' CHAPTER 5
THE GREATEST COMMMON DI VI SORj

I This chapter begins by introducing the notion of the comon
divisors (dnmn of two finite nunbers n and m It is shown in

t he case when one of these nunbers is non-zero, that the divisors
have finite (and non-enty) intersection with the natural nunbers
(P27), and so the pre-supposition for a greatest natural nunber
avails. This is defined (P28) to be the greatest conmon divi sor

(n A m.

The introduction of the greatest common divisor or gcd begins
to take us away fromelenentary arithnetic and into the domain of
nunber theory. Anmong the inportant propositions are:

P31: The gcd is a comon di vi sor

P36- P37: The gcd of two nunbers divides all their |inear
conbi nati ons

P41: The gcd is greater (or equal to) any comon divi sor

P42: The gcd is symmetric, i.e. when defined, (n A n =

(mA n)

P49- P50: The gcd of a natural nunmber and 1 is 1.

P51: The gcd of two nunbers, the first of which is non-zero,
can al ways be expressed as a difference of nultiples of the
nunbers (the multiple of the non-zero nunber not being the one
subtracted).

P53: If a nunber divides two nunbers, then it divides their gcd
(if defined)

P55: Euclid s Lema

P56: Lemma for the Euclidean Al gorithm i
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S (nAm,kl &<k,(nAmM] O (nam =k

113 ()E 12)

(nAm =k N

Kln &klm&<((nAm,kl O (nAm =Kk
!

14 (OE 11, 13)

15 (O1: 2, 14)

( kln &klm&<(nAm,kg O (nAmM =k)

16 (()1: 15)

OnOnik ( k|n & kfm&<((nAm,kl O (nAm =k)

!
I
| 44,
F OnOnidk ( k|n & klm& (nA M|k O (nAmMm
n, mKk !
Kln & k| m& (n A M|k !

k| n & k| m !

17 (O1: 1, 16)

1 (Prem
2 (Prem

3 (& 2)



K| n I 4 (&E: 2) i

k| m I 5 (& 2) i

(n A M|k 1 6 (& 2) i

I Lines 7 through 10 are necessary for the application of DP o
line 11. i

X ((nAmM xx) =Kk 1 7 (8E C1.1,5) |
((nAmM xx) =Kk 18 ([E 7) i
W (nAmM] & wx] 1 9 (TE V7.9,8)
W (n A nj 110 (& 9) i
Wn & wnm &(-n=00-m=0) ! 11 (DP: P28,10) |
(-n=00-m=0) 112 (&E 11) i

I To show. - k = 0. Proceed by contradiction. i

k =0 , 1 13 (Prem i
Ol n 1 14 (=E 4,13) i
(0nOn=0) , 115 (OE C1.12)
Oln O n=0 ,!1 16 (()E 15) i
n =20 117 (OE 14,16)
(- n=00-m=0) &n =20 18 (& : 12,17) i
((=n=00-m=0) &n=00 - m=20)

,119 (OE 13.7) i
(- n=00-m=0) &n =00 - m=20

1 20 (OE 19) i
~m=0 1 21 (OE 18,20)
O] m 1 22 (=E 5,13) i
(OmO m=20) 123 (OE C1.12)
O)mO m=0 124 (()E 23) i
m= 0 1 25 (OE 22,24)
F 126 (FI1: 21,25)
k=00 F 1027 (O1: 13,26)

-~k =0 128 (A 27) i



1
o

(nAm|lk & - K

1 29 (&: 6,28)

((nAmM|k &-k=00 <[(nAmnm,k )
,! 30 (LOE Cl1.47,
(n A m: P28, 11)
(nAmM|k &-k=00 <(nAnm,kl ,' 31 ()E 30)
< (n A M, K 132 (OE 29, 31)
kln & k| m& <[(n A m, K] ,1 33 (&: 3,32

( kln &klm&<(nAm,kl O(nAM =k)

1 34 (OE: P43)
kKln & k|lm&<[(nAmM,kl] O (nAmnm =Kk
135 (()E 34)
(nAm =k 1 36 (OE 33, 35)

kKln &klm& (nAmM|k O (nAm =Kk

137 (O1: 2,36)

( kln &klm&(nAamM|kDO (nAm =k)
!

