RESIDUATED LATTICES OF SIZE UP TO 6

NICK GALATOS AND PETER JIPSEN

There are 1 + 1 4+ 3 + 20 + 149 + 1488 = 1662 residuated lattices with < 6 elements. In the list below, each algebra
is named R}}" where m is the cardinality and n enumerates nonisomorphic lattices of size m, in order of decreasing
height. The depth of the identity element 1 is given by ¢, and j enumerates nonisomorphic algebras. For lattices of
the same height distributive lattices appear before modular lattices, followed by nonmodular lattices, and selfdual
lattices appear before nonselfdual lattices. Algebras with more central elements (round circles) are listed earlier,
hence commutative residuated lattices precede noncommutative ones. Finally, algebras are listed in decreasing order
of number of idempotents (black nodes).

The monoid operation is indicated by labels. If a nonobvious product zy is not listed, then it can be deduced from
the given information: either it follows from idempotence (z? = x) indicated by a black node or from commutativity
or there are products uv = wz such that v <z <w and v <y < z (possibly uv = L L or wz =TT).

If you have comments or notice any issues in this list, please email jipsen.AT.chapman.edu.
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c=ba=ac c=ac c=ca c=ac=ab c=ca c=b%=ac c=ac
d=ad d=da d=ad=ac d=ad d=b*>=ad=ac d=da d=bc=b*=ad
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1 1 1 1 1 1 1
a a a a a a a
b b b b b b b
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b=a> b=a> b b=ab b=ab
c=bc=ac c=cb=ca c=ac=ab c=ac c
d=ca d=ac d d d=ad=ac
ba=ad ba=ad ca=b?
R?:;ZS R?:;QG R?:éw R?:ézs R?ézg
1 1 1 1 1
a a a a a
b=ab b=ba b=ba b b=ab
c=ba=ac c=ca c=ac=ab c=ac=ab c=ac
d=ad d d=ad d=ca=ba=ad d=ca=ba=ad
da=b? ab da=b? b2 b2
R(152532 R?Zész& R?Z;M R?éss R?é%
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b b=ab b=ba b=ba b=a?
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b=a? b=a? b=qa? b b
c=bc=ac c=bc=ac c=cb=ca c c
d=cb=ca=bd=ad d=db=da d=bd=ac d=ac=a> d=bc=a>
c? c?=ad c? ba=ad ca=ad
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b b b b b
[ c c=bc=ac c c=ac
d=cd=ad d=dc=da d=ad d=bd=ac d=bd=bc=ad
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1 1 1 1
a a a a
b b b b
c=bc=ac c=cb=ac c=ac c=bc=ac
d=bd=ad d=ad d=ca=bd=bc=ad d=ca=bd=ad
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1 1 1 1 1
a a a a a
b b b b b
c=cb=ca c=cb=ac c c=ac c=ca c=ca
