϬЄέϬ

ᄆ Ƈ ̡Ы ф̋ЄѧЫф έˢ e�?¥ ϬЄέϬʥ͟͟ʥЄႸ Ыέ ƇǐĜ ϬЄέϬʥ͟͟ʥЄЫ ᑻ ༧Ҵ ф̋ʥ ф̋ЄѧЫфႼ
def Ыέ͟җʥᅛЫʥ͟ˢႸ Ⴘ߂ ǃᇧ̡ΓˢႸ Ƈᑻ༑Ⴘ ߲ᇧ̡Γˢᑻ༡Ⴗ༧༧༹Ⴘ ᇧʈʥˬᑻTrueႸ߂ ʈЄȨҦᑻFalseႸ ʈʥɡѧˬᑻTrueᅝႹ

ĈႸ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫႸ ʥᇧΓႸ QႸ Ϭέ͟ȨЄ ᑻ Ыʥ͟ˢႷˬʥфᇧϬȨЄȨ΄Ыᅛᅝ
if ᇧʈʥˬႹ߂

߂ ᑻ ΓϬႷʈʥˬ༧ЄȨʈᅛ߂ᅝ

��



ᄆ ༡Ⴗ Q̡җ̡ʈʥ Ҧ̡Γˬ ̡Γфέ ͍ ʥ͟ʥ΄ʥΓфЫ ᅛ͍ᑷ༡ ɱѧфЫᅝႸ ʥȨɱ̋ ЫфȨф̡έΓ Ҧ̡͟͟ ɡʥ ЄʥϬЄʥЫʥΓфʥʈ ɡҿ ̡фЫ ϬέЫ̡ф̡έΓ έΓ ф̋ʥ ҿ ȨҴ̡Ы
Ĉᇧ΄̡Γ ᑻ ༡
if Ĉ ᒁ Ĉᇧ΄̡ΓႹ

raise Exceptionᅛሁe͟ʥ΄ʥΓфЫ ΄ѧЫф ɡʥ Ȩф ͟ʥȨЫф %dሁ ᒪ ͍ᇧ΄̡Γᅝ
if ΄ȨҴᇧ̡фʥЄȨф̡έΓЫ ᒁ ༑Ⴙ

raise ExceptionᅛሁÿȨҴ ̡фʥЄȨф̡έΓЫ ΄ѧЫф ɡʥ Ȩф ͟ʥȨЫф ༑Ⴗሁᅝ
Ø ᑻ Ĉᑷ༡
if Ϭέ͟ȨЄႹ

ᇧфߗ ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛ༑Ⴘ ߯Ⴘ Øᅝ
ҿᇧф ᑻ ᇕ Ыʥ͟ˢႷҦ̡ΓˬႷɡ ᄶ ༧ Ⴤ ΓϬႷɱέЫᅛߗᇧфᅝ

elseႹ
ҿᇧф ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛᇕЫʥ͟ˢႷҦ̡ΓˬႷɡᄶ༧Ⴘ Ыʥ͟ˢႷҦ̡ΓˬႷɡᄶ༧Ⴘ Øᅝ

ҿᇧɡ ᑻ ᅛҿᇧфᅡ༡Ⴙᅢ ᑷ ҿᇧфᅡႹᇕ༡ᅢᅝ ᄶ ༧
ҿᇧфᇧɱ̋έЄʈЫ ᑻ Ыʥ͟ˢႷҦ̡ΓˬႷɱȨ͟ɱᇧɱᇧˢЄέ΄ᇧҿᅛҿᇧфᅝ

ҿᇧɡᇧۅ ᑻ ΓϬႷʈ̡ˢˢᅛҿᇧфᅝ
ΓϬႷЫʥфᇧϬЄ̡ΓфέϬф̡έΓЫᅛˢέЄ΄ȨффʥЄᑻᅟሂˢ͟έȨфሂႹ lambda ҴႹ ሁ{0:0.10f}ሁႷˢέЄ΄ȨфᅛҴᅝᅠᅝ
ᄆ ϬЄ̡Γфᅛҿᇧфᅝ
ᄆ ϬЄ̡Γфᅛҿᇧɡᇧۅᅝ

ᄆ eȨɱ̋ ʥ͟ʥ΄ʥΓф ̋ȨЫ ɡέѧΓʈ җέЄфʥҴ ᇧɡႸۂ ɱ͟ᅛ߂ᇧʥˢˢᅝႸ ɱ̋έЄʈႸ ΄ᇧˬʥέ߂
ᄆ eȨɱ̋ ɱѧф ̋ȨЫ фЄȨ̡̡͟Γˬ җέЄфʥҴ ᇧфۂ
if ᅛnot Ыʥ͟ˢႷϬЄέϬʥ͟͟ʥЄЫ ᑻᑻ Noneᅝ and not Ƈᑻᑻ༑Ⴗ༑Ⴙ

ɱȨ͟ɱᇧϬЄέϬ ᑻ True
ᄆ ϬЄ̡Γфᅛሁ?Ȩ͟ɱѧ͟Ȩф̡Γˬ Ҧ̡ф̋ ф̋ЄѧЫфሁᅝ
ᄆ �έЄ ʥȨɱ̋ ʥ͟ʥ΄ʥΓфႸ Ҧʥ Γʥʥʈ фέ ʈʥфʥЄ΄̡Γʥ ̡ˢ ̡ф ̡Ы ɡʥ̡̋Γʈ ф̋ʥ ϬЄέϬʥ͟͟ʥЄ έЄ ΓέфႸ ѧЫ̡Γˬ ̡фЫ ΄̡ʈϬέ̡Γф
ᄆ Ƈ̋ʥΓ ЫфέЄʥ ф̡̋Ы ̡Γ Ȩ ɡέέ͟ʥȨΓ ȨЄЄȨҿ
ҿᇧɡᇧ̡ΓᇧϬЄέϬᇧҦȨ͍ʥ ᑻ Ыʥ͟ˢႷɱȨ͟ɱᇧϬЄέϬᇧɡέέ͟ᇧȨЄЄȨҿᅛҿᇧɡႸ ϬЄέϬʥ͟͟ʥЄЫᅝ
ᄆ èʥфሂЫ Ȩ͟Ыέ ɱȨ͟ɱѧ͟Ȩфʥ ф̋ʥ ϬЄέϬʥ͟͟ʥЄ җ̡ ȨΓʈ ф̋ѧЫ ̡фሂЫ ɱέΓфЄ̡ɡѧф̡έΓ фέ ˢЄʥʥЫфЄʥȨ΄ җʥ͟έɱ̡фҿ ȨΓʈ ̡Γʈѧɱʥʈ җʥ͟έɱ̡фҿ
ϬЄέϬᇧҗ̡ ᑻ ϬЄέϬʥ͟͟ʥЄЫႷɱȨ͟ɱᇧҗ̡ᅛƇႸ ǃᇧ̡ΓˢႸ ߲ᇧ̡Γˢᅝ

ᄆϬЄέϬᇧҗ̡ᇧ̋ ᑻ Ыʥ͟ˢႷϬЄέϬʥ͟͟ʥЄЫႷɱȨ͟ɱᇧ̋ᇧɱέ΄Ϭᅛ߂Ⴘ ϬЄέϬᇧҗ̡Ⴘ ʈʥˬᑻ�Ȩ͟Ыʥᅝ
ᄆϬЄέϬᇧҗ̡ᇧҗ ᑻ Ыʥ͟ˢႷϬЄέϬʥ͟͟ʥЄЫႷɱȨ͟ɱᇧҗᇧɱέ΄Ϭᅛ߂Ⴘ ϬЄέϬᇧҗ̡Ⴘ ʈʥˬᑻ�Ȩ͟Ыʥᅝ

ϬЄέϬᇧҗ̡ᇧ̋ ᑻ Ыʥ͟ˢႷϬЄέϬʥ͟͟ʥЄЫႷɱȨ͟ɱᇧ̋ᇧɱέ΄Ϭᅛ߂Ⴘ ϬЄέϬᇧҗ̡Ⴘ ʈʥˬᑻFalseᅝ
ϬЄέϬᇧҗ̡ᇧҗ ᑻ Ыʥ͟ˢႷϬЄέϬʥ͟͟ʥЄЫႷɱȨ͟ɱᇧҗᇧɱέ΄Ϭᅛ߂Ⴘ ϬЄέϬᇧҗ̡Ⴘ ʈʥˬᑻFalseᅝ

ᄆ ϬЄ̡ΓфᅛሁϬЄέϬᇧҗ̡ᇧ̋Ⴙ ᒪ༑Ⴗ༡ˢሁ ᒪ ϬЄέϬᇧҗ̡ᇧ̋ᅝ
ᄆ ϬЄ̡ΓфᅛሁϬЄέϬᇧҗ̡ᇧҗႹ ᒪ༑Ⴗ༡ˢሁ ᒪ ϬЄέϬᇧҗ̡ᇧҗᅝ

ᄆ ϬЄ̡Γфᅛҿᇧɡᇧ̡ΓᇧϬЄέϬᇧҦȨ͍ʥᅝ

ᇧϬЄέϬ߂ ᑻ ΓϬႷȨЄɱфȨΓᅛᇕ ᅛϬЄέϬᇧҗ̡ᇧҗ ᄶ ᅛϬЄέϬᇧҗ̡ᇧ̋ ᑷ ǃᇧ̡Γˢᅝ Ⴤ ҿᇧɡᇧ̡ΓᇧϬЄέϬᇧҦȨ͍ʥᅝᅝ
ᄆ ϬЄ̡Γфᅛ߂ᇧϬЄέϬᅝ

elseႹ
ɱȨ͟ɱᇧϬЄέϬ ᑻ False
ᄆ ϬЄ̡Γфᅛሁ·ˬΓέЄ̡Γˬ ф̋ЄѧЫфሁᅝ
ҿᇧɡᇧ̡ΓᇧϬЄέϬᇧҦȨ͍ʥ ᑻ ΓϬႷȨЄЄȨҿᅛᅡFalseᅢ Ⴤ ҿᇧɡႷЫ̡Ӓʥᅝ
ϬЄέϬᇧҗ̡ ᑻ ༑
ϬЄέϬᇧҗ̡ᇧ̋ ᑻ ༑
ϬЄέϬᇧҗ̡ᇧҗ ᑻ ༑

