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Let S be a semigroup, that is, a set with an associative binary operation,
which is denoted by x+y.

E+nN+z=x+(y+2) .
We shall give S another binary operation xy such that

(1) x+Na=xa+ya

@ #(@-+b) = 5a+ xb } for every x, 3, a,b€S.,

The first operation is called “addition”, and the second operation is called
“multiplication”. S in which such an addition and multiplication are defined
is called “distributive additive-multiplicative system” or “d-system”. If we
watch only addition, S is denoted by S.; watching only multiplication, it is
denoted by S, which is called a multiplication system to S, ; and a d-system
S is expressed as S=(S,, S.). Especially if the multiplication is associative,
S is called a “semiring”.

The purpose of this paper is to investigate a method how to find all
distributive multiplications to a given semigroup operation, and to obtain all
types of d-systems of order 2 and 3.

§1. Principles.
Now we regard the multiplication x¢ as a mapping of S, into S, which
associates x of S, with x¢ in S. for fixed a.
Denote fax) = zxa .

Then the conditions (1) and (2) are expressed as

(1) Falx+9) = fo(x) + 1. (9
(2,) fa+b(x) = fa (x) +fb(x)
respectively. Consider the set F={f,; a €S}.

(') means that any f, is an endomorphism of S., i.e., a homomorphism of
S, into S..
Let us introduce an addition into F as follows.

f.+/, means a mapping which associates x with f,(x) -+ f3(x).
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(2') means that F is closed with the above addition, and hence S, is homo-
morphic onto F under the correspondence a—f,.

E(S,) denotes the set of all the endomorphisms of S., which is called
“the endomorphism set of S.,”. E(S,) is a semigroup under the operation
fo defined (fg)(x) =sf(g)), but E(S,) is not necessarily closed with the above
addition. See, for example, the endomorphism set of 1Z,. (cf. §5) We have

Theorem 1. [n order to obtain a multiplication which is distributive to S,
we may find a homomorphism a—f, of S, into the endomorphism set E(S.)
whose operation is addition. Then S. is defined as xa=f,(x). Any S, to a
given S, is defined in such a way.

If S, is commutative, then it is easily shown that f, ,(x+3) =f.®
+f,.5(3). E(S.) is closed under the addition and hence an additive semigroup.

Further we see easily that if S, is commutative, E(S,) is a semiring
with commutative addition.

The d-system S=(S,, S,) is isomorphic onto T=(T,, T.) if there is a
one-to-one mapping f of S onto T which causes an isomorphism of S, onto
T, and of S, onto T, at the same time.

Lemma 1. If S, isisomorphic onto T ., then, for any d-system S=(S,, S,),
there is T=(T., T.) to which S is isomorphic.

Proof. Let f be an isomorphism of S, onto 7,. We may define the
product f(x) f(» of elements f(x) and f(3) of T, as

F@ () = flxy) .
It is easily proved that T is a d-system.

Corollary 1. (S.,S,) is isomorphic onto (S., S if and only if S, is
isomorphic onto S’ under an automorphism of S..

In particular, if §,.=7T_, then f is the so-called automorphism of S,.

Covrollary 2. If S, has no automorphism except the identical mapping, then
(S., Sy and (S, T.) are isomorphic if and only if S,=T., which means that
the operation of S, and T, are equal.

§2. Special cases.

In this paragraph we shall research the multiplications in case S. has the
special types: a singular semigroup, a semigroup with a constant product,
and a chain. In these cases, we shall be able to discuss S. not by the principle
in §1, but by (1) and (2) directly.

1. Let S. be a right singular semigroup which is defined as x-+y=3y.

Theorem 2. A right singular Semigroup S. has as S, an arbitrary
multiplicative system which is defined in all the elements of S,. (S.,S.) and
(S., S%) are isomorphic if and only if S, and S’ are isomorphic.

Proof. The before half of this theorem is easily proved by

(x+y)a = ya=xa+ya, x{a+b) =xb=xa+xb.
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Now it is shown that the singular semigroup S. has any mapping of it into
itself as an automorphism. Indeed, for a mapping f of S, in to itself, we see

Jx+y) = f(y) = fx)+f() .
The latter half is immediately proved by Corollary 1.

2. Let S. be a semigroup defined as x+y=0.

Theorem 3. S, is a multiplicative system to S, if and only if S, has O
as two-sided zero. (S.,S.) and (S.,S)) are isomorphic if and only if S, is
isomorphic onto S’ under the one to ome mapping fixing 0.

