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4VNNBSZ

t 1BSU *� .POBEJD TFDPOE�PSEFS MPHJD PWFS MJOFBS PSEFSJOHT�DIBJOT�XPSET
t 1BSU **� "MHFCSBT GPS DPVOUBCMF XPSET
t 1BSU ***� "OTXFSJOH RVFTUJPOT

�



1BSU *
.POBEJD TFDPOE�PSEFS MPHJD BOE MJOFBS PSEFSJOHT

*O XIJDI XF QSFTFOU UIF PCKFDUT XF DBSF BCPVU
BOE TUBSU UP BTL RVFTUJPOT BCPVU UIFN�

�



.POBEJD 4FDPOE�0SEFS MPHJD 	.40

PO MJOFBS PSEFSJOHT

'JSTU�PSEFS MPHJD 	'0
 8F DPOTJEFS SFMBUJPOBM TUSVDUVSFT 	XJUI OP GVOD�
UJPOBM TZNCPMT
�
'JSTU�PSEFS MPHJD�T TZOUBY�

Ψ := 5 | '
| Ψ ∧Ψ

| Ψ ∨Ψ

| ¬Ψ
| ∃x.Ψ | ∀x.Ψ
| R(x1, . . . , xk) .

XJUI UIF FYQFDUFE TFNBOUJDT�
.POBEJD TFDPOE�PSEFS MPHJD 	.40
 FYUFOET '0 4ZOUBY�

Ψ := '0 TZOUBY
| ∃X.Ψ | ∀X.Ψ

| x ∈ X .

7BSJBCMFT X,Y, . . . BSF DBMMFE NPOBEJD PS TFU WBSJBCMFT BOE BSF JOUFS�
QSFUFE PWFS UIF QPXFSTFU PG UIF TUSVDUVSF�

&YBNQMF� 0O EJSFDUFE HSBQIT 3FBDI(x, y) FYQSFTTFT UIF FYJTUFODF PG B
QBUI GSPN x UP y�

-JOFBS PSEFS	JOH
T
" MJOFBS PSEFS JT B UPUBM PSEFS
	TUSVDUVSF PWFS TJHOBUVSF � i<w
�
8F BSF JOUFSFTUFE JO DPVOUBCMF MJOFBS PSEFST�
8F JNQMJDJUMZ DPOTJEFS MJOFBS PSEFST NPEVMP JTPNPSQIJTNT 	NPOPUPOJD
CJKFDUJPOT


�

&YBNQMF�
t 'JOJUF MJOFBS PSEFST�

t ω = (N, <)�

t ω∗ = (N, >)�

t ζ = (Z, <)

t η = (Q, <) 	SBUJPOBM MJOF


t TVNT PG MJOFBS PSEFST JOEFYFE CZ B MJOFBS PSEFS BT
∑

i∈η ζ

t FUD���

�2�
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4PNF OPUJPOT PWFS MJOFBS PSEFST BOE UIFJS MPHJDBM FYQSFTTJPO

t #FJOH FNQUZ�OPO�FNQUZ�

t #FJOH EFOTF�

t )BWJOH B NJOJNBM�NBYJNBM FMFNFOU�

t #FJOH JTPNPSQIJD UP (Q, <)�

t #FJOH JOĕOJUF�

t #FJOH ĕOJUF�

t #FJOH XFMM GPVOEFE 	JF JTPNPSQIJD UP BO PSEJOBM
�

t " 	%FEFLJOE
 DVU JT B EPXOXBSE DMPTFE TVCTFU�

$VUT � FMFNFOUT DBO CF UPUBMMZ PSEFSFE
t " HBQ JT B AIPMF� JO UIF MJOFBS PSEFSJOH� B DVU XIJDI JU OPU NJOJNBM OPS
NBYJNBM IBT OP QSFEFDFTTPS BOE OP TVDDFTTPS�

t #FJOH %FEFLJOE DPNQMFUF�

t #FJOH TDBUUFSFE JT CFJOH OPXIFSF EFOTF 	OP TVCTFU JT EFOTF
�

ćFPSFN	3BCJO��
 ćF .40�UIFPSZ PG UIF SBUJPOBM MJOF JT EFDJEBCMF�

ćFPSFN	4IFMBI��
 ćF .40�UIFPSZ PG UIF SFBM MJOF JT VOEFDJEBCMF�

�

 



