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\, Asimptotik simgelem

O-simgelemai (Ust sinirlar):
s

Tiim n > n_0 degerleri i¢in sabitler c >0, n_0 > 0 ise

0 < f(n) < cg(n) durumunda
f(n) = O(g(n)) yazabiliriz.

September 12, 2005 Copyright © 2001-5 Erik D. Demaine and Charles E. Leiserson L2.2


server
Daktilo Metni
Tüm n ≥ n_0  değerleri için sabitler c > 0,   n_0 > 0 ise 
0 ≤ f(n) ≤ cg(n)  durumunda 
f(n) = O(g(n))  yazabiliriz.
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ALGORITHMS

“ " Asimptotik simgelem

Y

O-simgelemi (iist sinirlar):

Tim n=n_0 degerleri icin sabitler c>0, n_0>0 ise
0<f(n)<cg(n) durumunda
f(n)=0(g(n)) yazabiliriz.

Ornek: 212 = O(n?) (c=1,n,=2)
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server
Daktilo Metni
Tüm n≥n_0  değerleri için sabitler c>0, n_0>0 ise 
0≤f(n)≤cg(n) durumunda 
f(n)=O(g(n)) yazabiliriz.
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ALGORITHMS

=y Asimptotik simgelem
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O-simgelemi (iist sinirlar):
a

Tim n>n_0 degerleri icin sabitler ¢>0, n_0>0 ise
0<f(n)<cg(n) durumunda
f(n)=0(g(n)) yazabiliriz.

OrnEk: 272 = O(n%) (c=1,n,="2)

/

fonksiyonlar,
degerler degi
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server
Daktilo Metni
Tüm n≥n_0  değerleri için sabitler c>0, n_0>0 ise
 0≤f(n)≤cg(n) durumunda 
f(n)=O(g(n)) yazabiliriz.


ALGORITHMS

=y Asimptotik simgelem
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O-simgelemi (iist sinirlar):

Tim n = n_0 degerleri icin sabitler c> 0, n_0 > 0 ise
0 < f(n) < cg(n) durumunda
f(n)=0(g(n)) yazabiliriz.

Ornek: 212 = Q(n?) (c=1,n,=2)

/ komik, “tek yonlii”
fonksiyonlar, esitlik
degerler degi
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server
Daktilo Metni
Tüm n ≥ n_0  değerleri için sabitler c> 0, n_0 > 0 ise 
0 ≤ f(n) ≤ cg(n) durumunda 
f(n)=O(g(n)) yazabiliriz.


= &+ O-simgeleminin tanimi

/O(g(n)) — {f(n) “tim n = n_0 degerlerinde

c>0, n0 >0ise,

0 <f(n) <cg(n)}
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Daktilo Metni

server
Daktilo Metni
tüm n ≥ n_0 değerlerinde 
c > 0,  n_0  > 0 ise, 
0 ≤ f(n) ≤ cg(n) } 
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" &° O-simgeleminin tanimi

/O(g (n)) — {f(n) . tiim n > n_0 degerlerinde

c>0, n_0 >0 ise,
0<f(n)<cg(n) }

Ornek: 272 € O(n?)
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server
Daktilo Metni
tüm n ≥ n_0 değerlerinde 
c>0,  n_0 >0 ise, 
0≤f(n)≤cg(n) } 


& 0-51mgelem1n1n tanimi

/O(g(n)) — { f(n) tim n > n_0 degerlerinde

c>0, n_0 >0 ise,

0<f(n)<cg(n) }

Ornek: 272 € O(n?)