Proof. Suppose that a d-system (S, S)) is obtained. Then, for all z,

0z=(@x+yz=uxz2+y2=0, 20=2z(x+y) =zx+2y=0,
whence 0 is a two-sided zero of S,. The converse is easily shown. Now it

is proved that an automorphism of S, is nothing but any mapping of S, into
itself which fixes 0. Indeed, if f is an automorphism of S., then

JO) = flx+y) = fla)+f(y) =0.
Conversely if f is a one-to-one mapping of S, onto S, and f(0)=0, then
flx+9)=F(0)=0, flx)+f(») =0, whence flx+3)=7f(x)+f(y). The latter half
of this theorem is got by Corollary 1. q.e d.

3. Let S. be a chain, that is, a semilattice with linear oredr x+y
=max(x, v). ‘

Theorem 4. S, is a multiplicative system which is distributive to S., if
and only if S. satisfies

3 x=y implies x2==yz, 2x=2y .

S+, Sy) and (S, T.) ave isomorphic if and only if S, =T,.
Proof. Suppose that (S, S.) is got. Since x+y=1x,
x2=(x+y)2=2x2+y2, 2x=2z(x+y) =z2x+2y.
Hence #2=yz and zx=zy. Conversely it is easily seen that if (3) holds,
(S:, Si) is a d-system. The proof of the latter half is clear by the fact that
there is no automorphism except the identical mapping.

4. Let Si»=10,1, .-, n—1} be a cyclic group of order xn. As an
example of S=(S,¢,;, Sx), we can consider the factor ring R, of integer ring
modulo #n. Denote by ab the multiplication in R,. We shall state the theorems
without proof.

Theorem 5. S, is a multiplicative system to the cyclic group S, if and
only if S, is a semigroup defined as axb=abk where k is a fixed element of
Sico, and abk is considered as the product of a, b, and k in R,. Let S(k)
denote a d—system S(k)=(S.c,, S,) where S, is given by k. S(k) and S(k,) are
isomorphic if and only if the greatest common divisor of the integers n and k,
is equal to that of n and k,. Accordingly the number of isomorphically distinct
(S+tcm> Sx) £5 equal to the number of divisors of n.
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Next, let S, be an abelian group of order #. S, is a direct sum of cyclic
groups: S,=S., D -+ BSi,p n=mn, - n,.
Denote by e, the base of S.,,. Then S. is considered as an additive group
of all the forms

2 xe; (x; being a positive integer)
with the addition defined by
2 xe+ 2lye, =2 (x,+y)e;.

Theorem 6. S. is a multiplicative system to a commutative group S, if
and only if S, is a semigroup with a multiplication

2laex >ibe =2 abu,e,
i i i,7 5k
where the positive integers u;;, (i, j, k=1, -+, v) are chosen such that the following
systems are fulfilled.
2 Uiyilhypm = z]] Ujpithiim (mOd' nm) (Z) j’ m = 1) Y 7) .
Consequently (S., S)) is a commutative ring.
Thus S, is determined by u,,, ¢, j, k=1, ---, #)

Theorem 7. A ring determined by u;;, is isomorphic to a ring determined
by v, G, j, k=1, -, 7) if and only if there exist p,, ---, p, such that u,,
=p;pi¥;;r, (mod. n,) (, j, k==1, -, ¥) where p, and n; ave relatively prime.

§3. Classification of Multiplications.

There is given a multiplicative system S, which has a multiplication X :
xy for x, y€S,. Let a be a fixed elements of S,. We introduce another
multiplication A, into the elements of S, as follows.

XA,y = XAaNy .
We shall define an ordering among all the multiplications.
A= p means g = A, for a suitable element «.
Theorem 8. A <p and x<v imply A <v,
Proof. let pw=>x, and »—=p,. Then we have
xvy = xpbuy = IA(@ADAE)AY = XACAY
where c=arbra.

Theorem 9. If )\ is distributive to the addition + and if N<p, then p is
also distributive to +.

Proof. Let p=2x,. Then

1) It means e;4 - +e;. If and only if x,=y; (mod. n;) (4==1,---,7), then N x;&;= > y;¢;.
N, et/ i i

EH
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(x+y)pz = (X +Prarz = (AAar2) + (yrarz) = (xp2) + (yp2) .