ᇧϬЄέϬ߂ ᑻ ༑

ᄆ ༧Ⴗ ·Γ̡ф̡Ȩ̡͟Ӓʥ ф̋ʥ ɡέѧΓʈ ᇧɡۂ җέЄфʥҴ ʈ̡ЫфЄ̡ɡѧф̡έΓ фέ ȨΓ ʥ̡͟͟Ϭф̡ɱȨ͟ έΓʥ ᅛɱᇧ͟ ɱέΓЫфȨΓфႸ Ыέ ᇧ̡߂ ̡Ы ༑ᅝ
ɱ̋έЄʈᇧɡ ᑻ Ыʥ͟ˢႷҦ̡ΓˬႷɱȨ͟ɱᇧɱᇧˢЄέ΄ᇧҿᅛҿᇧɡᅝ
ᇧʥˢˢ߂ ᑻ ΓϬႷȨЄЄȨҿᅛᅡ߂ᅢ Ⴤ Ĉᅝ ᇕ ᇧϬЄέϬ߂
ɱ͟ᇧɡ ᑻ Ыʥ͟ˢႷҦ̡ΓˬႷˬʥфᇧɱ͟ᅛ߂ᇧʥˢˢᅝ

ᄆ ÿȨ͍ʥ ǃᇧ̡Γˢ ȨΓ ȨЄЄȨҿ ѧЫ̡Γˬ ϬЄέϬᇧҗ̡ᇧ̋ ȨΓʈ ǃᇧ̡Γˢ
ǃᇧ̡ΓˢᇧɡᇧȨЄЄ ᑻ ǃᇧ̡Γˢ ᑷ ϬЄέϬᇧҗ̡ᇧ̋ Ⴤ ҿᇧɡᇧ̡ΓᇧϬЄέϬᇧҦȨ͍ʥ

ᇧɡۂ ᑻ ༡ᄶ༧ Ⴤ ǃᇧ̡ΓˢᇧɡᇧȨЄЄ Ⴤ ɱ̋έЄʈᇧɡ Ⴤ ɱ͟ᇧɡ
ᄆ 4έέ͟ җȨЄ̡Ȩɡ͟ʥ фέ ɱ̋ʥɱ͍ ̡ˢ Ҧʥ ̋Ȩҗʥ ɱέΓҗʥЄˬʥʈ Ыέ͟ѧф̡έΓ έˢ ̡ˢ Ҧʥ ̡̋ф ΄ȨҴ ̡фʥЄȨф̡έΓЫႺ фέфȨ͟ ʥЄЄέЄ
ɱέΓҗʥЄˬʥʈ ᑻ False
ᇧɡᇧʈ̡ˢˢۂ ᑻ ༑
ᇧ̡߂ ᑻ ΓϬႷӒʥЄέЫᅛۂᇧɡႷЫ̡Ӓʥᅝ
ᇧɡᇧʈ̡ˢˢᇧȨЄЄۂ ᑻ ΓϬႷȨЄЄȨҿᅛᅡᅢᅝ

ᄆ ǃᇧ̡Γ ̡Ы ̡Γ̡ф̡Ȩ̡͟Ӓʥʈ фέ ༑ Ϭ͟ѧЫ ϬЄέϬʥ͟͟ʥЄ ʈέҦΓҦȨЫ̋
ǃᇧ̡Γ ᑻ ΓϬႷӒʥЄέЫᅛۂᇧɡႷЫ̋ȨϬʥᅝ ᄆ ᑷ ϬЄέϬᇧҗ̡ᇧҗ Ⴤ ҿᇧɡᇧ̡ΓᇧϬЄέϬᇧҦȨ͍ʥ
for ̡фʥЄȨф̡έΓ in ЄȨΓˬʥᅛ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᅝႹ

if ʈʥɡѧˬႹ
ᄆ ?Ȩ͟ɱѧ͟Ȩфʥ ̡͟ˢф ʈ̡ЫфЄ̡ɡѧф̡έΓ ˢЄέ΄ ᇧɡႸۂ фέфȨ͟ ̡͟ˢф ȨΓʈ ɱέʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф
èᇧɡ ᑻ ߲ᇧ̡Γˢ Ⴤ ǃᇧ̡ΓˢᇧɡᇧȨЄЄ Ⴤ ᇧɡۂ
è̡ˢф ᑻ ΓϬႷЫѧ΄ᅛèᇧɡჄҿᇧɡᇧۅᅝ
?è ᑻ ༧ Ⴤ è̡ˢф ᄶ ᅛЫʥ͟ˢႷҦ̡ΓˬႷȨЄʥȨ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡Γˢ ჄჄ ༧ᅝᅝ
ϬЄ̡ΓфᅛሁŠѧΓΓ̡Γˬ ̡фʥЄȨф̡έΓ %d έѧф έˢ %dႷ èȨЫф ʥЄЄέЄႹ %0.10fႷ ·ΓϬѧф ?èႹ %0.3fሁ ᒪ ᅛ̡фʥЄȨф̡έΓᑷ༡Ⴘ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫႸ᩠ޫۂᇧɡᇧʈ̡ˢˢႸ ?èᅝႸ ʥΓʈᑻሁ\rሁᅝ

ᄆ ༭Ⴗ ?Ȩ͟ɱѧ͟Ȩфʥ ф̋ʥ фЄȨ̡͟ʥʈ җέЄф̡ɱʥЫ ѧЫ̡Γˬ ф̋ʥ ̡ΓϬѧф ɡέѧΓʈʥʈ җέЄф̡ɱʥЫ
ᇧфۂ ᑻ ΓϬႷʈ̡ˢˢᅛۂᇧɡᅝ
ᇧфۂ ᑻ ΓϬႷɱέΓɱȨфʥΓȨфʥᅛᅛᅡۂᇧɡᅡ༑ᅢᅢႸ ᇧфႸۂ ᅡᇕۂᇧɡᅡᇕ༡ᅢᅢᅝᅝ
ᄆ ϬЄ̡Γфᅛۂᇧфᅝ

��



ᄆ ༳Ⴗ ?Ȩ͟ɱѧ͟Ȩфʥ ф̋ʥ ̡Γʈѧɱʥʈ җʥ͟έɱ̡фҿ ൚ᇧ̡Γ Ȩф ʥȨɱ̋ ʥ͟ʥ΄ʥΓф Γ
ᄆ ǃᇧ̡ΓᇧߠᇧΓέᇧϬЄέϬ ᑻ ͟Ȩ΄ɡʈȨ Γ Ⴙ ΓϬႷЫѧ΄ᅛᅡᇕۂᇧфᅡ͍ᅢᄶᅛ༳Ⴤ߯ჄᅛҿᇧɡᅡΓᅢ ᇕ ҿᇧфᅡ͍ᅢᅝᅝ ˢέЄ ͍ ̡Γ ЄȨΓˬʥ ᅛØᅝᅢᅝ ᄆ ᑷ ϬЄέϬᇧҗ̡ᇧ̋ Ⴤ᩠ޫҿᇧɡᇧ̡ΓᇧϬЄέϬᇧҦȨ͍ʥᅡΓᅢ
ᄆ ǃᇧ̡ΓᇧΓέᇧϬЄέϬ ᑻ ΓϬႷȨЄЄȨҿᅛᅡǃᇧ̡ΓᇧߠᇧΓέᇧϬЄέϬᅛΓᅝ ˢέЄ Γ ̡Γ ЄȨΓˬʥᅛĈᅝᅢᅝ

ǃᇧ̡Γᇧߠ ᑻ lambda Γ Ⴙ ΓϬႷЫѧ΄ᅛᅡᇕۂᇧфᅡ͍ᅢᄶᅛ༳Ⴤ߯ჄᅛҿᇧɡᅡΓᅢ ᇕ ҿᇧфᅡ͍ᅢᅝᅝ for ͍ in ЄȨΓˬʥ ᅛØᅝᅢᅝ ᑷ ϬЄέϬᇧҗ̡ᇧҗ Ⴤ ҿᇧɡᇧ̡ΓᇧϬЄέϬᇧҦȨ͍ʥᅡΓᅢ
ǃᇧ̡Γ ᑻ ΓϬႷȨЄЄȨҿᅛᅡǃᇧ̡ΓᇧߠᅛΓᅝ for Γ in ЄȨΓˬʥᅛĈᅝᅢᅝ
ᄆ ϬЄ̡Γфᅛሁǃᇧ̡Γ ĈĜ ōŠĜō ሁ ᑷ ЫфЄᅛǃᇧ̡ΓᇧΓέᇧϬЄέϬᅝ ᑷ ሁᄸΓሁ ᑷ ሁǃᇧ̡Γ ǐ·Ƈ¥ ōŠĜōሁ ᑷ ЫфЄᅛǃᇧ̡Γᅝᅝ

ᄆ ༹Ⴗ ?Ȩ͟ɱѧ͟Ȩфʥ ф̋ʥ ̡Γʈѧɱʥʈ ȨΓˬ͟ʥ έˢ ȨффȨɱ͍
ᇧ̡߂ ᑻ ΓϬႷȨЄɱфȨΓᅛᇕ ǃᇧ̡Γ ᄶ ǃᇧ̡ΓˢᇧɡᇧȨЄЄᅝ
ᄆ ᇧ̡߂ ᑻ ᇕǃᇧ̡Γ ᄶ ǃᇧ̡Γˢ
ᄆ ༿Ⴗ ?Ȩ͟ɱѧ͟Ȩфʥ ʥˢˢʥɱф̡җʥ ȨΓˬ͟ʥ έˢ ȨффȨɱ͍
ᄆ ᇧʥˢˢ߂ ᑻ ߂ ᇕ ᇧ̡߂
ᇧʥˢˢ߂ ᑻ ߂ ᇕ ᇧ̡߂ ᄆ ᇕ ᇧϬЄέϬ߂
ᄆ ϬЄ̡Γфᅛ߂ᇧʥˢˢᅝ
ᄆ ཅႷ ?Ȩ͟ɱѧ͟Ȩфʥ ф̋ʥ ΓʥҦ ᇧɡۂ
ɱ͟ᇧɡ ᑻ Ыʥ͟ˢႷҦ̡ΓˬႷˬʥфᇧɱ͟ᅛ߂ᇧʥˢˢᅝ
ᇧɡᇧΓʥҦۂ ᑻ ༡ᄶ༧ Ⴤ ǃᇧ̡ΓˢᇧɡᇧȨЄЄ Ⴤ ɱ̋έЄʈᇧɡ Ⴤ ɱ͟ᇧɡ
ᄆ ཋႷ ?έ΄ϬȨЄʥ ʈ̡ˢˢʥЄʥΓɱʥ ɡʥфҦʥʥΓ έ͟ʈ ȨΓʈ ΓʥҦ ᇧɡႺۂ ̡ˢ ʈ̡ˢˢʥЄʥΓɱʥ ͟ʥЫЫ ф̋ȨΓ έЄ ʥϻѧȨ͟ фέ ʥᇧΓ ф̋ʥΓ ˢ̡Γ̡Ы̋ʥʈ
ᇧɡᇧʈ̡ˢˢۂ ᑻ ΓϬႷЫѧ΄ᅛΓϬႷȨɡЫᅛۂᇧɡᇧΓʥҦ ᇕ ᇧɡᅝᅝۂ
ᇧɡᇧʈ̡ˢˢᇧȨЄЄۂ ᑻ ΓϬႷȨϬϬʥΓʈᅛۂᇧɡᇧʈ̡ˢˢᇧȨЄЄႸ ᇧɡᇧʈ̡ˢˢᅝۂ