(Mantiksallar: ).n.2n* € O(An.n’); ne olup
bittigini anladigimiz stirece 0zensiz olmak
yararl olabilir.)
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server
Daktilo Metni

server
Daktilo Metni
tüm n ≥ n_0 değerlerinde 
c>0,  n_0 >0 ise, 
0≤f(n)≤cg(n) } 


'ﬂ'
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) Makro ornatimi (substitution)

LN
W

Uzlasim (Convention): Bir formiliin i¢indeki bir set,
o setin 1¢indeki anonim bir fonksiyonu temsil eder.
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" | Makro ornatimi (substitution)

Uzlasim: Bir formiiliin icindeki bir set, o setin
icindeki anonim bir fonksiyonu temsil eder.

fin) =n’+0(n?),
bazi h(n) € O(n2) i¢in
f(n) =n? + h(n)

anlamina gelir.
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“ <+ Makro ornatim (substitution)

Uzlasim: Bir formiiliin icindeki bir set, o setin
i¢cindeki anonim bir fonksiyonu temsil eder.

ORNEK: n*+ O(n) = O(n?)
su anlama da gelir;
her f(n) € O(n)i¢in:
n* + fin) = h(n),

bazi1 /i(n) € O(n?) olunca.
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(2-simgelemi (alt simirlar)

O-simgelemi bir iist-sinir simgelemadir.
f(n) en az O(n?)'dir demenin bir anlami yoktur.
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“ & Q-simgelemi (alt sinirlar)

Y

O-simgelemi bir tist-sinir simgelemidir.
f(n) en az O(n?)'dir demenin bir anlami yoktur.

/Q(g(n)) — {f(l/l) . tim n = n_0 degerlerinde

c>0, n0>0ise,

0 <cg(n) <f(n)}
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server
Daktilo Metni
tüm n ≥ n_0 değerlerinde
 c > 0,  n_0 > 0 ise,
0 ≤ cg(n) ≤ f(n) } 

HalukAr
Daktilo Metni
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Daktilo Metni
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(2-simgelemi (alt simirlar)

\
Y

O-simgelemi bir tist-sinir simgelemidir.
f(n) en az O(n?)'dir demenin bir anlami yoktur.

/Q(g(n)) — {f(lfl) . tim n > n_0 degerlerinde

c>0, n0>0ise,

0 <cg(n) <f(n) }

Ornex:  Vn=Q(gn) (c=1,n,=16)
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server
Daktilo Metni

server
Daktilo Metni
tüm n ≥ n_0 değerlerinde
 c > 0,  n_0 > 0 ise,
0 ≤ cg(n) ≤ f(n) } 

server
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni


~ ot O-simgelemi (siki sinirlar)

O(g(n)) = O(g(n)) N €(g(n)) l
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®-simgelemi (s1ki sinirlar)

O(g(n)) = O(g(n)) N €(g(n)) l

ORNEK: %nz —2n=0(n")
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ey o-simgelemi ve m-simgelemi

O-simgelemi1 ve Q-simgelemi < ve > gibidir.
o-simgelemi ve w-simgelemi < ve > gibidir..

/O(g(lfl)) — { f(n) . timn=>n_0 degerlerinde,

c>0 sabiti icin n_0 sabiti varsa
0<f(n)< cg(n) }

OrNek:  2n2=o0(n®) (n,=2/c)
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server
Daktilo Metni
tüm n≥n_0    değerlerinde, 
c>0 sabiti için  n_0 sabiti varsa 
0≤ f(n)≤ cg(n) }


HalukAr
Daktilo Metni
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~* Oo-simgelemi ve ®-simgelemi

O-simgelemi1 ve Q-simgelemi < ve > gibidir.
o-simgelemi ve w-simgelemi < ve > gibidir.

/a)(g (n)) — {f(n) - timn>n_0 degerlerinde,

c > 0 sabiti icin n_0 sabiti varsa
0 <f(n) <cg(n)}

OrNek: i =aw(lgn) (ny= 1+1/c)
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tüm n ≥ n_0    değerlerinde, 
c > 0 sabiti için n_0 sabiti varsa 
0 ≤ f(n) ≤ cg(n) }
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ALGORITHM
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o Ylnelemelerln cozumu
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* Ders I' deki birlestirme siralamasi ¢coziimlemesi
bir yinelemeyi ¢dzmemizi gerektirmisti.

* Yinelemeler entegral, tiirev, v.s.
denklemlerinin ¢oziimlerine benzer.

o Baz1 numaralar 0grenin.