138 (O)1: 37)

OnOnidk ( kln & klm& (nA M|k O (nAnmM =k)
| 39 (OI: 1,38)

I
| 45,

FOnOm( nfm&-n=00 (nAm =n)

n, m -
nfmé&-n=20 2
n| m 13
- n=20 1 4
(nfmO wn &awm) 1 5
nfmO wn & wn 1 6
wn & o 7
W N ,!1 8
(wn O nln) 19

(Prem
(Prem
(&E: 2)
(&E: 2)
(OE Cl.2)
(OE 5)
(OE 3,6)
(& 7)

(OE: Cl.10)

wn O n|ln 110 (OE 9)



n| n 1 11 (OE 8,20)

nln &n|m 112 (& 3,11) i
- n=00-m=20 113 (d: 4) i
(_ln:OD_Im:O) ,|14(()|13) i
Wn &wm &(-n=00=-m=0) 115 (& 7, 14) i
( Wn &M &(-n=00-m=0) 0 (nAmM|n)

, 116 (OE P32) i
wn & wn & (-n=00-m=0) 0 (nAmnm|n

117 (()E 16) i
(nAm|n 1 18 (OE 15,17) |
nfn &nm& (n Amnm|n 119 (& 12,18)
(nfn&nm&(nAmM|nd (nAM =n)

, 1 20 (LOE P44) i

nfn&nm&(nAmM|nd (nAnm =n,! 21 (()E 20) i

(nAm =n 1 22 (OE 19,21) |
nfm&-n=00 (nAn =n 123 (01: 2,22)
(nNfm&-n=00 (nAmNM =n) 124 ()1 23) i

nOm( nNfm&-n=00 (nAmM =n) 1 25 (OI: 1,24)
0
I 46. i

F OnOm( nfm&-n=00 (mAn) =n) i

n, m 11 (Prem i
nfm&-n=20 , ! 2 (Prem i
(nfm&-n=00 (nAmM =n) .1 3 (OE P45) i
nNfmé&-n=00 (nAmM =n 4 (OE 3) i
(nAm =n 1 5 (OE 2,4) i
Wn & «mM &(-n=00-m= 0) 1 6 (DP. P28,5) |

(wn &M &(-n=00-m=0 0O (mMmAn =(nAm)
17 (OB P42) i



wn &wn &(-n=00-m=0) 0 (mAn) =(nAm

8 (OE 7)
(mAn) =(nAm ! 9 (OE 6,8)
(mAn) =n ! 10 (=E: 5,9)
nfm&-n=00 (mMAn) =n 111 (O1: 2,10)
(nfm&-n=00 (MAn) =n) 12 ()1 11)
OnOm( nfm&-n=00 (mAn) =n) 1 13 (O 1,12)
O
| 47,
FOn( wn &=-n=00 (nAO) =n)
n, m 11 (Prem
Wn &-n=0 12 (Prem
N 1 3 (& 2)
- n=0 | 4 (&E 2)
( wn O nl0) ! 5 (OE: Cl.11)
wn O n|o ! 6 (()E 5)
n| 0 1 7 (OE 3,6)
nNf0O &-n=0 1 8 (&: 4,7)
(nf0&-n=00 (nAO0O =n) ,1 9 (OE P45)
nf0O&-n=00 (nAO0) =n 110 (OE 9)
(nAO0) =n 1 11 (OE 8,10)
nfm&-n=00 (nAO0) =n 12 (O1: 2,11)
(nNfm&-n=00 (nAO0 =n) 113 ((O)1: 12)
On ( wn &-n=00 (nAO0) =n) I 14 (O 1,13)
O
| 48,
FOn( wn &-n=00 (0AN) =n)
n, m 11 (Prem

wn &-n=20 , 12 (Prem



(wn &-n=00 (nAO =n) , 1 3 (OE: P47)