ᄆ Ϭ͟έф ф̋ʥ ʥЄЄέЄ
ʈЄȨҦᇧЫфʥϬ ᑻ ༧༑
if ʈЄȨҦ and ᅛ̡фʥЄȨф̡έΓ ᒪ ʈЄȨҦᇧЫфʥϬ ᑻᑻ ༑ᅝႹ

Ы̡Ӓʥᇧǜ ᑻ ༡༑
ɱ͟ʥȨЄᇧέѧфϬѧфᅛҦȨ̡фᑻTrueᅝ
ᄆ ĈέҦ Ϭ͟έф ф̋ʥ ʥЄЄέЄ ɱέΓҗʥЄˬʥΓɱʥ
ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡Ӓʥᇧǜᅝᅝ
ϬҿϬ͟έфႷȨҴ̡ЫᅛሁʥϻѧȨ͟ሁᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ
ϬҿϬ͟έфႷф̡ф͟ʥᅛሁeЄЄέЄ ɱέΓҗʥЄˬʥΓɱʥሁᅝ
ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛሂeЄЄέЄሂᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛሂ·фʥЄȨф̡έΓЫሂᅝ
ᄆ QЄȨҦ ф̋ʥ ʈ̡җ̡Ы̡έΓЫ
ϬҿϬ͟έфႷ̡̋͟ΓʥЫᅛʥᇧΓႸ ༑Ⴘ ᇧɡᇧʈ̡ˢˢᇧȨЄЄႷЫ̡ӒʥႸۂ ɱέ͟έЄЫᑻሁЄʥʈሁႸ ͟Ȩɡʥ͟ᑻሁÿȨҴ ʥЄЄέЄሁᅝ ᄆ ̡͟ΓʥЫфҿ͟ʥЫᑻሁʈȨЫ̋ʥʈሁ
ϬҿϬ͟έфႷϬ͟έфᅛЄȨΓˬʥᅛۂᇧɡᇧʈ̡ˢˢᇧȨЄЄႷЫ̡ӒʥᅝႸ ᇧɡᇧʈ̡ˢˢᇧȨЄЄႸۂ ͟Ȩɡʥ͟ᑻሁeЄЄέЄ έˢ ʥȨɱ̋ ̡фʥЄȨф̡έΓሁᅝ
ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ
ϬҿϬ͟έфႷЫ̋έҦᅛᅝ

if ΓϬႷȨɡЫᅛۂᇧɡᇧʈ̡ˢˢᅝ ᒁᑻ ʥᇧΓႹ
if ʈʥɡѧˬႹ

ϬЄ̡Γфᅛሁ%sႹ Ыέ͟җʥЄ ̋ȨЫ ɱέΓҗʥЄˬʥʈ ˢέЄ ᑻ%0.1f߂ ȨˢфʥЄ %d ̡фʥЄȨф̡έΓЫ Ҧ̡ф̋ ʥЄЄέЄ %0.10fႷሁ ᒪ ᅛЫʥ͟ˢႷҦ̡ΓˬႷ͟Ȩɡʥ͟Ⴘ ΓϬႷޫЄȨʈ༧ʈʥˬᅛ߂ᅝႸ ̡фʥЄȨф̡έΓᑷ༡Ⴘ ᇧɡᇧʈ̡ˢˢᅝᅝۂ
ɱέΓҗʥЄˬʥʈ ᑻ True
break

ᄆ དႷ ·ˢ Ыέ͟ѧф̡έΓ ̋ȨЫ Γέф ɱέΓҗʥЄˬʥʈ ЄʥᇕЄѧΓ ȨˬȨ̡Γ ȨΓʈ ҦʥሂЄʥ Γέф Ȩф ф̋ʥ ͟ȨЫф ̡фʥЄȨф̡έΓ
elif ̡фʥЄȨф̡έΓᑷ༡ ᒁ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫႹ

ᇧɡۂ ᑻ ᇧɡۂ ᑷ Q Ⴤ ᅛۂᇧɡᇧΓʥҦ ᇕ ᇧɡᅝۂ
elseႹ

break
ϬЄ̡ΓфᅛሁǢέѧ ̋Ȩҗʥ Ȩ ɡѧˬ ̡Γ ҿέѧЄ ɱέʈʥႷሁᅝ

if not ɱέΓҗʥЄˬʥʈႹ
ϬЄ̡Γфᅛሁሁᅝ
ϬЄ̡Γфᅛሁ%sႹ Ыέ͟җʥЄ ̋ȨЫ ĈĜƇ ɱέΓҗʥЄˬʥʈ ˢέЄ ᑻ%0.1f߂ ȨˢфʥЄ %d ̡фʥЄȨф̡έΓЫႼሁ ᒪ ᅛЫʥ͟ˢႷҦ̡ΓˬႷ͟Ȩɡʥ͟Ⴘ ΓϬႷЄȨʈ༧ʈʥˬᅛ߂ᅝႸ᩠ޫ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᅝᅝ
ϬЄ̡ΓфᅛሁÿȨҴ ʥЄЄέЄ ̡ЫႹ %0.10f èȨЫф ʥЄЄέЄ ҦȨЫႹ %0.10fሁ ᒪᅛʥᇧΓႸ ᇧɡᇧʈ̡ˢˢᅝᅝۂ

ᄆ ?Ȩ͟ɱѧ͟Ȩфʥ ̡͟ˢф ʈ̡ЫфЄ̡ɡѧф̡έΓ ˢЄέ΄ ᇧɡႸۂ фέфȨ͟ ̡͟ˢф ȨΓʈ ɱέʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф
èᇧɡ ᑻ ߲ᇧ̡Γˢ Ⴤ ǃᇧ̡ΓˢᇧɡᇧȨЄЄ Ⴤ ᇧɡۂ
è̡ˢф ᑻ ΓϬႷЫѧ΄ᅛèᇧɡჄҿᇧɡᇧۅᅝ
ᄆ ϬЄ̡Γфᅛè̡ˢфᅝ
ᄆ ϬЄ̡ΓфᅛЫʥ͟ˢႷҦ̡ΓˬႷȨЄʥȨᅝ
ᄆ ɱ͟ᇧɡ ᑻ ༧ Ⴤ èᇧɡ ᄶ ᅛɱ̋έЄʈᇧɡ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡ΓˢᇧɡᇧȨЄЄ ჄჄ ༧ᅝᅝ
?è ᑻ ༧ Ⴤ è̡ˢф ᄶ ᅛЫʥ͟ˢႷҦ̡ΓˬႷȨЄʥȨ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡Γˢ ჄჄ ༧ᅝᅝ
ᄆ ϬЄ̡Γфᅛ?èᅝ

Q̡ᇧɡ ᑻ èᇧɡ Ⴤ ΓϬႷЫ̡Γᅛ߂ᇧ̡ᅝ
QЄȨˬᇧ̡ ᑻ ΓϬႷЫѧ΄ᅛèᇧɡჄҿᇧɡᇧۅᅝ
ɱʈᇧɡ ᑻ ༧ Ⴤ Q̡ᇧɡ ᄶ ᅛҿᇧɡᇧۅ Ⴤ ɱ̋έЄʈᇧɡ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡Γˢ ჄჄ ༧ᅝᅝ
?Q̡ ᑻ ༧ Ⴤ QЄȨˬᇧ̡ ᄶ ᅛЫʥ͟ˢႷҦ̡ΓˬႷȨЄʥȨ Ⴤ ߲ᇧ̡Γˢ Ⴤ ᅛǃᇧ̡Γˢ ჄჄ ༧ᅝᅝ

ᄆ ō͟έф ̋έҦ Ҧʥ ɱѧф ѧϬ ф̋ʥ Ҧ̡Γˬ
if ʈЄȨҦႹ

Ы̡Ӓʥᇧǜ ᑻ ༡༑
Ы̡ӒʥᇧǢ ᑻ Ы̡Ӓʥᇧǜ Ⴤ ᅛЫʥ͟ˢႷҦ̡ΓˬႷɱᇧЄέέф ᄶ Ыʥ͟ˢႷҦ̡ΓˬႷɡ ᑷ ༑Ⴗ༧ᅝ
ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢᅝᅝ
ϬҿϬ͟έфႷȨҴ̡ЫᅛሁʥϻѧȨ͟ሁᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ
ϬҿϬ͟έфႷф̡ф͟ʥᅛሁųʥɱф̡έΓЫ έˢ Ҧ̡Γˬሁᅝ

��



ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛሂҴ ᅛɱ̋έЄʈᅝሂᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛሂҿ ᅛЫϬȨΓᅝሂᅝ
ᄆ QЄȨҦ ф̋ʥ Ҧ̡Γˬ
Ыʥ͟ˢႷҦ̡ΓˬႷʈЄȨҦᅛᅝ
ᄆ QЄȨҦ ф̋ʥ ʈ̡җ̡Ы̡έΓЫ
ϬҿϬ͟έфႷҗ̡͟ΓʥЫᅛҿᇧфႸ ᇕҿᇧфᇧɱ̋έЄʈЫ Ⴤ ༑Ⴗ༧༹Ⴘ ҿᇧфᇧɱ̋έЄʈЫ Ⴤ ༑Ⴗཅ༹Ⴘ ɱέ͟έЄЫᑻሁˬЄȨҿሁႸ ̡͟ΓʥЫфҿ͟ʥЫᑻሁʈȨЫ̋ʥʈሁႸ ͟Ȩɡʥ͟ᑻሁǐ̡Γˬ ɱѧфЫሁᅝ
ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ
ϬҿϬ͟έфႷЫ̋έҦᅛᅝ