* Ders 3: Yinelemelerin "bol-ve-fethet"
algoritmalarina uygulanmasi.
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~ &% Yerine koyma metodu (yontemi)

TRy

En genel yontem:

1. Cozimin seklin1 tahmin edin.
2. Timevarim 1le dogrulayin.

3. Sabitler1 ¢cozin.
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<" Yerine koyma metodu (yontemi)

En genel yontem:
1. Cozimin seklin1 tahmin edin.
2. Timevarim 1le dogrulayin.
3. Sabitler1 ¢cozin.

ORNEK: T(n)=4T(n/2) +n
o[ 7(1) = O(1) oldugunu varsayin.]
* O(n?)"i tahmin edin. (O ve () ayr1 ayr1 kanitlayin.)
s icin 7(k) < ¢k’ oldugunu varsayin.
* T(n) < cn’'i timevarimla kanitlayin.
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"=+ Yerine koyma drnegi

I'(n)=4T(n/2)+n
<dc(n/2)3+n
=(c/2)n3 +n
=cn’ —((¢/2)n3 —n) — istenen —kalan
< cn’ — istenen
ne zaman ki (¢/2)n° —n > 0, 6rnegin,

egerc=>2ven=> 1.
kalan
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= Ornek (devam)

* Baslangic¢ kosullarini da ele almali,
yani, timevarimi taban siklarina (base cases)
dayandirmaliyiz.

*Taban: T(n) = O(1) tum »n < n,1¢1n, ki n,
uygun bir sabittir.

] <n<n,ig¢in, elimizde “O(1)” < cn’, olur;
yeterince buyik bir ¢ deger1 secersek.
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=y Ornek (devam)

* Baslangic¢ kosullarini da ele almali,
yani, timevarimi taban siklarina (base cases)
dayandirmaliyiz.

* Taban: T(n) = O(1) tum n < n,1¢1n, k1 »,
uygun bir sabittir.

* | <n<n,,igin, elimizde “O(1)” < cn’, olur;
yeterince biuiyik bir ¢ deger1 secersek.

Bu, siki bir sinir degildir !
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~* Daha siki bir ust sinir?

T(n) = O(n?) oldugunu kanitlayacagiz.
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= &+ Daha siki bir ust sinir?

T(n) = O(n?) oldugunu kanitlayacagiz.
Varsayin ki 7(k) < ck?, k< n ig¢in olsun :
I'(n)=4T(n/2)+n
<4c(n/ 2)2 +n
2

=Cn —+n

= O(nz)
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= 4~ Daha siki bir ust sinir?

T(n) = O(n?) oldugunu kanitlayacagiz.

Varsayin ki 7(k) < ck? ; k < n: i¢i
I'(n)=4T(n/2)+n
<4c(n/ 2)2 +n
2
=Ccn —+n
— %) Yanhig!1.H.(timevarim hipotezini) kanitlamaliyiz.
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= 4~ Daha siki bir ust sinir?

T(n) = O(n?) oldugunu kanitlayacagiz.

Varsayin ki 7(k) < ck? ; k < n: i¢i
I'(n)=4T(n/2)+n

<4c(n/ 2)2 +n

2

=cn” +n

— %) Yanhg! 1.H.(timevarim hipotezini) kanitlamaliyiz.

=cn? —(—n) [ 1stenen —kalan |

<cn? seceneksiz durum ¢ > 0. Kaybettik!
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Daha siki bir ust sinir!

q

TRV

FikiRr: Varsayim hipotezini gic¢lendirin.
* Dusiik-dluizeyli bir terimi ¢cikartin.

Varsayim hipotezi:  T(k) < c k* — ¢,k ; k< n igin.
(Inductive hypothesis)
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< Daha siki bir ust sinir!

FIKIR:Varsaylm hipotezini giiclendirin.

* Dusiik-dluizeyli bir terimi ¢cikartin.

Varsayim hipotezi: T(k) < ¢, k* — ¢,k ; k < n igin.