d=da d=da d=db=ca d=db=ca=ad d=db=da=cb d=db=cb=ad=ac
be=ad ac be ac be
R(f 266 R? %67 R?:ées R%eg R?é?o R(fén
1 1 1 1 1 1 1
a a a a a a a
b b b b b=ab b=ba b=ab
c=cb=ca c=cb=ac c=cb=ca c=ab c=ba c=ab c=b2
d=db=da d=db=da d=db=ad=ac d=cd=ad d=cd=ad d=cd=ad d=cd=ad
ac bc=ad be da da da da
R(ljén R?:ém R?:%M R?:ém R?:;m R?,é?? R?:%m
1 1 1 1 1 1 1
a a a a a a a
b=ab b=ba b b=ab b=ab b=ba b=ab
c=ba c=ab c=ab c=ba c=ba c=ab c=b>
d=cd=ad d=cd=ad d=dc=da d=dc=da d=dc=db=ad d=dc=da d=dc=da
db db ad ad bd ad ad
R?:%m R?éso R?:%& R?ész RiliéS?, R?ém R?:%&s
1 1 1 1 1 1 1
a a a a a a a
b=ba b=a? b=a? b b=ab b b=ab
c=ab c c c c c=ac=ab c=ac
d=dc=db=ad d=cd=ad d=dc=da d=ad=ab d=ad=ac d=ad d=ad
bd da ad ba ba ba ba
R?:%Sﬁ R%m R?:éss R?Z%sg R?égo R?:;Ql R?égz
1 1 1 1 1 1
a a a a a a
b=ab b b=ba b b=ba b=ba b=a?
c=ba=ac c c c=ca=ba c=ca c=ac=ab c
d=cb=b’*=ad d=da=ba d=da=ca d=da d=da d=da=bc=b? d=bd=ac
da=bc ab ab ab ab cb=ad ca
RY'393 RY'394 RY'395 RY"96 R 597 RY'395 R399
1 1 1 1 1
a a a a a
b=a? b=a? b=a? b=a? b
c= bc ac c=bc=ac c c=cb=ca c=cb=ca c=a?
d=bd=ad d=ca=bd=ad d=db=ca d=db=da d=db=da=ac d=cd=ad
da=cb ac ac bc=ad da
R 300 R?:ém R?jéoz R?:éos R?:ém R?jéos
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1 1 1 Ta Tb Tec
a a a 1 1 1 1 1 1
b=a? b b=a? a=Ta a a a a=Ta a=Ta
c=ab c=a? c=ab b=Tb b=Tb b b b=Tb b=Tb
d=cd=ad d=dc=da d=dc=da c=Tc c=Tc c=Tc c c=Tc c=ac=Tc
da ad ad ac be
RY 506 Ris07 R 508 Ry Ry, Ry Ryy Ry Ry
Ta Ta Th Ta
1 1 1 1 1 1 1
a a=Ta a a a=Ta a=Ta a
b=Tb b=Tb b=Tb b b=Tb b=ab=Tb b=ab=Tb
c=ac=Tc c=be=Tc c=bc=Tc c=bc=Tc c=ab=Tc c=b*=Tc¢ c=b’=Tc
be c? c? c?
Ry Ry Ryl Ry71o Ry Ry Rys
Tc Te Tb Tec
1 1 1 1 1 1 1 1
a a a=Ta a a a=Ta a=Ta a=Ta
b b=ab b=a*>=Th b=a? b=a? b=Tbh b=ab=Tb b=Tc=Tb
c=ab c=b> c=Tc c=Tc c c=Tc c=Tc c
ab b’=ac ab
Ry Ry1s Ry Ry Ry Ry Ry Ry
Ta Ta Ta
1 1 1 1 1 1
a=Ta a=Ta a a=Ta a a
b=Tb b=ab=Tb b=ab=Tb b=ab=Tb b=ab=Tb b=ab=Tc=Tb
c=ac=ab=Tc c=ac=Tc c=ac=Tc c=b’=ac=Tc c=bP=ac=Tc c=ac
b2 b? b? be be b?
RSZ;z Rg,é?, Rg:é4 Rgés Rg:%ﬁ 321;7
Tb Te Tec
1 1 1 1 1 1 1 1
a=Ta a=Ta a a=Ta a=Ta a=Tb=Ta a a
b=a?=Tb b=a?=Tb b=a? b=Tb b=a?=Tb b b b=a?
c=Tc c=bc=Tc c=bc=Tc c=a*=Tec c=ab=Tc c=a’=Tec c=a’ c=ab
ac 2 2
Rgés Rgég Rg,'éo jo?lﬂ joéz Rgés Rgi§4 R?,’és
1 1 1 1 1 1 1
a=Ta a=Ta a=Ta a=Tb=Ta a=Ta a=Ta a=Ta
b=Tb b=Tb b=a?=Th b b=Tb b=a?=Th b=Tb
c=Tc c=a*=Tec c=Tc c=Tec c=ab=a’=T¢ c=ab=Tc c=b’=a’=T¢c
a? ab ab a? b%>=ac b%>=ac ac
RS%G Rg:§7 Rg:és RS%Q Rg:}m Rg,llu joz