Similarly we get zu(x-+3) = (2px) + (2159).
Theorem 10. If A is associative and N <p, then w is also associative.
Proof. Tet w=2x,. Then

(xpy) ppz = (FAAAY)AaNZ = ENAN(YNaNZ) = xp(yp2) .

Especially, let us consider the set 9t. of all the associative multiplications
to an associative addition S, and introduce a modified ordering into t,.
A=y means that either

(1) S, is isomorphic to S, under the autmorphism of S.
or (2) A=<Zp.
Then the ordering = is a quasi-ordering of M, .

§4. All d-systems of Order 2 and 3.

In this paragraph, we shall obtain all the d-systems of order 2 and 3 as
the simplest examples.

We give all the dually-isomorphically distinct semigroups of order 2 and
3 in Table 1, where all the types lying in the first column are all the
isomorphically and dually-isomorphically distinct semigroups {cf. in [1], [2]), and

1 (abc), 2 (acb), 3 (bac), 4 (bca), b5 (cab), 6 (cba)

mean the permutations

1/abc\ 2 abc> 3 (abc\ 4 [abc\ b {abc 6<abc
abc)/, acb/, bac/, bea ), cab/, cha
respectively so that, for example,
bcb abb
¢ p c|is transferred from |p @ a| by the permutation 4 (bca).
bch baa

Table 1.

Semigroups of order 2.

1(ad) 2(ba)

v zsl 1e3]
zlaal 133
s 53 53]
+lagl [53)

|
|
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Semigroups of order 3.

2(ach) 3(bac) 4(bca) 5(cab) 6(cba)

1(abc)

Voollvvollvvvllomel a8 ollovolivoulvun||lvoen]lvoolvoo|lovellvoo]lvoon|lomo||lvo oo
WO IOV L VLY (DO (SO (VI O TVRVL| ROV |V 0o PR loeg|jvov|loo| oo |loo| o
YR QPlIow ool lomolilvonl oy VOOLIIVVWO) OOV VDOV IR IR
O B P B E N I N N B F T N P P i P N P N I Y Y I N Y O T e
ROV TOY LV IVOLY (VOO OV [OLL] OO (IR [RS8 oo 3y 8ol |lgov]|(lvoav]igoo
VYY) [(LOO OV |ORIJ/| (00T [DOI|IIII| |V IvvfIswmo||lssg||¥88|/ovullvosijogofljogy]|dooivswee
co oo aenllcoesllsonlisog]leos]loncliomsllsecllcoelfcvellasnslloss|lvos|llc ol jleselics o
DD R DR DR RO OO BD 0| R [Ren| R o Dol oo oo oo oo (oo o] oo oo
VIJ (20D OO0 (RO (DOLD VI oD (IR0 |loor| 3o Bos  gon|(sov]izgno] lagonel |80 (300
S R S e e R sl A T B R I e B O R N e e B R R R R N O B - T O e S I A R B R S N R LR RS
NOD VR DD (BRD (VOB (VDO [O0D [0 (DO (DD DO RO o PR o (300 [0 a| o9
VWIY (OO0 000 RIJ| (VIR o0 VIO (S0 (sne| (33| |3 |oow||[lcon ooy |lsos||lsor
coollnslsnnlfoon||ess|jces|ltoe]lsos]lseo]lseolldogllves|teslsesellsoslcos|/ssollso o
e A R A A A B R e s R L I e e R A A R s B B N R N R N RS R T - B N R O B N O B R R A N
IIY| I VRIY| (WY ™IRO Voo |t (s |iSeg| lsegivns III|IVIJ| |z SIS RN N RN SR BN SRS BN AN SIS
VLOL VIV |3oy| (Rl (oo ilseg|ilzoo|ivoolizgon (oo oo olijiseo]izoo]lsnelisov|lag ol v
RDOD (VWY VII O[OV (o[ [0 (VoD (ool lanol| ool oo (s III[Isesollossl(lson]insse
ASERS SRS I RS TS SRS S BN RS BN [VWOoP| (Vo0 [I0o| isln |8 |Iss sy SIS I[N I |/ ivIT SIS RN
- [N} ) < 16 © ~ o0 o S - ] o3 < 15 =) t~ s
— — —~ — — — — — —
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Table 2 shows all the endomorphisms of the semigroups of order 2 and
3, where, for example,

5, B == (abb) means an endomorphism (

Zgg) of 5,.