I(n) =4T(n/2) +n

=4(c,(n/2)*> — c,(n/2)) + n
=cn*—2c,n+n
=cn*—c,n—(c,n —n)
<cn?—conegerc, > 1.
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=+~ Daha siki bir ust sinir!

Fikir:Varsayim hipotezini guclendirin.
* Dusiik-dluizeyli bir terimi ¢cikartin.
Varsayim hipotezi: T(k) < ¢ k* — ¢,k ; k < n igin.
I(n) =41T(n/2) + n

=4(c,(n/2)*> — c,(n/2)) + n
=cn*—2c,n+n
=cn*—c,n—(c,n —n)
<cn?—conegerc, > 1.

"1 baglangi¢ kosullarini karsilayacak kadar biiyiik se¢in.
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ALGORITHNM

v— Ozylneleme agaclt metodu

N
TRV

o Ozyineleme—agam, bir algoritmadaki 6zyineleme
uygulamasinin maliyetini (zamani) modeller.

» Ozyineleme-agaci metodu, elipsleri (...) kullanan
diger yontemler gibi, giivenilir olmayabilir.

» Ote yandan dzyineleme-agaci metodu "6ngorii"
olgusunu gelistirir.

» Ozyineleme-agaci metodu "yerine koyma metodu"
i¢in gerekli tahminlerinde yararhidir .
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o+ Ozyineleme-agaci ornegi

. ~
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T(n)= T(n/4) + T(n/2) + n*: ¢6ziin
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“ " Ozyineleme-agaci ornegi

T(n)= T(n/4) + T(n/2) + n’: ¢ozin
I(n)
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=~ &~ Ozyineleme-agaci ornegi
T(n)= T(n/4) + T(n/2) + n’: ¢ozin

2
" ’ ™~
T(n/4) T(n/2)
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_— Ozyineleme-agaci ornegi
T(n) = T(n/4) + T(n/2) + n?: ¢oziin

12
T
(n/4)? (n/2)?
VAN VAN
I(n/16) T(n/8) T(n/8)  T(n/4)
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wnt| Ozyineleme-agaci ornegi

T(n) = T(n/4) + T(n2) + n*:
" ’ T~
(n/4)? (n/2)?
VAN 7\
(n/16)>  (n/8)*  (n/8)*  (n/4)?
®(/ 1)
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wnt| Ozyineleme-agaci ornegi

.T (n) = T(n/4) + T(n2) + n*:

(n/4)? (n/2)?
/7 \ VRN
(n/16)?  (n/8)?  (n/8)*  (n/4)?

®(/1)
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~ &+ Ozyineleme-agaci ornegi

T(n)=T(n/4) + T(n2) + n*:

(n/4)? (1) 2)% e =~ pn2
7N 7\

/162 (/8?2  (n/8)?:  (n/4)?

®(/1)
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~ &* Ozyineleme-agaci ornegi

.T(n) = T(n/4) + T(n?2) + n*:

N2 )
/ \

(n/4)? (1) 2)% e 156 n2
d 7 25
(n/16)*  (n/8)*  (n/8)? (WA - S 1

/

®(/1)
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—_— Ozyineleme-agaci ornegi

.T (n) = T(n/4) + T(n/2) + n*:

nz —————————————— : n2
(n/4)2 """"""""""""" 16 n2
VN 7\ 75
(n/16)*>  (n/8)*>  (n/8?*  (n/4)? — 256 n?
/
/

o) Total =n2(1+156+(156)2 +(156)3 +)
= @(n2) Geometrik seri i
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MS

Ana Metod (The Master Method)

_Q

Ana method asagida belirtilen yapidaki
yinelemelere uygulanir:

I(n) = aT(n/b) + f(n),

buradaa > 1,5 > 1, ve / asimptotik olarak
pozitiftir.
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~| U¢ yaygin uygulama

f(n)'1 n'°2r?ile karsilastirin:
1. f(n)= O(n'"er*=¢) ¢ >0 sabiti durumunda

* f(n) polinomsal olarak 7'°¢»“
gore daha yavas biiyiir (1° fakt6rii oraninda).

Cozim: T(n) = O(n'oer?)
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I"Jg yaygin uygulama

f(n)'1 n'°2v? ile karsilastirin:
1. f(n)= O(n'"er=¢) ¢ >0 sabiti durumunda;

e /(n) polinomsal olarak '°2
gore daha yavas buytr(»* faktorti oraninda).

Coziim: T(n) = O(n'o2r?)
2. f(n)=0O(n"°e*1g"n) k> 0 sabiti durumunda;
* f(n) ve n'°2v* benzer oranlarda biiyiirler.

Cb’zﬁm: T(n) - @(nlogba lgkﬂn) .
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I"Jg: yaygin uygulama

f(n)'1 n'oev? 1le karsilastirin:

3. f(n)=Q(n'ee" =) ¢> 0 sabiti durumunda;

* f(n) polinomsal olarak »'°¢ 'ye g6re daha
hizl1 buyur ( »° faktort oraninda),

ve f(n), diizenlilik kosulunu af(n/b) < cf(n)
durumunda, ¢ < | olmak kaydiyla karsilar.

Coziim: T(n)=0(f(n)) .

September 12, 2005 Copyright © 2001-5 Erik D. Demaine and Charles E. Leiserson L2.45



Ornekler

Ornek. 7(n)=4T(n/2)+n
a=4,b=2= nl°t?=p? f(n)=n.
Durum 1: /(n) = O(n* ?) &= 1 i¢in.
- T(n) = O(n?).
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Or. T(n)=4T(n/2)+n
a=4,b=2 = n'°t¢=p? f(n)=n.
Durum 1: f/(n) = O(n* ¢) €= 1 i¢in.
- T(n) = O(n?).

Or. T(n) =4T(n/2) + n?
a=4,b=2= nl°e?=p?; f(n) = n
Durum 2: /(n) = O(n’lg’n), yani, k = 0.
5. T(n) = O(n’lgn).
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Ornekler

Or. T(n)=4T(n/2) + n?
a=4,b=2= nloti=p?; f(n)=n’.
DURUM 3: f(n) = Q(n”* %) e= ligin
ve 4(n/2)° < cn’ (diz. kos.) ¢ =1/2 i¢in.
- T(n) = O(n?).
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" & Ornekler

Or. T(n)=4T(n/2) + n?
a=4,b=2= nloti=p?; f(n)=n’.
DURUM 3: f(n) =Q(n”"¢) e=11i¢in
ve 4(n/2)° < cn’ (diz. kos.) ¢ = 1/2 i¢in
5. T(n) = O(n°).

Or. T(n)=4T(n/2) + n*lgn
a=4,b=2 = nlogd=p?; f(n) = n?/lgn.
Ana metod gecerli degil. Ozellikle,
¢ > () olan sabitler 1¢in #* = w(lgn) elde edilir.
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Yineleme agacui:
fin)
A

f(n/b) f(n/b) -+ f(n/b)
/\/\_)\
f(n/b?) f(n/b*) --- f(n/b?)
/

)
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=+ Master teoremdeki dusunce

f(n/b) f(n/b) --- f(n/b)— af(n/b)

/\/\_)\
F(/BY) f(n/B?) -+ f(n/B?) - a’f(n/b?)
/

(1)
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f(n/b) f(n/b) --- f(n/b)— af(n/b)

h =logyn / \/‘)\
F(/BY) f(n/B?) -+ f(n/B?) - a’f(n/b?)
/

(1)

\4
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HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni
( Özyineleme Ağacı )

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni


" &+ Master teoremdeki dusiunce

Recursion tree: (Ozyineleme Agaci)

i F A — J(n)

f(n/b) f(n/b) --- f(n/b)— af(n/b)

h =logyn / \/\_)\Cl
F(/BY) f(n/B?) -+ f(n/B?) - a’f(n/b?)
/

. -
: #leaves = a”
/
— ~logpn
yaprak sayis1 = (7'°8b o
____________________________________ gha
| 7() e | )
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HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni
yaprak sayısı

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni
( Özyineleme Ağacı )

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni


" &+ Master teoremdeki dusiunce

| N f(n)

h =logyn / \/\_)\
F(/BY) f(n/B?) -+ f(n/B?) - a’f(n/b?)

/
o

DURUM 1: Agirlik (weight) kokten yapraklara
dogru geometrik olarak artar.Yapraklar toplam

T( 1 ) ' agirligin sabit bir oranini tasir. "'nlogb “ T ( 1 )

\4

@(nlogba)
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TUBA
Daktilo Metni

TUBA
Daktilo Metni

TUBA
Daktilo Metni
                     Ağırlık (weight) kökten yapraklara 
doğru geometrik olarak artar.Yapraklar toplam 
ağırlığın sabit bir oranını taşır.

TUBA
Daktilo Metni

TUBA
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni
DURUM 1:

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni


"~ Master teoremdeki dusunce

* R — f(n)

f(n/b) f(n/b) --- f(n/b)— af(n/b)

h =logyn / \/\_)\Cl
F(/BY) f(n/B?) -+ f(n/B?) - a’f(n/b?)
/

4 DURUM 2: (k=0)Agirlik her log b n
diizeyinde yaklasik olarak aynidir.

_________ nlogba T( 1 )
O(n'°er%g n)
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TUBA
Daktilo Metni
                             Ağırlık her 
düzeyinde yaklaşık olarak aynıdır.

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni
DURUM 2:   (k=0)

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni
log_b  n

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni


" ~+| Master teoremdeki dusunce

i f(n) J(n)

f(n/b) f(n/b) --- f(n/b)— af(n/b)

h =logyn / \/\_)\Cl
F(/BY) f(n/B?) -+ f(n/B?) - a’f(n/b?)
/

e

DURUM 3: Agirlik kokten yapraklara
dogru geometrik olarak azalir. Kok toplam

/
A ( 1 ) - agirligin sabit bir oranini tasir. nlogba T ( 1 )

\4

O(f(n))
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HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

TUBA
Daktilo Metni

TUBA
Daktilo Metni
                       Ağırlık kökten yapraklara 
doğru geometrik olarak azalır. Kök toplam 
ağırlığın sabit bir oranını taşır.

HalukAr
Daktilo Metni
DURUM 3:

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni

HalukAr
Daktilo Metni


1:‘ Appendix/EK: Geometrik seriler

ALG

Y
\ -

Y

1 n+l
2 n — X .« e
l+x+x"+--+x = ;X # 1 1¢In
l1—x
2 1 ..
l+x+x +---:1 ; x| <1 1¢In
— X

September 12, 2005 Copyright © 2001-5 Erik D. Demaine and Charles E. Leiserson L2.57



	Introduction to Algorithms6.046J/18.401J
	Asymptotic notation
	Asymptotic notation
	Asymptotic notation
	Asymptotic notation
	Set definition of O-notation
	Set definition of O-notation
	Set definition of O-notation
	Macro substitution
	Macro substitution
	Macro substitution
	-notation (lower bounds)
	-notation (lower bounds)
	-notation (lower bounds)
	-notation (tight bounds)
	-notation (tight bounds)
	o-notation and -notation
	o-notation and -notation
	Solving recurrences
	Substitution method
	Substitution method
	Example of substitution
	Example (continued)
	Example (continued)
	A tighter upper bound?
	A tighter upper bound?
	A tighter upper bound?
	A tighter upper bound?
	A tighter upper bound!
	A tighter upper bound!
	A tighter upper bound!
	Recursion-tree method
	Example of recursion tree
	Example of recursion tree
	Example of recursion tree
	Example of recursion tree
	Example of recursion tree
	Example of recursion tree
	Example of recursion tree
	Example of recursion tree
	Example of recursion tree
	The master method
	Three common cases
	Three common cases
	Three common cases (cont.)
	Examples
	Examples
	Examples
	Examples
	Idea of master theorem
	Idea of master theorem
	Idea of master theorem
	Idea of master theorem
	Idea of master theorem
	Idea of master theorem
	Idea of master theorem
	Appendix: geometric series


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