@n &-n=00 (nAO0) =n 4 (O)E 3)
(nAO0) =n I 5 (0OE 2,4)
Wn & 0] & (-~ n=00-0 =0) 1 6 (DP: P28, 5)
( wn & w0 &(~-n=00-0=0) 0 (0An) =(nAQ0)
1 7 (OE: P42)
Wn & 0] & (- n=00-0=0) O (OAn) = (n A 0)
8 (OB T7)
(0An) =(nAO0) 1 9 (OE 6,8)
(0AnN) =n ! 10 (=E: 5,9)
@n &=-n=00 (0An) =n 111 (O1: 2,10)
(wn &-n=00 (0An) =n) 12 ()1 11)
On ( &fn] & ~n =00 (0An) =n) 1 13 (O 1,12)
O
I 49,
FOn( wn O (nAl =1)
n 11 (Prem
w{ n] 12 (Prem
( wn O 1/n) ! 3 (OE: Cl.14)
wn O 1]n 4 (OE 3)
1| n I 5 (0OE 2,4)
1In&=-1=0 16 (&: 1V9.6)
(1n&=-1=00 (nA1l) =1) 1 7 (OE: P46)
in&-1=00 (nA1l) =1 8 (O)E 7)
(hA1l) =1 1 9 (OE 6,8)
Wn O (nAl =1 110 (O1: 2,9)
(wn O (nAl)=1) 111 ()10 10)

On ((wn O (nA1) =1) 1 12 (O 1,11)



0
I 50. i

FOn( wn O (1LAN =1) i

n, m 11 (Prem i
W N ! 2 (Prem i
(wn O (nA1l =1) 1 3 (OE P49) i
wn O (nAl =1 14 (OB 3) i
(nA1) =1 1 5 (0OE 2, 4) i
wn & Wl &(-n=00-1=0) , I 6 (DP: P28,5) i
(0N &wl &(-n=00-1=0) 0 (1LAn) =(nA1l)

17 (OE P42) i

Wn & Wl &(-n=00-1=0) 0 (LAn) =(nA1l
8 (OB 7) i
(1 An) =(n A1l ,!1 9 (OE 6,8) i
(1Aan) =1 1 10 (=E: 5,9) i
Wn O (LAn =1 111 (O1: 2,10)
(onp O (1ANn =1) 12 (O 11) i
On ( wn O (1 An) =1) 13 (0O : 1,12) i

0

I 51. P51 is extrenely inportant, as Euclid s Lemma (P55) relies
on it. i

F OnOm( wn & om &-n=0
O c™ (n Am = ((cxn) - (dxm)) ) i

n, m , 11 (Prem i
wn & wn &-n=20 , 12 (Prem i
W[ N] 13 (& 2) i
W[ mM 14 (& 2) i
~n=0 15 (& 2) i
( wn O (1xn) = n) I 6 (OE V8. 14) i

wnl O (1xn) = n A7 ((O)E 6) i



(1xn) = n

(wm O (0xm

om O (0Oxm) =0

(0xm

=0

(wn O (n- 0

wn O (n- 0)

(n -0
n=n

n =

n

n

d n = ((1xn) -

(n -
((1xn)

n

0)

((1xn) -

_0)

o
N—r

(0xm) )

(

(cd n = ((cxn) -

I Two cases:

(m=00-m=0)

m=00-m=20

m=20

wn & - n

(wn & -

W n]

(n A0

(nAm

[(cd (n

& = n

A

5

o

n

n

m

dxm) )

(dxm) )

m=0or - m=20

OO0 (nAO) =n) , |

O (nAO) =n

((cxn) -

(dxm) )

m=0 0 [k (n A mM = ((cxn) -

- m=20

winl & wn

- n=00-m=20

(dxm) )
|

8 (OE 3,7)

9 (OE V8. 3)

10

11

12

13

14

15
16

17

18

19

20

21

22

23

24

25

26

27

28

, 1 30

31

32

33

(OE 9)
(OE 4,10)
(OE: V6. 25)
(OE 12)
(OE 3,13)

(=1)

(=E: 14, 15)

(=E: 8, 16)
(=E: 11, 17)
(O: 18)
(O: 19)

(OE: 13.4)
(OE 21)

(Prem
(&: 3,5)
(OE: P47)
(()E 25)
(OE 24, 26)
(=E: 23, 27)

(=E: 20, 28)

(or:

(Prem
(& :

23, 29)

3, 4)

(O: 31)



(= n=00-m=0) 134 (()I1: 33) i
wn & wnmM &(-n=00-m=0) ,! 35 (&: 32, 34) i

I W& introduce here a predicate T. It will be shown that (uT)

exists and equals (n A n). The definition of T then produces the
desi red concl usi on. i

Ox ( {a: [ a = ((cxn) - (dxm) & - a = 0}[X]
< [ x = ((cxn) - (dxm) & =~ x =0)
,!1 36 (Pred) i