We add that 3, is the 3rd semigroup of order 2, and 3, is the 3rd semi-
group of order 3.

3,
4,
33
45
5,
6,
T3
8;
9
10,
11,
12,
13,
14,
15,
16,
17,

In Table 3, we

A=(aa)

A= (aa)

A=(aaa)
A=(aaa)
A=(aaa)
A={(aaa)
A=(aaa)
A=(aaa)
A=(aaa)
A={(aaa)
A=(aaa)
A=(aaa)
A={(aaa)
A={aaa)
A=(aaa)
A=(aaa)
A=(aaa)
H={(abc)

Table 2.

Endomorphisms of Semigroups of Order 2 and 3.

B=(ab)

B=(bb)

B={(aab)
B =/(aba)
B=1{(abb)
B={(abc)
B=(bbb)
B=(bbb)
B=(bbb)
B=(bbb)
B=(bbb)
B=(bbb)
B=(cec)
B=(ccc)
B={(ccc)
B=(ccc)
B=(bbb)
I =(ach)

C =(ab)

C =(abc)
C =(aac)
C ={(abc)
C =(ach)
C =(aba)
C =(cce)
C =(abb)
C = (abb)
C={(ccc)
C={(ccc)
C =(aba)
C =(aac)
C =(aac)
C =(aba)
C ={(ccc)

D ={(abc)

D={(bab)
D=(abb)
D=(bbc)
D=(abc)
D ={aac)
D= (abb)
D =(aac)
D={(abc)
D={C(abc)
D ={(aac)
D ={(aab)

phism set (cf. Table 2) of each semigroup.
is not closed under the addition.

ABC 4.

Table 3.

E={(aac)
E={(acc)
E=(abc)

E=(bbc)
E =(baa)
E ={(abc)

E=(abc)
E=(aba)

Addition of Endomorphisms.

Order 2.

3. |AB 4. JABC
AAB AlAAA
B|BA B|ABC

C|ACC
Order 3.

_|ABCD 5. |ABC

AlABAB AlABB

B|BABA BIBAA

ClABAB CIBAA

DIBABA

F={(abc)
F={(abc) G =C(ach)

F={(abe) G={(bac)
F=(bbc) G=(abc)

F=(aac) G=C(aca)

show addition table which is introduced into the endomor-
(See §1).

As easily seen, E(11,)

ABC

ABC
BCA
CAB

A
B
C
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7. |ABCDEF 8 |ABCDEFG 9. IABCDE
AlABCDAC AAAAAAAA AlAAAAA
B|ABCDAC BIABCDEFG B/ABCBC
C|ABCDAC ClABCDEFG clacccc
D|ABCDAC DIADEDEFG DIABCBC
E/ABCDAC E|ADEDEFG ElACCCC
FIABCDAC FIADEDEFG

GIADEDEFG

10. [ABCD 1. (ABCDEFG 12. |ABCDEFG
AAAAA Al[ABAAXXX AlABBDEBD
B/ABCD Bl|ABBXBXX B|ABBDEBD
claccD Cl/ABCDEFG ClABCDEFG
DIADDC DABDDEFG DABBDEBD

EABEDEFG E|ABBDEBD
FIABFDEFG F|ABFDEFG
GIABGDEFG GIABFDEFG

3. |ABCDE U. |ABCD 15. |[ABCD
AlAAAAA AlaAaa AAAAA
B/ABADD B|ABCC B|ABCD
CIAAAAA claccc clAccc
D|ADADD plapcc DIADCC
ElADADD

6. |ABCDE 17. |ABCDEFGHI
AlAACAC AlJAAAAAAAAA
B|ABCBE B|ABADEAAED
CclcCACA CIAACAAFGFG
DIADCDE DADADAAAAD
EICEAED E|AEAAEAAEA

FIAAFAAFAFA
GIAAGAAAGAG
HAEFAEFAHA
IIADGDAAGAT

In Table 4, we arrange all the multiplications which are distributive
to each addition. For example, we have, for the addition 3,, the multipli-
cations (ABC) (AAB) (AAA) where (ABC) denotes

apbpc apbc

a e ala a a

blA|B(C s bla a p

c clapc
3,

in words, we rewrite the endomorphisms of
A = (aaa), B = (aab), C = (abc)

in column, and we place them in row.

In Table 4, the multiplications for the additions 1,, 2,, 1,, 2,, 18, are
omitted, because they have been determined in §2.

We remark that the multiplications 1~14 for the addition 7, are associa-
tive, but 15~24, for 7,, are not associative.

In Table 5, we show the modified ordering of 9. for each the addition
S. of order 2 and 3. (cf. §3). For example, in the associative multiplication
for the addition 1,,

17155131

means that if A denotes the multiplication 17.1 then the multiplication 13.1
is expressed as A, (cf. §3) ; furthermore if z# denotes 1.1, then p, is isomorphic
to g for every ¥ under an automorphism of the addition 1,.
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10.
11.

12.

13.
14.
15.
16.

17.

Distributive Multiplications to Semigroop Operations

Table 4.

Multiplications to additive Semigroups.

1(AA)
1(A4)

2(AB)

2(AB) 3(AC)

1(AA4)
1(AAA)
1(A44)

2(AAB)
2(AAC)
2(ABB)
1(AAA) 2(ABC) 3(ACB)
1(AAA) 2(AAE) 3(ABA)
9(CBE) 10(AFF) 11(CC F)
15(ADA) 16(ADE) 17(BAB)
23(DBD) 24(DDD)

1(AAA) 2(ABB) 3(ABC)
9(AFE) 10(AFF) 11(AFG)
17(ECC) 18(EEE) 19(FFF)
20(AC B) 21(ADG) 22(AED)
28(AGG) 29(GGG)

1(AAA) 2(ABB) 3(ABD)
9(c BD) 10(cCcC) 11(CCE)
1(AAA) 2(ABB) 3(ACC)
1(AAA) 2(AAC) 3(AAD)
9(DDC) 10(DDD) 11(DEC)
17(FFF) 18(FGC) 19(GFC)
20(BAC) 21{DGC) 22(EDC)
28(GGC) 29(GGG)

1(AAA) 2(ABB) 3(ABC)
9(BBF) 10(ccC) 11(DBB)
17(EDD) 18(EDG) 19(FFC)
24(AEE) 25(BAA) 26(BDD)
32(EBC) 33(EEE) 34(FGG)
1(AAA) 2(AAB) 3(AAD)
9(DpDD) 10(DEB) 11(DED)
1(AAA) 2(AAB) 3(AAC)
1(AAA) 2(AAB) 3(AAC)
1(AAA) 2(AAB) 3(AAD)
9(pDD) 10(DEB) 11(DED)
1(AAA) 2(AAC) 3(AAD)

3(ABC)
3(ABA)
3(ABC)

Order 2.

4(BB) 5(cB) 6(ccC)

Order 3.

4(ABC)

4(ABE) 5(ACA) 6(ACE) 7(BBB)

12(CcbC) 18(CDF) 14(DCD)

18(BCB) 19(BDB) 20(C AC) 21(CAF)

4(ACC) B5(ADD) 6(ADE)

7(ADF)

12(AGF) 13(BBB) 14(CCC) 15(DBB)

23(AEF) 24(AEG) 25(AED) 26(AGD)

4(AccC) 5(ACE) 6(BBB)

7(BBD)

4(ACD) 5(BBB) 6(CBB) 7(CCC)

4(ABC) 5(BBB) 6(BBC)

7(BBE)

12(DFC) 13(EEC) 14(EEE) 15(FEC)

8(C BC)
22(DAD)

8(AEE)
16(DD D)

21(AGE)

8(C BB)

8(ccce)
16(FFC)

23(EFC) 24(EGC) 25(FDC) 26(GDC) 21(GEC)

4(ABF) 5(ADD) 6(ADG)

7(BBB)

12(DBC) 13(DBF) 14(DDD) 15(DDG)
20(FFF) 2L(GFC) 22(GFF) 23(GGG)
27(BDG) 28(BEE) 29(DAA) 30(EAA)

4(ACA) 5(ACB) 6(ACD)
6(CCC)
6(ccce)

6(ACD)

5(C C B)
5(C C B)
5(ACB)

4(BBB)
4(BBB)
4(AC A)
5(AAH)

4(AAF) 6(ABA)

7(BBB)
7(CDB)
7(CDB)
7(BBB)

7(ABC)

8(BBC)
16(DEE)

31(EBB)

8(DDB)

8(DDB)

8(ABF)

9(ADF) 10(ADH) 11(AEA) 12(AEF) 13(AEG) 14(AGA) 15(AHA) 16(AHI)
17(AIT H) 18(BBB) 19(CCC) 20(EBE) 21(EBH) 22(EEE) 23(EEH) 24(FFC)