$IBJO BOE XPSET

" DIBJO JT B MJOFBS PSEFS UPHFUIFS XJUI VOBSZ QSFEJDBUFT�

"XPSE JT B DIBJO TVDI UIBU BMM FMFNFOU CFMPOH UP FYBDUMZ POF PG UIF VOBSZ
QSFEJDBUFT 	DBMMFE MFUUFST
� " XPSE JT DPVOUBCMF JG JUT VOJWFSTF 	TFU PG QP�
TJUJPOT
 JT DPVOUBCMF�

8F TFU

ADX := {DPVOUBCMF XPSET PWFS A}

0G DPVSTF ĕOJUF XPSET DPJODJEF XJUI XPSET JO UIF VTVBM TFOTF�
$POTUSVDUJPO GPS XPSET
(JWFO XPSE u, v uv JT UIFJS DPODBUFOBUJPO�
0OF DBO QFSGPSN QSPEVDUT JOEFYFE CZ MJOFBS PSEFSJOHT�

∏

i∈α

ui := . . .

&YQPOFOUJBUJPO JT B TQFDJBM DBTF�

uα :=
∏

i∈α

u .

%FĕOJUJPO 'PS X B 	ĕOJUF
 TFU PG MFUUFS

TIVGGMF(X)

EFOPUFT B XPSE PWFS UIF BMQIBCFU X TVDI UIBU�

t *U JT DPVOUBCMF�

t *U IBT BU MFBTU UXP FMFNFOUT�

t *U IBT OP NJOJNBM OPS NBYJNBM FMFNFOU�

t "MM MFUUFST JO X BQQFBS EFOTFMZ�
∧

a∈X

∀x∀y (x < y → ∃z.x < z < y ∧ a(z)) .

-FNNB 6Q UP JTPNPSQIJTN TIVGGMF(X) JT VOJRVFMZ EFĕOFE�

4JODF�

t BMM DPVOUBCMF MJOFBS PSEFST BSF TVCPSEFST PG (Q) BOE

t .40 DBO RVBOUJGZ PWFS VOBSZ QSFEJDBUFT

XF PCUBJO�
$PSPMMBSZ PG <3BCJO��> ćF .40�UIFPSZ PG DPVOUBCMF MJOFBS PS�
EFST�DPVOUBCMF DIBJOT�DPVOUBCMF XPSET JT EFDJEBCMF�

�



1MFOUZ PG iOBUVSBMw RVFTUJPOT

%P XF OFFE BMM RVBOUJĕFST  
&H� .40 JT LOPXO UP DPMMBQTF UP POF FYJTUFOUJBM
NPOBEJD RVBOUJĕFS PWFS ĕOJUF XPSET�

%PFT UIF TBNF UIJOH PDDVS PWFS DPVOUBCMF MJOFBS
PSEFST 

8IBU JT UIF FYQSFTTJWFOFTT PG.40
XJUI DVUT JO UIF CBDLHSPVOE 
%PFT JU IFMQ XIFO FYQSFTTJOH B QSPQFSUZ PWFS UIF
SBUJPOBMT UP VTF BMM DVU JO UIF MPHJD 

8IBU JT UIF TUBUVT PG '0 JOTJEF
.40 
*T '0 FRVJWBMFOU UP .40 
*G OPU DBO XF EFDJEF JG B GPSNVMB PG .40 JT FRVJW�
BMFOU UP B GPSNVMB PG '0 PWFS DPVOUBCMF XPSET 
"SF UIFSF PUIFS OBUVSBM MPHJDT CFUXFFO '0 BOE
.40 
4BNF RVFTUJPOT���

"OE XIBU BCPVU TFQBSBUJPO 
$BO XF EFDJEF JG UXP .40 GPSNVMBF DBO CF TFQB�
SBUFE CZ BO '0 POF 0UIFS MPHJDT 

6OJGPSNJ[BUJPO 
*G UIFSF JT B TPMVUJPO UP Ψ(X) JT JU QPTTJCMF UP EF�
ĕOF VOJRVFMZ TVDI BO X 

�



3FDBQ PG QBSU *
8F IBWF TFFO�

t 'JSTU�PSEFS BOE NPOBEJD TFDPOE�PSEFS MPHJDT

t -JOFBS PSEFST DIBJOT BOE XPSET BOE NBOZ FYBNQMFT�

t *O QBSUJDVMBS UIF XPSE TIVGGMF(X)�

t ćF TFNJOBM SFTVMUT PG 3BCJO 	EFDJEBCJMJUZ PG .40 PWFS (Q, <)
 BOE 4IFMBI 	VOEFDJEBCJMJUZ PWFS (R, <)
�

t 8F BMTP BTLFE PVSTFMWFT NBOZ RVFTUJPOT PO UIF FYQSFTTJWFOFTT PG '0 BOE .40 PWFS DPVOUBCMF XPSET�

�



**
"MHFCSBT GPS DPVOUBCMF XPSET
8IFSF XF QSFTFOU BOPUIFS BMHFCSBJD XBZ UP EFTDSJCF TFUT PG DPVOUBCMF
XPSET BOE TFF IPX UP IBOEMF BMHPSJUINJDBMMZ UIFTF EFTDSJQUJPO�

�



.POPJET GPS DPVOUBCMF XPSET

/PUF GPS MBOHVBHFT PG ĕOJUF XPSET UIBU�

.40�EFĕOBCMF = SFDPHOJ[BCMF CZ
ĕOJUF NPOPJET

BOE
NPOPJE =

BMHFCSB GPS
UIF XPSE NPOBE

8F XBOU UP FYUFOE UIJT BQQSPBDI UP DPVOUBCMF
XPSET�

%FĕOJUJPO �� " DPVOUBCMF XPSET NPOPJET 	DX
NPOPJE GPS TIPSU
 DPOTJTUT PG B TFU

M

BOE B 	GBNJMZ PG
 PQFSBUJPO	T
 DBMMFE QSPEVDU
π : M DX −→ M ,

UIBU TBUJTGZ TVJUBCMF HFOFSBMJ[FE BTTPDJBUJWJUZ JEFO�
UJUJFT�

%FĕOJUJPO � <#PKBOD[ZDL��>� " DXNPOPJE JT BO
	&JMFOCFSH�.PPSF
 BMHFCSB GPS UIF NPOBE�

T : a2i −→ a2i
M (−→ M DX

XJUI B NVMUJQMJDBUJPO µM : [M DX]DX → M DX
BOE VOJU ηM : M → M DX�
&YBNQMF M = {1, a, 0} XJUI

π(u) =






1 JG ui = 1 GPS BMM i ∈ EPN(u),

0 JG ui = 0 GPS TPNF i PS ui = a GPS JOĕOJUFMZ NBOZ ihT PS
a PSUIFSXJTF�

%FĕOJUJPO� " MBOHVBHF L ⊆ ADX JT SFDPHOJ[BCMF
JG UIFSF JT B DX NPOPJE NPSQIJTN ρ : ADX → M
XJUIM B ĕOJUF DX NPOPJE BOE F ⊆ M TVDI UIBU�

u ∈ L JG BOE POMZ JG ρ(u) ∈ F .

&YBNQMF ćF MBOHVBHF PG XPSET XJUI ĕOJUFMZ
NBOZ ahT JT SFDPHOJ[BCMF�

��



'JOJUF QSFTFOUBUJPOT GPS DX NPOPJET

5XP PQFSBUJPOT BSF TVďDJFOU GPS EFTDSJCJOH B
NPOPJE�

1 := π(ε), BOE a · b := π(ab) .

XF TFBSDI GPS TVďDJFOU PQFSBUJPOT GPS EFTDSJCJOH
B DX NPOPJE�

(JWFO B DX NPOPJE (M, π) XF EFĕOF JUT EFSJWFE
PQFSBUJPOT�

1 = π(ε), a · b = π(ab)

aω = π(
ω UJNFT︷ ︸︸ ︷
aaa . . .) aω∗ = π(

ω∗ UJNFT︷ ︸︸ ︷
. . . aaa)

BOE Xη = π(TIVGGMF(u))

&YBNQMF M = {1, a, 0} XJUI

π(u) =






1 JG ui = 1 GPS BMM i ∈ EPN(u),

0 JG ui = 0 GPS TPNF i PS ui = a GPS JOĕOJUFMZ NBOZ ihT PS
a PSUIFSXJTF�

'VSUIFSNPSF UIF EFSJWFE PQFSBUJPOT 1, ·,ω ,ω∗ ,η
TBUJTGZ JEFOUJUJFT I �

ćFPSFN<$BSUPO�$��1VQQJT��> (JWFO B ĕOJUF
TFU M BOE PQFSBUJPOT 1, ·,ω ,ω∗ ,η TBUJTGZJOH UIF
JEFOUJUJFT I  UIFSF FYJTUT POF BOE FYBDUMZ POF