Orox ( T(x] < [k x = ((cxn) - (dxm) & =~ x =0 )
, 1 37 (O: 36) i

Ox ( T[x] < [ x = ((cxn) - (dxm) & - x =0)
, ! 38 ([E 37) i

I To prove: = (wn T (0} i

( Tfn] = [k n ((cxn) - (dxm) & - n =0)

1 39 (OE 38) i
Tin] < efd n = ((cxn) - (dxm) & - n =0

140 (OE 39) i
ctd n = ((cxn) - (dxm)) & -~ n =0 ,! 41 (&: 5,20) |
ctd n = ((cxn) - (dxm)) & - n =0 O T[n]

1 42 (<E 40) i
TN 1 43 (OE 41,42) |
wn & T[n] 1 44 (&l 3,43)
(win] & T[n) 145 (()1: 44) i
X(GX] & T[X]) 1 46 (O: 45) i
( X(w{x] &T[(x]) O - (wnT =09)

1 47 (OE 115.26) j

X(W[X] & T(x]) O a(wonT =0 1 48 (()E 47) i

S (wnT =0 , 1 49 (OE 46,48) |

I Hence (uT), presently abbreviated as t, exists. i

(= (wnT =0

O of(uT)] & T(uT)] & Oy (wfy] & Tyl O <[(uT),y1) )
,! 50 (OE: C3.4) i

0d (- (onT =0



O oft] & Tt] & Oy (o{yl & T[y]l O <[t,y]) )
1 51 (O: 50;
(UT): C3.3, 49)

(~(0onT =9

O wit] & Tit] & Oy (wfy] & T{y] O <[t,y]) )
;! 52 ([E: 51)

S (wn T =0

0 wt] & T(t] & Oy (wy] & Tyl O <[t,y])
1 53 (()E: 52)

Wt] & T[t] & Oy (wlyl & Tyl O <[t,y])
1 54 (OE 49, 53)

wt] 1 55 (&E: 54)
Trt] ,! 56 (&E: 54)
Oy (w{yl & Try] O <[t,y]) 157 (& 54)
( T[t] - ed t = ((cxn) - (dxm) & -t =0)

! 58 (OE: 38)
Tit] - efd t = ((cxn) - (dxm) & =t =0

1 59 (()E: 58)
Tit] O et = ((cxn) - (dxm)) & =t =0

! 60 (=E 59)
(el t = ((cxn) - (dxm) & -t =0 ,! 61 (OE 56, 60)
[ctd t = ((cxn) - (dxm)) | 62 (& 61)
-t =0 ! 63 (& 61)
Wt] &=t =0 1 64 (&: 55,63)

I Qur objective is to prove (n A m =1t.

(tln &tlm&(nAmM|t O(nAm =1t)
1 65 (OE: P44)

tfln &tfm&(nAamM|t O (nAn

t
1 66 (()E 65)
| Hence it suffices to prove: t|n &t|m&(nAm|t.

I To prove: t]|n

Wn & Wft] & =t =0 1 67 (& 3,64)

( wn & wt] &=t =0



O i ( n=((gxt) +r) &<[r,t] ) )
1 68 (OE: V8. 66)

wn & wt] &-t =0
O b (no= ((gxt) +r) &<[r,t] )

1 69 (()E: 68)
M ( n o= ((gxt) +r) &<(r,t] ) ,! 70 (OE 67, 69)
O (n=((gxt) +r) &<[r,t]) 1 71 (CE: 70)
(n=((gxt) +r) &<[r,t] ) 172 (B 71)
n = ((gxt) +r) & <[r,t] 173 (OE 72)
n=((gxt) +r) I 74 (& 73)
<[r,t] I 75 (&E: 73)

™t = ((cxn) - (dxm) & - m=0 ,! 76 (&: 20,31)

( k™t = ((cxn) - (dxm)) & - m=0
O k™t = ((cxm - (dxn)) )
! 77 (CE: V8. 69)

el t = ((cxn) - (dxm)) & ~ m= 0
O e t = ((exn) - (dxn))
178 (OE 77)

e t = ((cxm) - (dxn)) 1 79 (OE 76, 78)