Ыʥ͟ˢႷ͟ȨЫфᇧЫέ͟ѧф̡έΓ ᑻ ǐ̡Γˬųέ͟ѧф̡έΓᅛЫʥ͟ˢႷҦ̡ΓˬႸ Ⴘ߂ ǃᇧ̡ΓˢႸ ߲ᇧ̡ΓˢႸ ҿᇧɡႸ ҿᇧфႸ ҿᇧɡᇧۅႸ ɱ̋έЄʈᇧɡႸ ᇧɡႸۂ ᇧфႸۂ ᇧʥˢˢႸ߂ ᇧ̡Ⴘ߂ ǃᇧ̡ΓႸ᩠ޫǃᇧ̡ΓˢᇧɡᇧȨЄЄႸ Ƈᅝ

if ʈЄȨҦႹ
ᄆ ϬЄ̡Γфᅛҿᇧɡᇧۅᅝ
Ыʥ͟ˢႷ͟ȨЫфᇧЫέ͟ѧф̡έΓႷϬ͟έфᇧȨ͟͟ᅛᅝ

ᄆ ϬЄ̡ΓфᅛЫʥ͟ˢႷ͟ȨЫфᇧЫέ͟ѧф̡έΓᅝ
return Ыʥ͟ˢႷ͟ȨЫфᇧЫέ͟ѧф̡έΓ

def Ϭ͟έфᇧˢᅛЫʥ͟ˢႸ ҴႸ ҿႸ ф̡ф͟ʥᑻሁሁႸ Ҵ͟Ȩɡʥ͟ᑻሁሁႸ ҿ͟Ȩɡʥ͟ᑻሂҿ ᅛЫϬȨΓᅝሂႸ Ҵ̡͟΄ᑻNoneႸ ҿ̡͟΄ᑻNoneႸ Ы̡Ӓʥᇧǜᑻ༡༑Ⴘ Ы̡ӒʥᇧǢᑻ༡༑ᅝႹ
ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢᅝᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ
ϬҿϬ͟έфႷф̡ф͟ʥᅛф̡ф͟ʥᅝ
ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛҴ͟Ȩɡʥ͟ᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛҿ͟Ȩɡʥ͟ᅝ
ᄆ QЄȨҦ ф̋ʥ ʈ̡җ̡Ы̡έΓЫ
ϬҿϬ͟έфႷϬ͟έфᅛҴႸ ҿᅝ
if Ҵ̡͟΄ is not NoneႹ

ϬҿϬ͟έфႷҴ̡͟΄ᅛҴ̡͟΄ᅝ
if ҿ̡͟΄ is not NoneႹ

ϬЄ̡ΓфᅛሁЫʥф Ǣሁᅝ
ϬҿϬ͟έфႷҿ̡͟΄ᅛҿ̡͟΄ᅝ

ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ
ϬҿϬ͟έфႷЫ̋έҦᅛᅝ
return

def Ыέ͟җʥᇧ΄ѧ͟ф̡ᇧ߂ᅛЫʥ͟ˢႸ ᇧ΄̡Γᑻ༑Ⴘ߂ ᇧ΄ȨҴᑻ༭༑Ⴘ߂ ᇧЄʥЫᑻ༧Ⴘ߂ ᇧʈʥˬᑻTrueႸ߂ ǃᇧ̡Γˢᑻ༡Ⴘ ߲ᇧ̡Γˢᑻ༡Ⴗ༧༧༹Ⴘ Ƈᑻ༑Ⴗ༑ᅝႹ
ᇧȨЄЄ߂ ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛ߂ᇧ΄̡ΓႸ ᇧ΄ȨҴႸ߂ ЄέѧΓʈ ᅛᅛ߂ᇧ΄ȨҴ ᇕ ᇧ΄̡Γᅝ߂ ᄶ ᇧЄʥЫᅝ߂ ᑷ ༡ᅝ
if ᇧʈʥˬႹ߂

ᇧȨЄЄ߂ ᑻ ΓϬႷʈʥˬ༧ЄȨʈᅛ߂ᇧȨЄЄᅝ

ϬЄ̡ΓфᅛሁōȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬሁᅝ
Ϭέέ͟ ᑻ ΄ϬႷōέέ͟ᅛ΄ϬႷɱϬѧᇧɱέѧΓфᅛᅝᅝ
ᄆ ˢ ᑻ ͟Ȩ΄ɡʈȨ ߂ Ⴙ Ыʥ͟ˢႷЫέ͟җʥᅛ߂Ⴘ ǃᇧ̡Γˢᑻ༡༑༑Ⴘ ᇧʈʥˬᑻ�Ȩ͟Ыʥᅝ߂
ˢ ᑻ ˢѧΓɱфέέ͟ЫႷϬȨЄф̡Ȩ͟ᅛЫʥ͟ˢႷЫέ͟җʥႸ ǃᇧ̡Γˢᑻǃᇧ̡ΓˢႸ ƇᑻƇႸ ᇧʈʥˬᑻFalseႸ߂ ߲ᇧ̡Γˢᑻ߲ᇧ̡ΓˢႸ ʈЄȨҦᑻFalseႸ ʈʥɡѧˬᑻFalseᅝ
Ыέ͟ѧф̡έΓЫ ᑻ ̡͟ЫфᅛϬέέ͟Ⴗ΄ȨϬᅛˢႸ ᇧȨЄЄᅝᅝ߂ ᄆ ᅡЄʥЫѧ͟фᅡ༧ᅢ ˢέЄ ЄʥЫѧ͟ф ̡Γ ̡͟ЫфᅛϬέέ͟Ⴗ΄ȨϬᅛˢႸ ᇧȨЄЄᅝᅝᅢ߂
ᄆ ϬЄ̡Γфᅛɱ͟ᇧȨЄЄᅝ
Ϭέέ͟Ⴗɱ͟έЫʥᅛᅝ
ϬЄ̡ΓфᅛሁQέΓʥ ϬȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ ሁ ᑷ Ыʥ͟ˢႷҦ̡ΓˬႷ͟Ȩɡʥ͟ᅝ

return Ыέ͟ѧф̡έΓЫ

def ϬЄ̡ΓфᇧЫέ͟ѧф̡έΓᅛЫʥ͟ˢᅝႹ
è̡ˢфႸ QЄȨˬᇧ̡Ⴘ ?èႸ ?Q̡Ⴘ èᇧɡႸ Q̡ᇧɡႸ ɱ͟ᇧɡႸ ɱʈᇧɡႸ ǃᇧ̡Γ ᑻ Ыʥ͟ˢႷ͟ȨЫфᇧЫέ͟ѧф̡έΓ
ϬЄ̡ΓфᅛЫʥ͟ˢႷҦ̡ΓˬႷ͟Ȩɡʥ͟ ᑷ ሁ Ыέ͟ѧф̡έΓሁᅝ
ϬЄ̡Γфᅛሁ?Ȩ͟ɱѧ͟Ȩфʥʈ è̡ˢфႹ %0.5fሁ ᒪ è̡ˢфᅝ
ϬЄ̡Γфᅛሁ?Ȩ͟ɱѧ͟Ȩфʥʈ ?èႹ %0.5fሁ ᒪ ?èᅝ
ϬЄ̡Γфᅛሁ?Ȩ͟ɱѧ͟Ȩфʥʈ ̡Γʈѧɱʥʈ ʈЄȨˬႹ %0.5fሁ ᒪ QЄȨˬᇧ̡ᅝ
ϬЄ̡Γфᅛሁ?Ȩ͟ɱѧ͟Ȩфʥʈ ?Q̡Ⴙ %0.5fሁ ᒪ ?Q̡ᅝ
ϬЄ̡Γфᅛᅝ

def фʥЫфᇧЫέ͟җʥЄᅛᅝႹ
Ҧ̡Γˬ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༭Ⴗ༑༳ཋ༑Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ʥ̡͟͟ϬЫʥᑻFalseႸ ͟Ȩɡʥ͟ᑻሁųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬሁᅝ
Ыέ͟җʥЄ ᑻ Ĉѧ΄ʥЄ̡ɱȨ͟è̡ˢфè̡Γʥųέ͟җʥЄᅛҦ̡ΓˬႸ Ĉᑻ༹༑Ⴘ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᑻ༡༹༑༑Ⴘ ʥᇧΓᑻ༑Ⴗ༑༑༑༹Ⴘ Qᑻ༑Ⴗ༑༡Ⴘ Ϭέ͟ȨЄᑻTrueᅝ
Ыέ͟ѧф̡έΓ ᑻ Ыέ͟җʥЄႷЫέ͟җʥᅛཋႸ ༹༡Ⴗ༳Ⴘ ʈЄȨҦᑻTrueᅝ

Ыέ͟ѧф̡έΓႷϬ͟έфᇧȨ͟͟ᅛᅝ
ᄆ Ыέ͟җʥЄႷϬЄ̡ΓфᇧЫέ͟ѧф̡έΓᅛᅝ
ᄆ Ыέ͟җʥЄႷϬ͟έфᇧϬέ͟ȨЄЫᅛĈᑻ༭༑༑Ⴘ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᑻ༡༹༑༑Ⴘ ʥᇧΓᑻ༑Ⴗ༑༑༑༹Ⴘ Qᑻ༑Ⴗ༑༧༹Ⴘ Ϭέ͟ȨЄᑻ�Ȩ͟Ыʥᅝ

ᄆ фʥЫфᇧЫέ͟җʥЄᅛᅝ

def Ыέ͟җʥᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛҦ̡ΓˬЫႸ ϬЄέϬʥ͟͟ʥЄЫᑻNoneႸ ǃᇧ̡Γˢᑻ༡Ⴘ Ƈᑻ༑Ⴗ༑ᅝႹ

ᇧ΄̡ΓႸ߂ ᇧ΄ȨҴႸ߂ ᇧЄʥЫႸ߂ ˬᇧʈʥ߂ ᑻ ᇕ༧Ⴘ ༭༑Ⴘ ༡Ⴘ True
ᄆ ᇧ΄̡ΓႸ߂ ᇧ΄ȨҴႸ߂ ᇧЄʥЫႸ߂ ˬᇧʈʥ߂ ᑻ ༡Ⴘ ༭༑Ⴘ ༡Ⴘ ƇЄѧʥ
ᇧȨЄЄ߂ ᑻ ΓϬႷ̡͟ΓЫϬȨɱʥᅛ߂ᇧ΄̡ΓႸ ᇧ΄ȨҴႸ߂ ЄέѧΓʈ ᅛᅛ߂ᇧ΄ȨҴ ᇕ ᇧ΄̡Γᅝ߂ ᄶ ᇧЄʥЫᅝ߂ ᑷ ༡ᅝ
if ᇧʈʥˬႹ߂

ᇧȨЄЄ߂ ᑻ ΓϬႷʈʥˬ༧ЄȨʈᅛ߂ᇧȨЄЄᅝ
Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ ᑻ ᅡᅢ