25(FFF) 26(FHC) 21(HHH)

28(AAB) 29(AAE) 30(AAG) 31(AAT) 32(ABG) 33(ACA) 34(ACB) 35(ACD)
36(ACE) 37(ADA) 38(ADC) 39(ADE) 40(ADG) 41(AEC) 42(AED) 43(AE 1)
44(AF A) 45(AFB) 46(AFD) AT(AFE) 48(AFG) 49(AF 1) 50(AG B) 51(AGD)
52(AGE) 53(AGF) 54(AGH) 55(AHD) 56(AHG) 57(AI A) 58(AI F) 59(DBD)
60(DBI) 61(DDB) 62(DDD) 63(DDI) 64(DI B) 65(DI D) 66(EEB) 67(EHB)
68(EHE) 69(FCF) T0(FCH) TW(FFH) T72(FHF) 73(GCG) T4(GC I) 75(GGC>

6(GGG) TI(GGI) T8(GIC)

T9(GIG)8(ITI)

99
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Table 5. Distributive Associative Multiplication for

Semigroups Order 2 and 3.

Order 2.
a
1, 11, 1.1, 31, 41—>21
a
2, 41—>21
a
3, 41—>21
a b
4, 11, 1.V, 41—>21, 42——>22
Order '3
1, 17.1 18.1 16.1 6.1 12.1 12.1
| e Lo | c“c a0 Ta,b
13.1 9.1 10.1 5.3 6.3 7.3 7.3 11, 1.1,
a, b a L
I O I E
8.1 > 2.1 « 14.1 41 6.5 11.1 11.1
T e
8.1 31 14.1
T b
15.1
2, 18.1 3; 15.1 43 17.1
Lo le 27N
8.1 . 91 10.1 131 132
x‘l a a, b l b a b a,c
8.1/ 2.1 14.1 2.1 21
M Ta,b a,b
31 131 141
K K
15.1 171
5, 181 6, 101 75 17.1 183 16.1 123 12%
[4 b a b
IR G AN T
9.1 21 13.1 132 93 417—/—53 7.1 7.1
a,c
a a,b A‘ l b
21 2.1 23
8, 18.1 134 11, 1.1, 73, 7.3, 75 75
l b lb,c
8.1 9.1 10.1 3
a a
a l ‘:/
81— 21
9, 7.3 181 321 121 10, 181 134 7.3, 7.3
c N, lb la,b | lb lb,c
13.3 134 91 73 7.3 9.1 23
a,N /b,c la a
23 2.1 2.1
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11, 185 18.6 131 11, 11, 72 72, 74, 74
C Y
85 9.5 96 21
c | c
\ l C/
8.5 25 10.5
12; 18.1 17.3 18.6 16.3 121 12,1 12.6 12.6/ 1.1, 1Y
b f/ N‘ ib .b/a\f la,b la,b lb,c lb,c
9.1 13.3 134 96 4351 73 7.3 74 74
Lo oo e e 0
a,b b, c
21 23 25
13; 17.1 185 1

a la, b
/13. . . 7.2 9.5 21
a,k‘ a,c i ¢
2

15, 185 131 7.2,

8. 25 12,5 14, 185 131 7.2, 7.2
/ X l a la, ¢ la, ¢
9 7.2

72" 16, 17.1

185 125 125
a la,b ¢ b la la,c la,c
95 2.1 131 132 95 72 7.2
l ¢ ab ac l ¢
25 2.1 25
17, 17.1 183 123 12.3 1.1, 1.1, 7.2, 72
¢ a la,b la,b
131 141 14.17 9.3 7.1 7.1
b &
Nl e |
2.1 2.3
2
b 3.1 10.1
15.1
18; 15.1 b 18.1 186 18.5
BN T
31 4b 91

b141

e oy 14 96, 95 , 146
a \ l C

¢ and l A b ab? b ¢
182—> 92 —> 24 «—141 156 —> 3.6 -—> 25 <«—14.6

13.a1YV'8T.1N 8.1 b/T ;\c

13.6 8.5 85
17.3 121 1.2 121 112 126 126
.7 X ak ../b ak ./b lb’ ¢ lc’ .
133 134 7.3 &3 74 T4
a,b\, b, ¢

11, 11, 72, 72, 75 7%
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