((gxt) +r) &kt = ((cxm - (dxn))
,1 80 (&l: 74,79)

n

—~
>

= ((gxt) +r) &t = ((cxm-(dxn))
O k™ r = ((cxn) - (dxm) )
,! 81 (OE V8.70)

n=((gxt) +r) &Mt = ((cxnm-(dxn))
O k™ r = ((cxn) - (dxm)

1 82 (()E 81)
(cd r = ((cxn) - (dxm) ,! 83 (OE 80, 82)
- r =0 ,! 84 (Pren)

[(kd r = ((cxn) - (dxm) & -1 =0
,! 85 (& : 83, 84)

( T[r] k™ r = ((cxn) - (dxm) & -~ r =0)
,! 86 (LE 38)

Tir] « kd r = ((cxn) - (dxm) & - r =0
,1 87 (()E 86)



(c™d r = ((cxn) - (dxm)) & =~ r =0 0O T[r]
,! 88 (=E 87) i

T[r] ,1 89 (OE 85,88) i
W (gxt)] & w[r] , 1 90 (TE V1.7,74) |
W r] , 191 (& 90) i
wr] & T[r] , 192 (& : 89,91) i
((r] & T[(r] O <[t,r]) 1 93 (OE 57) i
wr] & Tir1 O <[t,r] 194 (()E 93) i
<[t,r] 1 95 (OE 92,94)
<[r,t] & <[t,r] , 196 (& : 75,95) i
( <[r,t] & <[t,r] O F ) 197 (OE V4.19)
<[r,t] & <[t,r] O F 198 (OE 97) i
F 1 99 (OE 96,98)

-r =00 ¥ )1 100 (O1: 84,99) j

~—~r =0 1101 (-l: 100)

r =0 1 102 (-E: 101)

n=((gxt) +r) &r =0 I 103 (& : 74,102) j

(n=((gxt) +r) &r =00 t|n) ,! 104 (OE Cl1.51) |

n=((gxt) +r) &r =00 t|n ,1 105 (()E 104)

t|n ,1 106 (OE 103, 105)

I To prove: t|m The proof follows the |ines of that of t|n.
i

Wm & wt] & =t = 0 1107 (& 4,64)

(Wm & wt] &-t =0
O MO ( m= ((gxt) +r) & <[r,t] ) )
! 108 (OE V8.66)

wn & Wt] &=t =0
O M ( m= ((gxt) +r) & <[r,t] )
, 1109 (()E 108) i

MO ( m= ((gxt) +r) & <[r,t] ) ,! 110 (OE 107, 109)



0O ( m= ((uxt) +r) & <[r,t] ) , ! 111 (CE 110)

( m= ((uxt) +v) & <[v,t] ) 1112 (CE: 111)
m= ((uxt) + v) & <[v,t] 1113 (()E 112)
m= ((uxt) + v) 1114 (&E: 113)
<[V, t] ! 115 (&E: 113)

m= ((uxt) +v) &kt = ((cxn) - (dxm)
;1116 (&: 62,114)

( m=((uxt) +v) &M@t = ((cxn) - (dxm)
O k™ v = ((cxm - (dxn)) )
,1 117 (OE V8.70)

m= ((uxt) +v) &kt = ((cxn) - (dxm)
O k™ v = ((cxm - (dxn))
1118 (()E 117)

(e v

e v = ((cxn) - (dxn)) & = n =0 ,! 120 (&: 5,119)

( el v = ((cxm - (dxn)) &
O e v = ((cxn) - (dxm)) )

d
=]
1

o

1 121 (OE V8. 69)

((cxm - (dxn)) ,! 119 (OE 116, 118)

[(cd v = ((cxm) - (dxn)) & - n =20
O e v = ((cxn) - (dxm)
1122 (()E 121) i
[(cd v = ((cxn) - (dxm) , 1123 (OE 120, 122)
[
-v =0 , 1124 (Prem [
(e v = ((cxn) - (dxm) & - v =0

1125 (&l: 123, 124)

( Tfvl] [k v = ((cxn) - (dxm) & -~ v =0)
, 1 126 (UOE 38)

Tv] = [d v = ((cxn) - (dxm) & -~ v =0
1127 (()E 126)

(cd v = ((cxn) - (dxm) & - v =0 0O T[v]
! 128 (<E 127)

TIv] )1 129 (OE 125, 128)