π : M DX → M ,

UIBU NBLFT (M, π) B DX NPOPJE PG EFSJWFE PQFSB�
UJPOT 1, ·,ω ,ω∗ ,η�

'SPNOPX JU JT UIF TBNF UP HJWF EFSJWFE PQFSBUJPOT
PS UIF QSPEVDU�

��



&YBNQMFT PG DX NPOPJET

&YBNQMF ćF DPVOUBCMF XPSET UIBU BSF XFMM
GPVOEFE�

&YBNQMF ćF DPVOUBCMF XPSET UIBU BSF %FEFLJOE
DPNQMFUF 	IBWF OP HBQT
�

&YBNQMF ćFDPVOUBCMF XPSET UIBU IBWF B EPNBJO
JTPNPSQIJD UP UIF (Q, <)�

&YBNQMF ćF DPVOUBCMF XPSET UIBU BSF TDBUUFSFE�

��



ćF DPNQPTJUJPO NFUIPE PG 4IFMBI

%FĕOJUJPO� $BMM UIF k�UZQF UZQFL(u) PG B XPSE u ∈
ADX UIF TFU PG GPSNVMBF PG .40 PG RVBOUJĕFS SBOL
BU NPTU k UIBU JU TBUJTĕFT�
5ZQFTL JT UIF TFU PG k�UZQFT�

-FNNB ćF TFU PG k�UZQFT JT ĕOJUF�
	4JNJMBS UP 'FGFSNBO�7BVHIU


-FNNB<JNQMJDJUMZ JO 4IFMBI��> ćF TFU PG k�
UZQFT DBO CF FRVJQQFE PG B QSPEVDU π UVSOJOH
(5ZQFTL, π) JOUP B DX NPOPJE BOE�

UZQFL : A
DX −→ 5ZQFTL

JOUP B DX NPOPJE NPSQIJTN�

$PSPMMBSZ "MM.40�EFĕOBCMF MBOHVBHFT PG DPVOU�
BCMF XPSET BSF SFDPHOJ[BCMF 	FWFO FČFDUJWFMZ
�

ćFPSFN<$BSUPO�$��1VQQJT��> " MBOHVBHF PG
DPVOUBCMF XPSET JT .40�EFĕOBCMF JG BOE POMZ JG JU
JT SFDPHOJ[BCMF� "OE UIJT JT FČFDUJWF�

" 	WFSZ TNBMM
 JEFB BCPVU UIF QSPPG�

��



3FDBQ PG QBSU **
8F IBWF TFFO�

t 4FUT PG DPVOUBCMF XPSET DBO CF SFDPHOJ[FE CZ BMHFCSBT FYUFOEJOH NPOPJET UP UIF DPVOUBCMF XPSET�

t ćFTF DX NPOPJET BSF GSPN UIF DBUFHPSZ QFSTQFDUJWF BMHFCSBT GPS UIF DPVOUBCMF XPSE NPOBE�

t "OE CFJOH SFDPHOJ[BCMF CZ ĕOJUF DX NPOPJET JT FRVJWBMFOU UP .40�EFĕOBCMF�

t ćPVHI XJUI JOĕOJUFMZ NBOZ PQFSBUJPOT ĕOJUF DX NPOPJET DBO CF ĕOJUFMZ�BMHPSJUINJDBMMZ VTFE VTJOH
UIFJS ĕOJUFMZ NBOZ ĕOJUF�BSJUZ EFSJWFE PQFSBUJPOT�

��



***
"OTXFSJOH RVFTUJPOT
8IFSF XF DBO TUBSU UP HJWF BOTXFST���

��



%P XF IBWF B DPMMBQTF PG RVBOUJĕFST 

&.40 JT .40 SFTUSJDUFE UP GPSNVMBF PG UIF GPSN�
∃X1 . . . ∃Xk Ψ, XJUI Ψ ĕSTU�PSEFS�

-FU 6.40 CF JUT EVBMM�

'PMLMPSF " MBOHVBHF PG ĕOJUF XPSET JT .40�
EFĕOBCMF JG BOE POMZ JG JU JT &.40�EFĕOBCMF�

�2�

3FDBMM UIBU CFJOH TDBUUFSFE JT FYQSFTTFE BT�
'PS BMM TFUT X  UIF MJOFBS PSEFS JOEVDFE CZ X JT

OPU EFOTF�
ćJT JT B GPSNVMB PG 6.40�

-FNNB #FJOH TDBUUFSFE JT OPU FYQSFTTJCMF JO
&.40�

3FDBMM�

ćFPSFN<$BSUPO�$��1VQQJT��> " MBOHVBHF PG
DPVOUBCMF XPSET JT .40�EFĕOBCMF JG BOE POMZ JG JU
JT SFDPHOJ[BCMF�

�

*O GBDU UIF QSPPG QSPWJEFT NPSF� .40 JT FČFD�
UJWFMZ FRVJWBMFOU PWFS DPVOUBCMF XPSET UP JUT

∃TFUT∀TFUT '0 BOE ∀TFUT∃TFUT '0

GSBHNFOUT 	POF BMUFSOBUJPO PG NPOBEJD RVBOUJ�
ĕFST
� #VU OPU MFTT

�

��



$BO XF VTF DVUT JO UIF CBDLHSPVOE 

�2�

2VFTUJPO<(VSFWJUDI�3BCJOPWJDI��> (JWFO B
GPSNVMB Ψ(X) PG .40 EPFT UIFSF FYJTUT B GPS�
NVMB Ψ∗(X) PG .40 TVDI UIBU GPS BMM X ⊆ Q

(R, <) |= Ψ(X) JG BOE POMZ JG (Q, <) |= Ψ∗(X) .

�

0S TJNQMZ ||JT JU FRVJFYQSFTTJWF UP RVBOUJGZ PWFS
DVUT GPS EFĕOJOH B QSPQFSUZ PG B TFU PG SBUJPOBMT hh

�

�2�

ćFPSFN<$���> :FT�

1SPPG ćF NBQ XIJDI UP BMM DPVOUBCMF XPSET u
EFĕOFT

δ : ADX −→ 5ZQFTL
u (−→ UZQFL(û) ,

JOXIJDI û JT UIF DPNQMFUJPO PGu JOXIJDI B TQFDJBM
MFUUFS ◦ JT TVCTUJUVUFE UP BMM HBQT JT B DX NPOPJE
NPSQIJTN�

�

ćF GVOOZ UIJOH� ćF .40�UIFPSZ PG (R, <) CF�
JOH VOEFDJEBCMF UIF UIFPSFN DBOOPU CF FČFDUJWF�

�2�

��



$PNQBSJOH '0 .40 BOE PUIFST

(JWFO B NPOPJEM  JU JT BQFSJPEJD JG GPS BMM a ∈ M 

an+1 = an GPS TPNF n�

*O QBSUJDVMBS UIF MBOHVBHF ||UIF XPSET PG MFOHUI i
NPEVMP khh BSF OPU SFDPHOJ[BCMF CZ BO BQFSJPEJD
NPOPJE�

*U JT DMBTTJDBM JO MBOHVBHF UIFPSZ�

ćFPSFN<4DIàU[FOCFSHFS��> 'PS B MBOHVBHF PG
ĕOJUF XPSET UIF GPMMPXJOH JUFNT BSF FRVJWBMFOU�
t CFJOH EFĕOBCMF JO ĕSTU�PSEFS MPHJD
t CFJOH SFDPHOJ[BCMF CZ B ĕOJUF BQFSJPEJD NPOPJE
t IBWJOH BO BQFSJPEJD |TZOUBDUJDh NPOPJE
t ��� BOE TFWFSBM PUIFS UIJOHT ���
"OE UIJT JT FČFDUJWF�

ćFPSFN<$��4SFFKJUI��> "O .40�EFĕOBCMF
MBOHVBHF PG DPVOUBCMF XPSET JT EFĕOBCMF JO ĕSTU�
PSEFS MPHJD JG BOE POMZ JG JU JT SFDPHOJ[FE CZ B DX
NPOPJE TBUJTGZJOH BQ JE→TD TD→TI TI→TT BOE
UIJT JT FČFDUJWF�
8IFSF�
"Q JT BQFSJPEJD�
*E→TD *G e = e · e JNQMJFT e = eω · eω∗�
"MTP DBMMFE HBQ JOTFOTJUJWJUZ�

4D→TI *G e = eω · eω∗ JNQMJFT e = eη�
4I→TT *G e = eη = e · a · e JNQMJFT e = {e, a}η�
	JO SFBM GPS TFWFSBM ahT TJNVMUBOFPVTMZ���


BOE NPSF��� "O .40�EFĕOBCMF MBOHVBHF JT EF�
ĕOBCMF JO�
t 8.40�'0<ĕOJUF> JČ JE→TD TD→TI TI→TT
t '0<DVU> JČ BQ TD→TI TI→TT
t '0<ĕOJUFDVU>�'0<PSEJOBMT> JČ TD→TI TI→TT
t '0<TDBUUFSFE> JČ TI→TT�
"OE UIFTF QSPQFSUJFT BSF EFDJEBCMF�

��



4FQBSBUJOH MBOHVBHFT

�2�

ćF QSPCMFN� 'JY B MPHJD L� (JWFO UXP .40�
EFĕOBCMF MBOHVBHFT PG DPVOUBCMF XPSET K,L EF�
DJEF JG UIFSF JT B TFQBSBUJOH MBOHVBHF S EFĕOBCMF
JO L�
S JT TFQBSBUJOH JG K ⊆ S BOE S ∩ L = ∅�

3FNBSL %FDJEBCMF L�TFQBSBUJPO JNQMJFT EFDJE�
BCJMJUZ PG L�DIBSBDUFSJ[BUJPO�

�

�2�

ćFPSFN<$��.PWBO�WBO(PPM��> '0�TFQBSBUCJMJUZ
JT EFDJEBCMF PWFS DPVOUBCMF PSEJOBM XPSET�

�2�

8F BSF DVSSFOUMZ TUVEZJOH UIF HFOFSBMJTBUJPOT���

��



6OJGPSNJ[BUJPO

�2�

%FĕOJUJPO� " GPSNVMB Ψ(X, Ȳ ) JT VOJGPSNJ[BCMF
	JO B HJWFO MPHJD PWFS TPNF DMBTT PGNPEFMT
 JG UIFSF
FYJTUT B GPSNVMB 	DBMMFE UIF VOJGPSNJ[FS
 Ψ∗(x, Ȳ )

TVDI UIBU GPS BMM NPEFMT u BOE WBMVBUJPOT B̄ JG

u |= Ψ(A, B̄)

GPS TPNF TFU B UIFO

u |= Ψ({x | Ψ∗(x, B̄)}, B̄) .

�

1SPQPTJUJPO<4IFMBI�-JGTIFT��> .40 JT VOJ�
GPSNJ[BCMF JO .40 PWFS BMM XPSET PG EPNBJO BU
NPTU ωk 	GPS TPNF k
�

1SPQPTJUJPO<4IFMBI�-JGTIFT��> .40 JT OPU VOJ�
GPSNJ[BCMF JO .40 PWFS ωω�

�

*O QBSUJDVMBS UIF OPO VOJGPSNJ[BCMF GPSNVMB
ω−$PG(X,Y )

FYQSFTTFT UIBU X IBT PSEFS�UZQF ω  BOE JT DPĕOBM
JO Y �

�2�

ćFPSFN<$��3BCJOPWJDI  > .40 JT VOJGPSNJ[�
BCMF JO .40�ω−$PG6 JO XIJDI ω−$PG6(x, Y )
OFX DPOTUSVDUT UIBU VOJGPSNJ[FT ω−$PG(X,Y )�

�

ćFPSFN<$��3BCJOPWJDI  > *U JT QPTTJCMF HJWFO
BO .40 GPSNVMB UP EFDJEF XIFUIFS JU UIBU BO
.40�EFĕOBCMF VOJGPSNJ[FS�

�2�
��



$PODMVTJPO

�

t .40 PWFS DPVOUBCMF MJOFBS PSEFST�DIBJOT�XPSET IBT B SJDI BOE XFMM CFIBWFE UIFPSZ�

t ćF BMHFCSBJD BQQSPBDI VTJOH TVJUBCMF FYUFOTJPOT PG UIF OPUJPO PG NPOPJET FYBDUMZ DBQUVSFT UIF FYQSFT�
TJWFOFTT PG .40�

t ćJT UFDIOPMPHZ HJWFT B DPNNPO IBOEMF GPS TPMWJOH NBOZ OPO USJWJBM RVFTUJPOT�

�

ćBOL ZPV�

��


