gooo

gboboobooooboobooooboooooboooo
obooobooooboon
obooooobcoboooobooo

[Al] 0000000000

[A2] fO0 e XOODODOOg0O f@)eYOOOODODOOOOOOODO gofOe0000

[A3] 000 I=[e,b)000 00000000000 f0000

[A4 00000000000

[A5] 0000000

[A6) 000 I=[e,b)000000000 {f(z)|zl}00000

[A77 001000000000 f000 f(I)={f(z)|zcl}0000

[A8) 00 I0000D000D000000 f00000 f()={f(z)|z€l}00000000000000000

[A9) DO0O /0000000000 IO00OOOOoOooo

googbooobooobooon

e 00000O0OODOD
00000000 XO0O000f(s)> f(2) (xeX)000 seX00O0000f0 XO0O000O (maximum)
0000000s0 XO0O0OOOOO (maximum point) J000000 f(¢) < f(z)000 te X OO0
000f0 X0000 (minimm) 0000000¢0 X0000000O (minimum point) 0000000

e 100D
O00I00abelD0O00O00 fOe<bOOOOODOOOODOOOODOOOODO

— a<b0000 f(a) <

(a) b)) 00000000 (increasing)
— a<b0000 f(a)

(a)

(

(
< f(
— a<b0000 f(a) > f(

f(b) (
fO)00O0OO0DO (strictly increasing)
fO)0D0D0OD0000O (decreasing)

f (

— a<b0000 f(a)> f()DOOODODOO (strictly decreasing)

O00 monotonically 000D O0O00D0OO0O0O00000O0DODODOOO0O0DOOOOOODOOOOODODO
O (monotone)J 000000000000 0UOOOODODO (strictly monotone) 000000000000
gogoobbboooooon

000000 <« 000000 non-decreasing)
ooooobd <« OdO0O0oo0

obooooOoboobooboobon

e O
000 fO00000 XUO0OUeeXOOOUOOOOODOOOUOOOUOe>0000006(e)>00000
|t —a| <d(e) (x€X)D0D0O0O |f(z)— fla)|<eDDOOODOO0DO fO «000 (continuous) DO OO
000 (D000000000)0e00000O000O0O «0000O (discontinuous) 00000000000



U0 0000000000 O0DOOO0OO0OOOCODOO0OO0ODbOe00DOOOOODOODOOO eOOOOO
goono
goooooon

[f(x) = fla)] <€ (Jz—al <9)

oooooooogooo
0000000 fO«.O0O0O0O0O0DOOOODOOOODOODOOO0IMODOO

lim f(z) = f(a)

r—a

0000000 f000000000000f00000 (continuous function) 0000000
000000000000 )ima;=e00000 {2} (z; € X)0O000 lim{f(z;)}=f(a) 000000
71— 00

—00

f0«0000000000DO0O0COOODODODOOOOODODODOOOOD
DDDDDDDDDDDDDDJE&]‘(&C)Z]‘(@DDDDD (continuous on the right)Jz — a— 0000
O (continuous on the left) 00000 OO0

00000 f(z)=2°000000 «00000000000D000|2?2-e? 00000000

2

|2* — a®| = |z + alle — a] < (Jz] + |al)|z — af

O000Olz—a|<100000000000000O0O

lz] —la| < |z —al <1 = |z|<|a|+1

0000000z—a/ <1000

2% — a?| < (o[ + |a])|z — a| < (2|a] + )|z — al

O0000008=¢/(2al+1)<10000

|22 —a?| < 2la| + |z —a|=€¢ (Jz—a| <

€
ﬂﬂ+1_®

¢/la|+1)>10000006=100000e>2/a|+1000
lz2 —a?| < (2la| + )|z —a| < 2la|+1<e (Jx—a| <1=0)
00006 =min{e/(2al +1),1} 0000
|22 —a?| <e (Jz—al <)

0000220 «000000000



e 1OODOOO
0000 [e,b)|000000 f(2)D00000000000000O0O0ODO0O0O0O0O0O0O0O00 21,29,...,%,
oboooboooooboboooboobooooboobo

flzi+)= lim f(x), f(z;(—)= lm f(z) (=1,2,...,n)

r—x;+ T—T; —
O00000000000D0000000 (piecewise continuous) D 000000

e 000D
0000 e>00000068() >00000z—a|<d(e) (z,a e X)00000 |f(z)—f(y) <eOOD
00000000 (uniformly continuous) 1000 000000000000000000000000
00000000000000000600000000000000X0000 2000000460
0000000000000MO000000460¢00000«0000000000000000 (0
00000000 e0e00000 8(,) 000000000000 00000 6(e))D
0D0000z=e¢0000000000002z=b00000000000000000000000000
00000|f(z)— f(a)|00 |z—a/D0|f(z)— f(b)|00 |- 000000000000000000
0000000060 000000000000 00000D00000000000000000000
00000000000000000000
000000000000 20000 fz)=2z0000000

[f(x) = fa)| = |z —af <e

000D0§=e00000000000
0000000D00000f0 X0OOOOO0O0O0f0 XO0000O000O000X00000 X0000
0000000000000 2>00000001/e000000 f(z)=1/20 lim f(2) = f(a) 000
00)00@MO0000000000000000z—a|<60060 68,000 «e000000000
0000000000000
0[A9)000000000000000000000000000000000000000000000
00000020 +60000000 (000 «0000)0f(z)0 fa)£e000000000000
000000000 eeX060000 20000 e+6000000000f(2)0 fla)e000000
0000D000000000000000000000000000X0000 2,¢0000 jz—a|<3§
0 |f(z)— fla)) < e 000 §0000000000000000000000000000000 6§00
OO0z —a| <60 |f(z)— f(a)] > €000 2,6, 00000000000000000000600000
000000000000000000000000000000000

gboooboooobooboog

A1l 0000000000
000000000 f,g,h0 «0000000c0000A(a)#00000f+¢0cf0fg0f/h0 0000

00000 IlimDOOOOO0ODOCOO0ODO f,g0O00D00OO

lim f(z) = f(a) , lim g(z) = g(a)

T—ra T—a

oooono



lim (£ + g)(x) = lim (f(2) + g(x)) = lim f(z) + lim g(z) = f(a) + g(a) = (£ +g)(a)
000000f+¢0e000000
OcfOODOOO

lim (cf(2)) = ¢ lim f(z) = cf(a)
000000e0000O0
0 fg0ODOO0OO0ODODODOOO

lim (£g)(x) = lim (f(x)g(x)) = lim f(z) lim g(x) = F(@)g(a) = (fg)(a)
000000 fg0 eOOODOODO
agood

lim(i)(x) _ limy o f(x) _ fla) _  f

z—a h lim, ,q h(z)  h(a) h

000000 f/h0 e000000O
Uc000000O0O0O0O0OO0OOCODOODOOOODODO

[A2] XODOOOOO f0YOO0OO0000 ¢gO00000f(X)cYOOOOf0eecXO0O0000g0O f(a)eY
0000000000000 gofO0e0000

000000 (go f)(z) =g¢(f(x)) 000¢0 f(e)000O0000yeyY OO0

lg(y) —g(f(a))| <er  (ly— fla)| < d1)

f0«00000002xeXOO0O

|f(x) = fla)] <ea (lz —a|] <d2)

f(X)cyDODOOy=f(z)eY OO

[f(@) = fla)l = ly = fla)| <br (Jx—a| <b2)

000000z —al <80 |ly—fla)| <6, 00000

lg(f(2)) —g(f(a))] < e (Jz—a| <d2)

O000gof0e00O0OO0OODODODOO



[A3]

000 I=[eb 000 fOOO0OOOOOOODOfOOOO

O f0000/00000000000DO0DO0ODO0OOfOOOODOODOODOOOOs>00000 |f(s)]>s
U000 sel/0000000O0O0sOO00O0O0O0O0ODOO

[flx)]>1, |f(z2)]>2, ..., |f(zn)|>n, ... (21,22,...€1])

000000000000 {z,}00000 (00 |f(s)/]<s00n0s000000000000000)0
{z,})000000000000000,| <% 000z 00000000000000{z,}000000
000000000000 000000000000000000000000000000000000
000 {zn,} (m <ny<---)00000{z,}0000000 |f(z,)|>s000

0y <200000 {y},{z}0 c,0000000¢<¢00000000000000000000
a<w, <b000O b ={bbb,..}0000000000xz, <bOODODODODOODDO a ={a,a,a,...}0
000 a; <, 000000000{z,,}0 000000000 e<¢<b0000000000c0T
0oooo

000 f0I0000000cel00

lim {f(zn,)} = f(c)

000 {f(z,,)} 0 f(¢) 0000000000000 O0{f(z,,)}00000(000000000)0000
f0000000000000000000000f0 /0000000 f07000000000000

0000000000 (maximum-minimum theorem)
000 I=[eb000 fO000000000O0OOfO0I0000000O0O0OOOO0O0

00000000zel0000 f(a) < f(z) < fle) 000 ¢1,6,€ I (0000000)000000O0
0oo

0000100 f00 fI)={f(z)| €} 0000000000 u=supf()0000 [ =inff(I)00
0O00I00000-,00000000

oooooofO0000O0O0O0®,eIO

O00oooouoooooood {z,} O

1 1
u—I<f(x1)§u, u—§<f(a:2)§u,

00000000/0000000 {z,)}000000000000000000000000000000
00000000 {z,,}00000{z,} 0000000

1
u_*<f(xnl)§u
n;



00{l/n;}0i—ocod0000000000O0OO0ODOOOOOOOO

lim {f(zn;)} = u

—00

0000{z,,}0000 0 I0000f0 0000000000 000000000

lim f(zn,) = f(c1)

i—00
0000000 10000000 f(g)=v0000000f(z) < f(c;)000 ¢ 00000¢, 0700
00 0000000000
0000000000000l =inff(z)000000000

LS Sn) <1+~ (meD)

000ooooo {y,})0000000000O0 {y,,}000000OO0OOOOOOO

hm {f(yn,)} =1

1—00

0000bO0o00 000

Jim {f(ya,)} = ()

0000 f(e2) < f(x)000 00000010000 fO00O0O0ODOOOO

000000 (intermediate value theorem)
000 I=[eb 000000000 fO f(a) # f()) 0000000 f(e)0 f(b)00000 0000
00f(c)=a000 ce 000000

O f(e)O f(O)O0000 a00f(a)<a< f()OODOOO fb)<a< fle)DOOO0O0OOf(a) <a< f(b)
0000000000000 g(z)=f(z) —a00000g(e) <0< g(b)00000a000000 g0 I
000000000000 f(b) <a< fla)000g(z)=—f(z)+a0000 g(b)>0>g(e) 000000
gooobbobobooogo

00000000Og(e)=0000 ¢c0000000000000O0OOg(z)<0000 0000 A={x¢€
Ilg(x)<0}00000I0000000 ADUDOODOOOUO s(s<bh)0U0D0U0DO0O0OUODOOae AD
OO0 sel0OODO

000 sO0000 ADOO {=,}00n00000000

1
s—=<z,<s (z, €A
n

obooooObooooodgbO 1000000

lim {g(zn)} = g(s)

n—roo



g(z,) <0000O0O¢g0 selI000000O0O0O0O0O0O sO00OO0OO0O0OOOOOOODOOOO g(s)<00O
goono

0000000000 [s,00000000000O0000O0 sODDO0O0O000O0 y,=s+1/n0000
00bOOO0DOO000000s+1/n0b0000000 y,=b0000 (y, = min{s +1/n,b})0s 0
A={zellg(x)<0}0000

1
§<S+ —=1yn
n

0000000y, =b00000g(k)>0000000y,0 ADDOOOOOOOOg(y,)>00000
00O0{y,}0 s00000[s,b]0 I00000 g0 [s,6)0000000000

Tim {g(ya)} = g(s) = 0

00000 g(s)<00000000yg(s)=0000000000g¢g(a)#g(b)0 gla)<0<gb) OO0 s#a,b
0000a<s<bO0O0O0000000000g¢0 fO00000f(a)<a<f(b)0000f(s)=a000
sel0000000O0o0oDoog

00000000O0y¢g(zx)=0000 200000000000000000O00O0
000000000000 [=[e,b000000000000000000% =a,b]=[a,b]00000
ooooboooboooboboooooog

a1 +b
p1—72
000g¢(p) =000 c=p, 000000000000000000000000 g(p1)<0000g(c) =0
gooooooooo g(p1>DDDDDDDDDDDDDDDDDDDDDDp1DDDDDDDDDDDD
oooo

Iy = [p1,b1] = [az, b2]  (g(az) <0 < g(b2))

0000LO000000 LCcLOUOOO0OODOO0OOO0OO0OOyg(p;)>0000000¢9(pp) 00000000
ooooo

I3 = lax,p1] = [ah, b5]  (g(ay) <0 < g(b))

0000 cL,O000000000000LO00000000000000000000000000¢
000000 L 0000000000000000000O00g(p;) 00000000 L0000 00
po00000g(p,) =0000000 g(p,) 00000000 L0 40000000000000000
0000000000 g()=0000¢0000000000000000

0LDLI,>--- 000000000000 I =[a,b] 0000000000k000000 g(pk) =0
0O0ooooo



glars1) <0 < g(bry1)

_ag + by
Pr = g
g(px) >0 Ixp1 = [ag, pr) = [ags1, brs]

9(pr) <0: Ipp1 = [Pr,br] = [ars1, bry1]
000,000 lh=b-a00L00000000000000000

—a b—a b—a
= l3=— = -+ = lk:zk—l

li=b—a = Iy = 2

000000 ag, by O

b _
lim {b, — ap} = lim =~ =0
k—o0

k—o0 2k_1

ooooobooooooobo L >Lo>---0000000000C000 10000000000000

lim {ax} = lim {bx} =¢
k—o0 k—o0

cOI0000000g¢gO IDDOOOODO

Jim {g(ar)} = 9(c) <0 (g(ax) <0)

Jim {g(be)} = g(c) 20 (g(bx) > 0)

O000Og(e)=0000000
000000000000 0000000000 g(e)=0000 ¢cO00OO0OO0OO0OOOOUOOOOODOO
glx)=00000000000

[A6) 000 I=[e,b) 000000000 {f(z)|zl}00000000

00000000000000000f()={f(z)xcl}0001000«000000
00000000000000f(a) < f(z) < fle) 000 1,60 € I00000 f(e;) 000 10 f(cg) O
00 w000LwD0000 [, ([f(e),f(b))00000000)000000000f()0 [Lu00000
f)C[,w|00000D0000000000000000000000000000000 (000000
00000000000 fJ)000000000000)0

0!0«w000000000 «00000000000000 f()=a000¢07000000000
(w000 ae fI)0D000[LY] C f)000D000000000fF)C L], f(I)D Ly 00 f(I)
0[,w0000000fJ)0000000000

A7 00 I000000000 f000 f()={f(z)|xel}0000000



[AS]

0 fa)=a, f(b)=000a<B00000000000000y=f(c)(a<y<B)000cO IO
000040 f(J)0DOO00e,A0 f(J)OOOODODO[e,4)C f)0000000f()020000000
a<pBO[e,flCcfI)00000DDO00fJ)00000 (00DD00 [A1]OD)D

00 /0000000000000 fOO0D000 f)={f(z)|]zel}0000000O0OODOOOOODOO

0 f000000000000f()0 [A7]00000000000 JOOO0OO0/0000000000
000000000000000 00000000000 JO0000 f0000¢0000000
0000000000000000000y; = f(z1), y2 = f(22) (w,22 € I, y1,y0 € J) OO OO0
y <y 000000000000 2 <2,00000000000000g(y)=21,9(y2)=z00

g(y1) < g(y2) (1 <y2)

O000g¢g0O JOOOODOODOOOO
gubooooboooOobooobooboobobooooboobooooboobooboobooooboOobooonoa
UcOO0O0OO0g¢gOO0OOD0OODOOODOO

lim g(y) < lim g(y)

y—c— y—rc+
00000200000000000 2,00002.0¢(yy 000000000000 (OOOODOOOO

O000000)dy(y) eI0000000 2,0 I0000000000O00O00O0OOyg(y)=200000
ooodbDez. O00OO

T <z, <Ty & ylgglﬁg(y) <z < ygr?+g(y) (x_,zp €1

U000z, 0170000000 z_ U, 0000000000DO0O0O0OOOOODOOOODOODODOO
/000000000 0oooO00ooouobobgOoooOOO

O0o0o/ogoooooooboIoobooooooo

000 fOo00O0J/00D0OO00O0DOOO0OOOOOOO0ODOOOODOOOOdS>000D00

|z —al <6, |f(x) = fla)| = €

000 2,e€l00000000 7000 {z,},{a,} 0000

o = anl < - fln) — flan)] 2 ¢ (1)

00000000000000 {z,})000000000000000{«,}0000 {z,}0 700000
0000 (0000000000000000000)0{z,,}0c000000000{e,}0000 {an,}
00 (1)000

1
|a’nk _Cl = |a’nk = Ty, +x’ﬂk —C| < |a’nk _‘/L.nk|+‘xnk —C| < n7k+|wnk —C



ny,—oo00000000000{a,,}0c0000000

0000000000000000000 f0000000000{f(zn,)}{f(an)}0 flc)000OO
0000000000 (1)00000000000 /0 f00000000000f0 000000000

oooofbOc0OO00O0O0DOOO IO fOOO0ODODOOO00cO IODOODOOODOOfOIOOODO
I0 fO00D00CO00O0ODOODO
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