W (uxt)] & G[V] 1 130 (TE: V1.7,114)
i

W V] , 1 131 (&E: 130) i
W V] & T[V] 1 132 (& 129, 131)

i

(wv] & T[v] O <[t,v]) ,!1 133 (OE 57) i
wv] & T[vl] O <t,v] , 1134 (()E 133) i
<[t, V] 1 135 (OE 132, 134)

:

<[v,t] & <[t, V] ,! 136 (& : 115, 135)

[

( <[v,t] & <[t,v] O F) 1 137 (OB V4.19)
<[v,t] & <[t,v] O F , 1138 (()E 137) i
F ,1 139 (OE 136, 138)

i

-v =00 &F , 1140 (O1: 124, 139)
:

- v =0 , 1141 (-l: 140) i
v=0 , 1142 (-E: 141) i
m= ((uxt) +v) &v =0 1143 (& 114, 142)
i

( m=((uxt) +v) &v =00 t|m) ,! 144 (OE Cl.51) |
m=((uxt) +v) &v =00 t|m ,1 145 (()E 144) |
t| m 1 146 (OE 143, 145)
i

t|n &t|m , 1 147 (& : 106, 146)

I To prove: (n A m|t i

[(cfd t = ((cxn) - (dxm) & (- n =

|
o
— QO

(et = ((cxn) - (dxm) & (-
O (nAm|t)

>
I
o
(I
1
3
I
=

1 149 (OE: P38) i

(cd t = ((cxn) - (dxm) & (= n 0O 0-m=0)



O (nAm|t
1 150 (()E 149)

(n Am|t ,! 151 (OE 148, 150)

i

t|n &t{m& (n Am|t , ! 152 (&l: 147,151)

i

' Concl usi on. i
(nAm =1t ,! 153 (OE 66, 152)

i

(cd (n A mM = ((cxn) - (dxm) , 1 154 (=E 62, 153) j

-m=00 ™ (n A m = ((cxn) - (dxm)
, 1155 (0O1: 31, 154)
[

e (n A m = ((cxn) - (dxm)) 1 156 (CE 22, 30, 155)
i

wn &wm &-n=00 k™ (n AmM = ((cxn) - (dxm)
, 1157 (O1: 2,156) j

(0N &wmM &-n=00 k™ (nAmM = ((cxn) - (dxm) )
, 1158 (()I: 157) i

OnOm ( wn] &wmM &-n=00 k™ (nAmM = ((cxn) - (dxm) )
159 (0O1: 1,158) j

0
I 52. i

F OnOnik ( kln & k|m&-n=00 k|(nAm) i

n, mk , 11 (Prem i
kln &klm&-n =20 12 (Prem i
k| n 13 (&E 2) i
k| m 1 4 (& 2) i
- n=0 1 5 (& 2) i
( kln O «wn) ,1 6 (OE Cl.4) i
k|n O wn] L7 (O)E 6) i
[ N] , 1 8 (OE 3,7) i

( klmO wm ) 1 9 (OE: Cl.4) i



k| mO wfn

Wi n

wnl & wn

wn & wn &-n=20

( wn &wmMmM &-n=20
O e (n A n) = ((cxn) - (dxm)) )

wn &awnm &-n=0

O fetd (n A m = ((cxn) - (dxm)
(etd (n A m = ((cxn) - (dxm)
™ (nAm = ((cxn) - (dxm)
(nAm = ((cxn) - (dxm)

<[ (dxm, (cxn)]

k| n & k| m

K| n & k| m & <[(dxm), (cxn)]

, 113

, 115
, 116
P17
, 118
, 119
, 120

121

( kln & kl|m& <[(dxm, (cxn)] O k| ((cxn) -

K| n & k| m& <((dxm, (cxn)] O k| ((cxn) -
|

k[ ((exn) - (dxm))
k| (n & m
kKln &klm&-n=010 k|(n A m

( kln &klm&-n=00 kl(nAm)

, 122

23
124
, 125
, 1 26

27

OnOnidk ( k|n & klm&-n=00 k|(nAmnm )

0
! 53.

I 28

(OE 9) i
(OE 4,10) i
(&: 8,11) i

(&l: 5,12) i

(OE: P51) i

(OE 14) i
(DE 13,15)
([E 16) i
([E 17) i
(TE: V5.7,18)
(&: 3,4) i

(&: 19,20) i

(dxm) )
(OE: C1.30) i

(dxm)

(OE 22) i
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