Ϭέέ͟ ᑻ ΄ϬႷϬέέ͟ႷƇ̋ЄʥȨʈōέέ͟ᅛ΄ϬႷɱϬѧᇧɱέѧΓфᅛᅝᅝ

��



ᄆ ˢ ᑻ ͟Ȩ΄ɡʈȨ ߂ Ⴙ Ыʥ͟ˢႷЫέ͟җʥᅛ߂Ⴘ ǃᇧ̡Γˢᑻ༡༑༑Ⴘ ᇧʈʥˬᑻ�Ȩ͟Ыʥᅝ߂
def Ыέ͟җʥᇧҦ̡ΓˬᅛҦ̡ΓˬᅝႹ

Ыέ͟җʥЄ ᑻ Ĉѧ΄ʥЄ̡ɱȨ͟è̡ˢфè̡Γʥųέ͟җʥЄᅛҦ̡ΓˬႸ ϬЄέϬʥ͟͟ʥЄЫႸ Ĉᑻ༧༑༑Ⴘ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᑻ༹༑༑༑Ⴘ ʥᇧΓᑻ༑Ⴗ༑༑༡Ⴘ Qᑻ༑Ⴗ༑༧༹Ⴘ Ϭέ͟ȨЄᑻFalseᅝ
ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ߂ ᑻ Ыέ͟җʥЄႷЫέ͟җʥᇧ΄ѧ͟ф̡ᇧ߂ᅛ߂ᇧ΄̡Γᑻ߂ᇧ΄̡ΓႸ ᇧ΄ȨҴႸ߂ᇧ΄ȨҴᑻ߂ ᇧЄʥЫႸ߂ᇧЄʥЫᑻ߂ ᇧʈʥˬႸ߂ᇧʈʥˬᑻ߂ ǃᇧ̡Γˢᑻǃᇧ̡ΓˢႸ ߲ᇧ̡Γˢᑻ༡Ⴗ༧༧༹Ⴘ᩠ޫƇᑻƇᅝ
return ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ߂

ᄆ ˢ ᑻ ˢѧΓɱфέέ͟ЫႷϬȨЄф̡Ȩ͟ᅛЫέ͟җʥᇧҦ̡Γˬᅝ
Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ ᑻ ̡͟ЫфᅛϬέέ͟Ⴗ΄ȨϬᅛЫέ͟җʥᇧҦ̡ΓˬႸ Ҧ̡ΓˬЫᅝᅝ ᄆ ᅡЄʥЫѧ͟фᅡ༧ᅢ ˢέЄ ЄʥЫѧ͟ф ̡Γ ̡͟ЫфᅛϬέέ͟Ⴗ΄ȨϬᅛˢႸ ᇧȨЄЄᅝᅝᅢ߂
ᄆ ϬЄ̡Γфᅛɱ͟ᇧȨЄЄᅝ
Ϭέέ͟Ⴗɱ͟έЫʥᅛᅝ

ሂሂሂ
ˢέЄ Ҧ̡Γˬ ̡Γ Ҧ̡ΓˬЫႹ

Ыέ͟җʥЄ ᑻ Ĉѧ΄ʥЄ̡ɱȨ͟è̡ˢфè̡Γʥųέ͟җʥЄᅛҦ̡ΓˬႸ Ĉᑻ༧༑༑Ⴘ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᑻ༹༑༑༑Ⴘ ʥᇧΓᑻ༑Ⴗ༑༑༡Ⴘ Qᑻ༑Ⴗ༑༹Ⴘ Ϭέ͟ȨЄᑻ�Ȩ͟Ыʥᅝ
ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ߂ ᑻ Ыέ͟җʥЄႷЫέ͟җʥᇧ΄ѧ͟ф̡ᇧ߂ᅛ߂ᇧ΄̡Γᑻ߂ᇧ΄̡ΓႸ ᇧ΄ȨҴႸ߂ᇧ΄ȨҴᑻ߂ ᇧЄʥЫႸ߂ᇧЄʥЫᑻ߂ ᇧʈʥˬႸ߂ᇧʈʥˬᑻ߂ ǃᇧ̡Γˢᑻ༡Ⴘ ߲ᇧ̡Γˢᑻ༡Ⴗ༧༧༹ᅝ
Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႷȨϬϬʥΓʈᅛ߂ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅝ

ሂሂሂ

return ᇧȨЄЄႸ߂ Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ

def Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛ߂ᇧȨЄЄႸ Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ җȨЄᇧΓȨ΄ʥႸ ф̡ф͟ʥႸ Ҵ͟Ȩɡʥ͟Ⴘ ҿ͟Ȩɡʥ͟Ⴘ ͟ʥˬʥΓʈᇧ͟Ȩɡʥ͟Ⴘ ЫʥфѧϬᑻTrueᅝႹ
if ЫʥфѧϬႹ

ᄆ ųʥфѧϬ ѧϬ ф̋ʥ Ϭ͟έф
Ы̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢ ᑻ ༡༑Ⴘ ༡༑
ᄆ ĈέҦ Ϭ͟έф ф̋ʥ ʥЄЄέЄ ɱέΓҗʥЄˬʥΓɱʥ
ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡Ӓʥᇧǜᅝᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ
ϬҿϬ͟έфႷф̡ф͟ʥᅛф̡ф͟ʥᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛҴ͟Ȩɡʥ͟ᅝ
ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛҿ͟Ȩɡʥ͟ᅝ

ᄆ ō͟έф ф̋ʥ Ȩ̡Єˢέ̡͟ ̡͟ˢф ɱѧЄҗʥ
if җȨЄᇧΓȨ΄ʥ ᑻᑻ ሁ?èሁႹ

ϬҿϬ͟έфႷϬ͟έфᅛΓϬႷЄȨʈ༧ʈʥˬᅛ߂ᇧȨЄЄᅝႸ Ҧ̡ΓˬЫᅡ༑ᅢႷɱ͟ᇧˢᅛ߂ᇧȨЄЄᅝႸ ͟Ȩɡʥ͟ᑻЄሁɱᇧ͟ ɱѧЄҗʥ ˢέЄ Ȩ̡Єˢέ̡͟ሁᅝ

ᄆ ϬЄ̡ΓфᅛҦ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅝ
for ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ߂ in Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႹ

ᄆ ϬЄ̡Γфᅛ߂ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅝ
ҿᇧȨЄЄ ᑻ ᅡʥҗȨ͟ᅛሁЫέ͟ѧф̡έΓႷሁᑷҗȨЄᇧΓȨ΄ʥᅝ for Ыέ͟ѧф̡έΓ in ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅢ߂
ᄆ ϬЄ̡ΓфᅛҿᇧȨЄЄᅝ
ϬҿϬ͟έфႷϬ͟έфᅛΓϬႷЄȨʈ༧ʈʥˬᅛ߂ᇧȨЄЄᅝႸ ҿᇧȨЄЄႸ ሁႷᇕሁႸ ͟Ȩɡʥ͟ᑻ͟ʥˬʥΓʈᇧ͟Ȩɡʥ͟ ᑷ ሁ ˢέЄ ሁ ᑷ ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅡ༑ᅢႷҦ̡ΓˬႷ͟Ȩɡʥ͟߂ ᑷ ሁ Ȩф᩠ޫф̋ЄѧЫф ᑻ %0.1fĈሁ ᒪ ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅡ༑ᅢႷƇᅝ߂

ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ

def Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛҦ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ̡ΓʈʥҴႸ ЄȨʈ༧ʈʥˬႸ җȨЄᇧΓȨ΄ʥႸ ф̡ф͟ʥႸ Ҵ͟Ȩɡʥ͟Ⴘ ҿ͟Ȩɡʥ͟Ⴘ ͟ʥˬʥΓʈᇧ͟Ȩɡʥ͟Ⴘ ЫʥфѧϬᑻTrueᅝႹ
ᄆ ųʥфѧϬ ѧϬ ф̋ʥ Ϭ͟έф
if ЫʥфѧϬႹ

Ы̡ӒʥᇧǜႸ Ы̡ӒʥᇧǢ ᑻ ༡༑Ⴘ ༡༑
ᄆ ĈέҦ Ϭ͟έф ф̋ʥ ʥЄЄέЄ ɱέΓҗʥЄˬʥΓɱʥ
ϬҿϬ͟έфႷˢ̡ˬѧЄʥᅛˢ̡ˬЫ̡ӒʥᑻᅛЫ̡ӒʥᇧǜႸ Ы̡Ӓʥᇧǜᅝᅝ
ϬҿϬ͟έфႷˬЄ̡ʈᅛӒέЄʈʥЄᑻ༑ᅝ
ϬҿϬ͟έфႷф̡ф͟ʥᅛф̡ф͟ʥᅝ
ϬҿϬ͟έфႷҴ͟Ȩɡʥ͟ᅛҴ͟Ȩɡʥ͟ᅝ
ϬҿϬ͟έфႷҿ͟Ȩɡʥ͟ᅛҿ͟Ȩɡʥ͟ᅝ

ᄆ ō͟έф ф̋ʥ Ȩ̡Єˢέ̡͟ ̡͟ˢф ɱѧЄҗʥ
ᄆ ̡ˢ җȨЄᇧΓȨ΄ʥ ᑻᑻ ሁ?èሁႹ
ᄆ ϬҿϬ͟έфႷϬ͟έфᅛΓϬႷЄȨʈ༧ʈʥˬᅛ߂ᇧȨЄЄᅝႸ Ҧ̡ΓˬЫᅡ༑ᅢႷɱ͟ᇧˢᅛ߂ᇧȨЄЄᅝႸ ͟Ȩɡʥ͟ᑻЄሁɱᇧ͟ ɱѧЄҗʥ ˢέЄ Ȩ̡Єˢέ̡͟ሁᅝ

ᄆ ϬЄ̡ΓфᅛҦ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅝ
for ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ߂ in Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႹ

ᄆ ϬЄ̡Γфᅛ߂ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅝ
ҴᇧȨЄЄ ᑻ ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅡ༑ᅢႷҿᇧɡ߂
ҿᇧȨЄЄ ᑻ ʥҗȨ͟ᅛЫфЄᅛሁ߂ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅡ%dᅢႷሁ ᒪ ̡ΓʈʥҴᅝᑷҗȨЄᇧΓȨ΄ʥ ᅝ
ᄆ ϬЄ̡ΓфᅛҿᇧȨЄЄᅝ
if ЄȨʈ༧ʈʥˬႹ

ҿᇧȨЄЄ ᑻ ΓϬႷЄȨʈ༧ʈʥˬᅛҿᇧȨЄЄᅝ
߂ ᑻ ΓϬႷЄȨʈ༧ʈʥˬᅛ ߂ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅡ̡ΓʈʥҴᅢႷ߂ ᅝ
ϬҿϬ͟έфႷϬ͟έфᅛҴᇧȨЄЄႸ ҿᇧȨЄЄႸ ሁႷᇕሁႸ ͟Ȩɡʥ͟ᑻ͟ʥˬʥΓʈᇧ͟Ȩɡʥ͟ ᑷ ሁ ˢέЄ ሁ ᑷ ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅡ༑ᅢႷҦ̡ΓˬႷ͟Ȩɡʥ͟߂ ᑷ ЫфЄᅛሁ Ȩф ᑻ%0.1fᨑሁ߂ ᒪ᩠ޫ߂ᅝ ᑷ ЫфЄᅛሁ ȨΓʈ ф̋ЄѧЫфᑻ%0.1fĈሁ ᒪ ᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᅡ̡ΓʈʥҴᅢႷƇᅝᅝ߂
ϬҿϬ͟έфႷ͟ʥˬʥΓʈᅛᅝ

ᄆ Ϭ͟έфᇧϬέ͟ȨЄЫᅛҦ̡ΓˬЫᅝ

�ŠᇧҦ̡ΓˬЫ ᑻ ΓϬႷʥ΄Ϭфҿᅛ༹Ⴘ ʈфҿϬʥᑻǐ̡Γˬᅝ
�ŠᇧҦ̡ΓˬЫᅡ༑ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༡༑Ⴘ ༡Ⴘ ͟Ȩɡʥ͟ᑻሁ�Š ᑻ ༡༑Ⴙ༡ሁᅝ
�ŠᇧҦ̡ΓˬЫᅡ༡ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༧༑Ⴘ ༡Ⴘ ͟Ȩɡʥ͟ᑻሁ�Š ᑻ ༧༑Ⴙ༡ሁᅝ
�ŠᇧҦ̡ΓˬЫᅡ༧ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༭༑Ⴘ ༡Ⴘ ͟Ȩɡʥ͟ᑻሁ�Š ᑻ ༭༹Ⴙ༡ሁᅝ
�ŠᇧҦ̡ΓˬЫᅡ༭ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༳༑Ⴘ ༡Ⴘ ͟Ȩɡʥ͟ᑻሁ�Š ᑻ ༹༑Ⴙ༡ሁᅝ
�ŠᇧҦ̡ΓˬЫᅡ༳ᅢ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༹༑Ⴘ ༡Ⴘ ͟Ȩɡʥ͟ᑻሁ�Š ᑻ ༡༑༑Ⴙ༡ሁᅝ

ᄆ ᇧȨЄЄႸ߂ Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ ᑻ Ϭ͟έфᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧ߂ᅛ�ŠᇧҦ̡ΓˬЫᅝ

��



ᄆ ᇧȨЄЄႸ߂ Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ ᑻ Ыέ͟җʥᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛҦ̡ΓˬЫᅝ

ᅡ༿ᅢႹ ᄆ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛ߂ᇧȨЄЄႸ Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ሁ?èሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф җЫ ሁႸ߂ ሁ߂ሁႸ ሁ?èሁႸ ሁ?èሁᅝ
ᄆ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛ߂ᇧȨЄЄႸ Ҧ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ሁ?Q̡ሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡Γʈѧɱʥʈ ʈЄȨˬ җЫ ሁႸ߂ ሁ߂ሁႸ ሁ?Q̡ሁႸ ሁ?Q̡ሁᅝ

ᄆ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛҦ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ཋᑷ༧Ⴘ ƇЄѧʥႸ ሁ߂ᇧʥˢˢሁႸ ሁeˢˢʥɱф̡җʥ ȨΓˬ͟ʥ έˢ ȨффȨɱ͍ җЫ ЫϬȨΓ Ȩф ߂ έˢ ཋᨑሁႸ ሁЫϬȨΓሁႸ᩠ޫЄሁቢ߂ᇧᅟʥˢˢᅠቢሁႸ Єሁቢ߂ᇧᅟʥˢˢᅠቢሁᅝ
ᄆ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛҦ̡ΓˬᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ཋᑷ༧Ⴘ ƇЄѧʥႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ཋᨑሁႸ ሁЫϬȨΓሁႸ ሁɱ͟ሁႸ ሁɱ͟ᇧɡሁᅝ

� 1SPCMFN TPMVUJPO
��� 8JOH QFSGPSNBODF XJUIPVU QSPQFMMFST
'JSTU * BOBMZ[FE UIF QFSGPSNBODF PG UIF XJOH XJUIPVU NPEFMMJOH UIF FࣽFDU PG UIF QSPQFMMFST� 5IF GPDVT XBT
PO DSFBUJOH BO BOMZTJT UP VOEFSTUBOE BU XIBU PWFSBMM BOHMF PG BUUBDL UIF XJOH TUBSUT UP TUBMM�
5P BTTFTT UIF PWFSBMM TUBMM BOHMF PG BUUBDL GPS UIF XJOH
 * DSFBUFE UXP BOBMZTFT�

�� 1MPUUJOH IPX UIF MPDBM XJOH DM EJTUSJCVUJPO DIBOHFT BT B GVODUJPO PG BOHMF PG BUUBDL 	BT SFRVFTUFE JO UIF
BTTJHONFOU
�

�� $BMDVMBUJOH BOE HSBQIJOH UIF PWFSBMM DPFऀDJFOU PG MJGU GPS UIF XJOH� "MUIPVHI UIJT XBT OPU TQFDJࣾDBMMZ
SFRVFTUFE JO UIF BTTJHONFOU
 JU JT BO BEEJUJPOBM BOBMZTJT * DSFBUFE UP TFF JG NPSF JOTJHIUT DPVME CF
MFBSOFE�

����� -PDBM XJOH DM EJTUSJCVUJPO WT BOHMF PG BUUBDL
#BTFE PO UIF DIBSU PG UIF /"$" ���� DPFऀDJFOU PG MJGU WT� BOHMF PG BUUBDL
 JU JT DMFBS UIBU UIF BJSGPJM JUTFMG
TUBMMT BSPVOE ɰ�����p� 5IFSFGPSF
 * TFMFDUFE BOHMFT PG BUUBDL GPS UIJT BOBMZTJT DMPTF UP UIF BJSGPJM̤T TUBMM BOHMF
PG BUUBDL�

ᅡཅᅢႹ Ҧ̡Γˬ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༭Ⴗ༑༳ཋ༑Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ʥ̡͟͟ϬЫʥᑻFalseႸ ͟Ȩɡʥ͟ᑻሁųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬሁᅝ
ᄆ Ыέ͟җʥЄ ᑻ Ĉѧ΄ʥЄ̡ɱȨ͟è̡ˢфè̡Γʥųέ͟җʥЄᅛҦ̡ΓˬႸ Ĉᑻ༹༑Ⴘ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᑻ༡༹༑༑Ⴘ ʥᇧΓᑻ༑Ⴗ༑༑༑༹Ⴘ Qᑻ༑Ⴗ༑༡Ⴘ Ϭέ͟ȨЄᑻƇЄѧʥᅝ
Ҧ̡ΓˬЫ ᑻ ΓϬႷȨЄЄȨҿᅛᅡҦ̡Γˬᅢᅝ
ᇧȨЄЄႸ߂ ΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿ ᑻ Ыέ͟җʥᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛҦ̡ΓˬЫႸ ǃᇧ̡Γˢ ᑻ ༹༡Ⴗ༳༳༳༳ᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ʈ̡ˢˢʥЄʥΓф ȨΓˬ͟ʥЫ έˢ᩠ޫȨффȨɱ͍ሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ᇧɡሁᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡༳ᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡༳ᨑሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡༹ᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡༹ᨑሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡༿ᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡༿ᨑሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡ཋᨑሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡དᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡དᨑሁႸ ሁЫϬȨΓሁႸ᩠ޫሁɱ͟ሁႸ ሁɱ͟ᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡ཅᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡དᨑሁႸ ሁЫϬȨΓሁႸ᩠ޫሁɱ͟ሁႸ ሁɱ͟ᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ

ōȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ
QέΓʥ ϬȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ ųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬ

��



*O UIF BCPWF DIBSUT XF DBO TFF IPX UIF TUBMM QSPHSFTTFT BDSPTT UIF BJSGPJM XJOH BT UIF BOHMF PG BUUBDL FYDFFET
UIF TUBMM BOHMF� "U ᅫ � ��¯
 UIF BJSDSBGU XJOH TUJMM IBT B OPSNBM DPFऀDJFOU PG MJGU EJTUSJCVUJPO
 JOEJDBUJOH UIBU
UIF XJOH JUTFMG IBT OPU TUBMMFE ZFU� "U ᅫ � ��¯
 XF TFF UIBU UIF DFOUFS PG UIF XJOH TUBSUT UP TUBMM� 5IF DFOUFS
PG UIF XJOH TUBMMT ࣾSTU CFDBVTF JU IBT UIF BOHMF PG BUUBDL� UIF BOHMF PG BUUBDL PO UIF XJOH JT SFEVDFE BT XF
BQQSPBDI UIF XJOH UJQT EVF UP UIF FࣽFDU PG UIF JOEVDFE EPXOXBTI WFMPDJUZ� 5IFSFGPSF
 UIF DFOUFS PG UIF XJOH
JT TUBMMFE BU UIJT BOHMF PG BUUBDL
 CVU UIF XJOH UJQT IBWF OPU TUBMMFE ZFU�
8F DBO TFF UIBU BU ᅫ � ��¯ UIF TUBMMFE SFHJPO PG UIF XJOH QSPHSFTTFT PVUXBSET
 VOUJM BU ᅫ � ��¯ BOE ᅫ � ��¯
UIF BJSDSBGU XJOH JT OPX GVMMZ TUBMMFE
 JODMVEJOH UIF XJOH UJQT�

����� 4UBMM BOHMF PG BUUBDL GPS XJOH GSPN PWFSBMM DPF֋DJFOU PG MJGU
"MUIPVHI OPU SFRVFTUFE JO UIF BTTJHONFOU
 * BMTP DBMDVMBUFE UIF PWFSBMM DPFऀDJFOU PG MJGU GPS UIF XIPMF XJOH
UP PCTFSWF BU XIBU BOHMF PG BUUBDL UIF XJOH TUBMMT�

��



ᅡཋᅢႹ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛ߂ᇧȨЄЄႸ ΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ሁ?èሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф җЫ ሁႸ߂ ሁ߂ሁႸ ሁ?èሁႸ ሁ?èሁᅝ

*O UIF BCPWF DIBSU XF DBO TFF UIBU UIF DPFऀDJFOU PG MJGU JODSFBTFT MJOFBSMZ XJUI UIF BOHMF PG BUUBDL VOUJM B QFBL
BU ᅫ � ��¯� "U ᅫ � ��¯
 UIFSF JT B TIBSQ ESPQ JO UIF DPFऀDJFOU PG MJGU
 JOEJDBUJOH UIBU UIJT JT UIF TUBMM BOHMF
PG BUUBDL� 5IJT JT JO MJOF XJUI XIBU XF TBX JO UIF MPDBM DPFऀDJFOU PG MJGU EJTUSJCVUJPO� BU ᅫ � ��¯
 UIF XJOH
TUJMM IBE B OPSNBM DPFऀDJFOU PG MJGU EJTUSJCVUJPO
 CVU CFZPOG ᅫ � ��¯ UIF XJOH TUBSUFE FYQFSJFODJOH B TUBMM�

��� 8JOH QFSGPSNBODF XJUI QSPQFMMFST
.Z BOBMZTJT PG UIF XJOH QFSGPSNBODF XJUI QSPQFMMFST GPDVTFE PO FWBMVBUJOH UIF FࣽFDU PG UIF QSPQFMMFS XBLF
PO UIF XJOH QFSGPSNBODF� 4QFDJࣾDBMMZ
 UIF QPSUJPO PG UIF XJOH CFIJOE UIF QSPQFMMFS XJMM ̣TFF̤ B EJࣽFSFOU
BOHMF PG BUUBDL BOE GSFFTUSFBN WFMPDJUZ EVF UP UIF XBLF PG UIF QSPQFMMFS� 6TJOH UIF FRVBUJPOT QSPWJEFE JO
UIF BTTJHONFOU BOE UIF NFUIPEPMPHZ EFTDSJCFE JO UIF NFUIPEPMPHZ TFDUJPO BCPWF
 * FTUJNBUFE IPX UIF MPDBM
XJOH DPFऀDJFOU PG MJGU WBSJFT BT B GVODUJPO PG QSPQFMMFS UISVTU BOE BOHMF PG BUUBDL�

��



����� &WBMVBUJOH IPX MPDBM XJOH DPF֋DJFOU PG MJGU WBSJFT BT B GVODUJPO PG QSPQFMMFS UISVTU
"U BO BOHMF PG BUUBDL PG ᅫ � �¯
 UIF UPUBM MJGU GPSDF PO UIF 6"7 XJOH JT ����/� 5IFSFGPSF
 UP BOBMZTJT IPX UIF
MPDBM XJOH DPFऀDJFOU PG MJGU WBSJFT BT B GVODUJPO PG QSPQFMMFS UISVTU
 * VTFE WBMVFT PG �
 ���/
 ���/
 ���/
BOE ����/
 J�F�
 HPJOH VQ UP B UISVTU UP XFJHIU SBUJP PG _���
 XIJDI JT B SFBTPOBCMF OVNCFS UP DBQUVSF UIF GVMM
ࣿJHIU FOWFMPQF PG UIF 6"7 	UIF NBY 5�8 SBUJP PG ��� BTTVNFT UIF 6"7 MJGU GPSDF JT FRVBM UP JUT XFJHIU BUᅫ � �¯ BOE ԋ� � ������ N�T
 J�F� UIBU JU XPVME CF JO TUFBEZ DSVJTF ࣿJHIU�

ᅡ༡༡ᅢႹ Ҧ̡Γˬ ᑻ ǐ̡ΓˬᅛĈ�?�༑༑༡༧ᇧɱ͟Ⴘ ༭Ⴗ༑༳ཋ༑Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ༑Ⴗ༳༹ཅ༧Ⴘ ʥ̡͟͟ϬЫʥᑻFalseႸ ͟Ȩɡʥ͟ᑻሁųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬሁᅝ
ᄆ Ыέ͟җʥЄ ᑻ Ĉѧ΄ʥЄ̡ɱȨ͟è̡ˢфè̡Γʥųέ͟җʥЄᅛҦ̡ΓˬႸ Ĉᑻ༹༑Ⴘ ΄ȨҴᇧ̡фʥЄȨф̡έΓЫᑻ༡༹༑༑Ⴘ ʥᇧΓᑻ༑Ⴗ༑༑༑༹Ⴘ Qᑻ༑Ⴗ༑༡Ⴘ Ϭέ͟ȨЄᑻƇЄѧʥᅝ
Ҧ̡ΓˬЫ ᑻ ΓϬႷȨЄЄȨҿᅛᅡҦ̡Γˬᅢᅝ
ϬЄέϬʥ͟͟ʥЄЫ ᑻ ōЄέϬʥ͟͟ʥЄЫᅛ༡Ⴗ༧༡ད༧Ⴘ ҿ༡ᑻ༭Ⴗ༑༳ཋ༑ ᄶ ༧Ⴘ ҿ༧ᑻᇕ༭Ⴗ༑༳ཋ༑ ᄶ ༧ᅝ

ϬЄ̡ΓфᅛሁōЄέϬʥ͟͟ʥЄ җ̡Ⴙ %0.5fሁ ᒪ ϬЄέϬʥ͟͟ʥЄЫႷɱȨ͟ɱᇧҗ̡ᅛ༳༑༑༑Ⴘ ༹༡Ⴗ༳༳༳༳Ⴘ ༡Ⴗ༧༧༹ᅝᅝ

ᇧȨЄЄႸ߂ ϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༑ ᑻ Ыέ͟җʥᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛҦ̡ΓˬЫႸ ϬЄέϬʥ͟͟ʥЄЫႸ ǃᇧ̡Γˢ ᑻ ༹༡Ⴗ༳༳༳༳Ⴘ Ƈᑻ༑ᅝ
ᇧȨЄЄႸ߂ ϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༧༹༑ ᑻ Ыέ͟җʥᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛҦ̡ΓˬЫႸ ϬЄέϬʥ͟͟ʥЄЫႸ ǃᇧ̡Γˢ ᑻ ༹༡Ⴗ༳༳༳༳Ⴘ Ƈᑻ༧༹༑ᅝ
ᇧȨЄЄႸ߂ ϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑ ᑻ Ыέ͟җʥᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛҦ̡ΓˬЫႸ ϬЄέϬʥ͟͟ʥЄЫႸ ǃᇧ̡Γˢ ᑻ ༹༡Ⴗ༳༳༳༳Ⴘ Ƈᑻ༹༑༑ᅝ
ᇧȨЄЄႸ߂ ϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇཅ༹༑ ᑻ Ыέ͟җʥᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛҦ̡ΓˬЫႸ ϬЄέϬʥ͟͟ʥЄЫႸ ǃᇧ̡Γˢ ᑻ ༹༡Ⴗ༳༳༳༳Ⴘ Ƈᑻཅ༹༑ᅝ
ᇧȨЄЄႸ߂ ϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༡༑༑༑ ᑻ Ыέ͟җʥᇧ΄ѧ͟ф̡Ϭ͟ʥᇧҦ̡ΓˬЫᇧҗЫᇧ߂ᅛҦ̡ΓˬЫႸ ϬЄέϬʥ͟͟ʥЄЫႸ ǃᇧ̡Γˢ ᑻ ༹༡Ⴗ༳༳༳༳Ⴘ Ƈᑻ༡༑༑༑ᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁèέɱȨ͟ ɱέʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф җЫ ЫϬȨΓ Ȩф ʈ̡ˢˢʥЄʥΓф җȨ͟ѧʥЫ έˢ᩠ޫф̋ЄѧЫф ȨΓʈ ᑻཋᨑሁႸ߂ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༧༹༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇཅ༹༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༡༑༑༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ

ōЄέϬʥ͟͟ʥЄ җ̡Ⴙ ༡དႷ༿༿༿༡ཋ
ōȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ
QέΓʥ ϬȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ ųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬ
ōȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ
QέΓʥ ϬȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ ųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬ
ōȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ
QέΓʥ ϬȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ ųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬ
ōȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ
QέΓʥ ϬȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ ųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬ
ōȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ
QέΓʥ ϬȨЄȨ͟͟ʥ̡͟Ӓ̡Γˬ ųϻѧȨЄʥ Ɵ�ǃ Ҧ̡Γˬ

��



*O UIF BCPWF DIBSU XF DBO PCTFSWF B GFX FࣽFDUT PG UIF QSPQFMMFS XJOH PO UIF DPFऀDJFOU PG MJGU BDSPTT UIF XJOH
TQBO�

�� 5IF QSPQFMMFS XBLF SFEVDFT UIF DPFऀDJFOU PG MJGU PG UIF XJOH CFIJOE UIF QSPQFMMFS� 5IJT JT CFDBVTF UIF
QSPQFMMFS XBLF FࣽFDUJWFMZ SFEVDFT UIF BOHMF PG BUUBDL PG UIBU TFDUJPO PG UIF XJOH CZ DSFBUJOH B ࣿPX
ࣾFME QBSBMMFM UP UIF XJOH DIPSE�

�� "T POF XPVME FYQFDU
 UIF TJ[F PG UIJT FࣽFDU JODSFBTFT BT UIF UISVTU PG UIF QSPQFMMFS JODSFBTFT�
�� +VTU CFDBVTF UIF DPFऀDJFOU PG MJGU EFDSFBTFT
 EPFTO Ṳ OFDFTTBSJMZ NFBO UIBU UIF MJGU HFOFSBUFE CZ UIBU

TFDUJPO PG UIF BJSDSBGU XJOH XPVME EFDSFBTF� 5IF QSPQFMMFS HFOFSBUFT JODSFBTFE BJS ࣿPX PWFS UIBU XJOH
TFDUJPO
 XIJDI PࣽTFUT TPNF
 PS QFSIBQT FWFO BMM
 PG UIF FࣽFDU PG UIF EFDSFBTF JO DPFऀDJFOU PG MJGU�

�� "T EJTDVTTFE JO PऀDF IPVST XJUI %S� .JTUSZ
 JOUVJUJWFMZ
 POF XPVME FYQFDU UIF DPFऀDJFOU PG MJGU UP
IBWF B TNPPUIFS USBOTJUJPO DVSWF CFUXFFO UIF XJOH TFDUJPO CFIJOE UIF QSPQFMMFS BOE UIF DFOUFS XJOH

��



TFDUJPO� 5IF SFBTPO GPS UIJT JOUVJUJWF IZQPUIFTJT JT UIBU UIF WPSUJDJUZ BU UIF USBOTJUJPO MPDBUJPO XPVME CF
TNPPUIFE PVU EVF UP UIF TVEEFO DIBOHF JO MJGU BT XF HP UISPVHI UIF JUFSBUJWF MPPQ� #VU UIJT JT OPU UIF
DBTF IFSF� * XFOU CBDL BOE USJQMF DIFDLFE NZ DPEF
 EJEO Ṳ ࣾOE BOZ FSSPST BOE FWFO QMBZFE BSPVOE XJUI
DIBOHJOH UIF QSPQFMMFS QBSBNFUFST�

ᅡ༡༧ᅢႹ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁǃᇧ̡ΓሁႸ ሁQέҦΓҦȨЫ̋ җЫ ЫϬȨΓ Ȩф ʈ̡ˢˢʥЄʥΓф җȨ͟ѧʥЫ έˢ ф̋ЄѧЫфሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁǃᇧ̡Γ ʈέҦΓҦȨЫ̋ሁႸ ሁè̡ˢфሁᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༧༹༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁǃᇧ̡ΓሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁǃᇧ̡Γ ʈέҦΓҦȨЫ̋ሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁǃᇧ̡ΓሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁǃᇧ̡Γ ʈέҦΓҦȨЫ̋ሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇཅ༹༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁǃᇧ̡ΓሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁǃᇧ̡Γ ʈέҦΓҦȨЫ̋ሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༡༑༑༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁǃᇧ̡ΓሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁǃᇧ̡Γ ʈέҦΓҦȨЫ̋ሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ

(JWFO UIBU UIF EPXOXBTI EJSFDUMZ JNQBDUT UIF FࣽFDUJWF BOHMF PG BUUBDL
 BOE IFODF DPFऀDJFOU PG MJGU
 UIF
EPXOXBTI EJTUSJCVUJPO BDSPTT UIF TQBO PG UIF XJOH IBT UIF TBNF TIBQF BT UIF MPDBM DPFऀDJFOU PG MJGU DVSWF�

��



ᅡ༡༭ᅢႹ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༑Ⴘ ཋᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁeˢˢʥɱф̡җʥ ȨΓˬ͟ʥ έˢ ȨффȨɱ͍ җЫ ЫϬȨΓ Ȩф ʈ̡ˢˢʥЄʥΓф җȨ͟ѧʥЫ έˢ᩠ޫф̋ЄѧЫфሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁè̡ˢфሁᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༧༹༑Ⴘ ཋᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ཋᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇཅ༹༑Ⴘ ཋᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༡༑༑༑Ⴘ ཋᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ

ᅡ༡༳ᅢႹ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༑Ⴘ ༡༡ᑷ༧Ⴘ TrueႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁǃᇧ̡Γˢᇧɡ җЫ ЫϬȨΓ Ȩф ʈ̡ˢˢʥЄʥΓф җȨ͟ѧʥЫ έˢ ф̋ЄѧЫфሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁǃᇧ̡Γˢᇧɡሁᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༧༹༑Ⴘ ༡༡ᑷ༧Ⴘ TrueႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ༡༡ᑷ༧Ⴘ TrueႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇཅ༹༑Ⴘ ༡༡ᑷ༧Ⴘ TrueႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༡༑༑༑Ⴘ ༡༡ᑷ༧Ⴘ TrueႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ሁǃᇧ̡ΓˢᇧɡሁႸ ЫʥфѧϬᑻFalseᅝ
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����� &WBMVBUJOH IPX MPDBM XJOH DPF֋DJFOU PG MJGU WBSJFT BT B GVODUJPO PG UIF BOHMF PG BUUBDL
'PS UIJT BOBMZTJT
 * LFQU UISVTU DPOTUBOU BU ���/ BOE DIBOHFE UIF BOHMF PG BUUBDL UP PCTFSWF IPX UIF MPDBM
DPFऀDJFOU PG MJGU DIBOHFE� "HBJO * GPDVTFE NPTU PG NZ BOBMZTJT UP BOHMFT PG BUUBDL DMPTF UP UIF TUBMM BOHMF

UP TFF JG UIF XBZ JO XIJDI UIF TUBMM EFWFMPQT PO UIF XJOH IBT CFFO BࣽFDUFE CZ UIF QSPQFMMFS�

ᅡ༡༹ᅢႹ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ༹ᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁèέɱȨ͟ ɱέʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф җЫ ЫϬȨΓ Ȩф ʈ̡ˢˢʥЄʥΓф ȨΓˬ͟ʥЫ᩠ޫέˢ ȨффȨɱ͍ሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ༡༑ᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ༡༳ᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ༡༹ᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ༡༿ᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ༡ཋᑷ༧Ⴘ FalseႸ ሁɱ͟ᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁɱ͟ሁႸ ሁɱ͟ሁႸ ЫʥфѧϬᑻFalseᅝ
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*O UIF BCPWF DIBSU
 XF DBO TFF IPX UIF BOHMF PG BUUBDL BࣽFDUT UIF MPDBM DPFऀDJFOU PG MJGU� 5IFSF BSF TFWFSBM
JOUFSFTUJOH PCTFSWBUJPOT UP NBLF�

�� 5IF BJSDSBGU XJOH BMSFBEZ CFHJOT UP TUBMM BU ᅫ � ��¯
 XIFSFBT XJUIPVU UIF QSPQFMMFST ᅫ � ��¯ TUJMM
IBE B OPSNBM MJGU EJTUSJCVUJPO� "MTP
 JU JT JOUFSFTUJOH UP OPUF UIBU UIJT UJNF
 UIF TUBMM EFWFMPQT BU UIF
USBOTJUJPO QPJOU GSPN QSPQFMMFS UP OPO�QSPQFMMFS XJOH TQBO� "EEJUJPOBMMZ
 FWFO UIPVHI B QPSUJPO PG UIF
XJOH TUBMMT
 UIF DFOUFS TFDUJPO PG UIF XJOH TUJMM HFOFSBUFT TJHOJࣾDBOUMZ NPSF MJGU BOE IBT OPU TUBMMFE ZFU�
5IFSFGPSF
 JU BQQFBST UIBU BSPVOE UIF USBOTJUJPO QPJOUT CFUXFFO QSPQFMMFS BOE OPO�QSPQFMMFS XJOH TQBOT
UIFSF JT BDUVBMMZ B IJHI FࣽFDUJWF BOHMF PG BUUBDL�

�� 5IF QSPQFMMFS SFEVDFT UIF BOHMF PG BUUBDL BU UIF XJOH UJQT PG UIF XJOH� "T B SFTVMU
 UIFTF XJOH UJQT
FYQFSJFODFE B TJHOJࣾDBOUMZ EFMBZFE TUBMM DIBSBDUFSJTUJD� 1SFWJPVTMZ
 XF TBX UIBU BU ᅫ � ��¯
 UIF BJSDSBGU
XJOH XJUIPVU QSPQFMMFST IBE GVMMZ TUBMMFE� )PXFWFS
 JO UIJT DBTF
 POMZ UIF OPO�QSPQFMMFS TFDUJPO PG
UIF XJOH IBT TUBMMFE� 5IF QSPQFMMFS TFDUJPO TUJMM IBT MBNJOBS ࣿPX
 BOE BT XF JODSFBTF UIF BOHMF PG
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BUUBDL CFZPOE ᅫ � ��¯
 UIF XJOH UJQT DPOUJOVF HFOFSBUJOH NPSF MJGU
 XIFSFBT UIF TUBMMFE DFOUFS TFDUJPO
HFOFSBUFT BQQSPYJNBUF UIF TBNF BNPVOU PG MJGU�

� "QQFOEJY
%VSJOH NZ BOBMZTJT
 * HFOFSBUFE B MPU PG BEEJUJPOBM DIBSUT BOE HSBQI UP IFMQ XJUI VOEFSTUBOEJOH UIF QIZTJDT
CFIJOE XIBU JT HPJOH PO JO UIJT TJUVBUJPO
 UP DSPTT�DIFDL NZ BOTXFST BOE MFBSO OFX JOTJHIUT� " MPU PG UIF
DIBSUT BSF JODMVEFE IFSF JO UIF BQQFOEJY� * BMTP EJEO Ṳ TQFOE UPP NVDI UJNF EFCVHHJOH UIFTF BT UIFZ BSF
CFZPOE UIF TDPQF PG UIF BTTJHONFOU�

ᅡ༡༿ᅢႹ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ཋᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁeˢˢʥɱф̡җʥ ȨΓˬ͟ʥ έˢ ȨффȨɱ͍ җЫ ЫϬȨΓ Ȩф ʈ̡ˢˢʥЄʥΓф ȨΓˬ͟ʥЫ έˢ᩠ޫȨффȨɱ͍ሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁ߂ᇧʥˢˢሁᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡༳ᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡༳ᨑሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁ߂ᇧʥˢˢሁႸ ЫʥфѧϬᑻFalseᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡༹ᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡༹ᨑሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁ߂ᇧʥˢˢሁႸ ЫʥфѧϬᑻFalseᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡༿ᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡༿ᨑሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁ߂ᇧʥˢˢሁႸ ЫʥфѧϬᑻFalseᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༡ཋᑷ༧Ⴘ TrueႸ ሁ߂ᇧʥˢˢሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡ཋᨑሁႸ ሁЫϬȨΓ᩠ޫᅛ΄ᅝሁႸ ሁ߂ᇧʥˢˢሁႸ ሁ߂ᇧʥˢˢሁႸ ЫʥфѧϬᑻFalseᅝ

ᄆ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛΓέᇧϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿႸ ༧༑ᑷ༧Ⴘ ƇЄѧʥႸ ሁɱ͟ᇧɡሁႸ ሁ?έʥˢˢ̡ɱ̡ʥΓф έˢ ̡͟ˢф ɱᇧ͟ җЫ ЫϬȨΓ Ȩф ߂ έˢ ༡ཋᨑሁႸ ሁЫϬȨΓሁႸ᩠ޫሁɱ͟ሁႸ ሁɱ͟ᇧɡሁႸ ЫʥфѧϬᑻ�Ȩ͟Ыʥᅝ
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ᅡ༡ཋᅢႹ Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁèᇧɡሁႸ ሁè̡ˢф җЫ ЫϬȨΓ Ȩф ʈ̡ˢˢʥЄʥΓф җȨ͟ѧʥЫ έˢ ф̋ЄѧЫфሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ᩠ޫሁè̡ˢфሁႸ ሁè̡ˢфሁᅝ

Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༧༹༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁèᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁè̡ˢфሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༹༑༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁèᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁè̡ˢфሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇཅ༹༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁèᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁè̡ˢфሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ
Ϭ͟έфᇧҦ̡ΓˬЫᇧҗЫᇧЫϬȨΓᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༡༑༑༑Ⴘ ཋᑷ༧Ⴘ FalseႸ ሁèᇧɡሁႸ ሁሁႸ ሁЫϬȨΓ ᅛ΄ᅝሁႸ ሁè̡ˢфሁႸ ሁè̡ˢфሁႸ ЫʥфѧϬᑻFalseᅝ

ϬЄ̡ΓфᅛϬЄέϬʥ͟͟ʥЄᇧЫέ͟ѧф̡έΓᇧȨЄЄȨҿᇧƇ༑ᅡ༑ᅢᅡཋᑷ༧ᅢႷè̡ˢфᅝ

༡༳༡༿Ⴗ༡ད༧ཋ༳ད༧༭༿༹༭༡༳
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