Ta al
1 1 1 1 1 1
a=Tb=Ta a=Ta a=Ta a=Tc=Ta a=aT a=Ta
b b=Tc=Thb b=a’=Tc=Tb b b=Tb b=Tb
c=b%>=a%=Te¢ c c c c=Tc c=Tc
ac a? ab a?
Rgz}m Rg:}m Rg,’is jozll(i Rg:zlw Rg:is
bT=Ta Te cT=TbH Ta al
1 1 1 1 1 1 1
a a a a=Ta a=Ta a=aT a=Ta
b=Tb b b b=Tb b=Tb b=Tb b=Tb
c=Tc c=cTl c=Tc c=ac=Tc c=ca=1Tc c=ac=Tc c=ac=Tc
ca=bc ac be be
RSZ%O Rg:él Rg,"sl)z Rg:é3 RS;§4 Rg:é5 Rgéﬁ
Ta Ta Ta aT Tb
1 1 1 1 1 1
a a=Ta a a=aT a=Ta a
b=Tb b=Tb b=Tb b=Tb b=Tb b=bT
c=bc=Tc c=cb=ac=Tc c=cb=ac=Tc c=bc=Tc c=bc=Tc c=bc=Tc
cb be be 2 2 c?
Ry s Ry50 Rys0 Ry Ry Ry
Ta al Tec Te Te
1 1 1 1 1 1 1
a=Ta a=Ta a=al a=Ta a a a
b=ab=Tb b=ba=Tb b=ab=Tb b=ab=Tb b=ab b=ba b=a>
c=ba=Tc c=ab=Tc c=b’=Tec¢ c=b*=Tc c=ba c=ab c=cT
joé5 Rg:(lifi nglﬂ Rg:és Rg:(liQ RSZ%O Rg:;l
1 1 1 1 1 1
a=Ta a=Ta a=Ta a=Ta a=Ta a=Ta
b=Tc=Thb b=ab=Tb b=ba=Tb b=ab=Tb b=cT=Tb b=ab=Tb
c=cT c=Tc c=Tc c=ac="Tc c=Tc c=ba=ac=Tc
ab ba=ac ab ca=b? ab b2
jo;?, Rg:%zx Rg:% Rg:%es Rg:% Rg:;s
Ta aTl Ta Ta
1 1 1 1 1
a=Ta a=a'T a=Ta a a=a T
b=ba=Tb b=ab=Tb b=ab=Tb b=ab=Tc=Tb b=ab=Tb
c=ac=ab=Tc c=ac=Tc c=ac=Tc c=cT=ac c=b*>=ac=Tc
b2 b2 b? b2 be
Rg:alm Rg:alu Rg:é2 Rgalsd Rg:aliz;
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Tb

b=bT
c=Tc

6,1
Ry 49

cT=Tb

b=a?
c=Tc

6,1
R2,72

a=Ta

b=ab=Tb

c=ca=Tc

b’=ac
RSZ;Q

al

a=Ta
b=ab=Tb

c=b*=ac=Tec¢

6,1
R2,85
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Ta
1 1
a a=Tb=Ta
b=cT=ab=Tb b=bT
c=ac=Tc c=a?’=Te
b2
Rg:éﬁ RSZ&IW
1 1
a=Ta a=bT=Ta
b=Tb b=Tb
c=ab=a’=Tc c=Tc
ba=ac a?
ngln Rg:és
1 1
a=Ta a=Ta
b=cT=Tb b=cT=a’=Tbh
c=Tc c=Tc
a? ab
Rgiés Rg:ég
Ta
1 1
a=Ta a=aT
b=ab=Tb b=cT=ab=Tb
c=ac=Tc c=ac=Tc
ba ca=b?
Rgﬁo:; Rgﬁ%
1 1
a=Ta a=Tc=Ta
b=a’=Tb b=bT
c=cb=ca=Tc c=cT
ac a?
Rgz}m Rgﬁu
al Ta
1 1
a=Ta a=aT
b=Tb b=Tb
c=bc=Tc c=cb=ac=Tc
cb be

6,1
R2,117

NICK GALATOS AND PETER JIPSEN

1 1 1 1
a=bT=Ta a=Tb=Ta a=Ta a=Ta
b=Tb b=bT b=Tc=Tb b=a’=Tc=Tbh
c=a’=Tec c=Tc c=cT c=cT
a® a® ab
Rg:és Rg:ég Rg:éo ngl)l
1 1 1 1
a=Tc=Ta a=Ta a=Tb=Ta a=bT=Ta
b b=Tb b=bT b=Tb
c=cT c=ba=a’=Tc c=b’=a’=Tc c=b’=a’=Tc
a? ab ac ac
Rg:slm Rg:slm Rg:slaﬁ Rgzgw
1 1 1 1
a=cT=Tb=Ta a=Ta a=Ta a=Ta
b b=Tb b=Tb b=Tb
c=Tc c=bc=Tc¢ c=cb=ca=Tc¢ c=ac=ab=Tc¢
a2 ca ac ba
Rgﬁoo Rgﬁ(n Rgﬁ(m Rgﬂozz
al
1 1 1 1
a=Ta a=Ta a=Ta a=Ta
b=Tb b=ba=Tb b=ab=Tc=Tb b=a’=Tb
c=ca=ba=Tc c=ca=Tc c=ca=cT c=bc=Tc
ab ab b%>=ac ca
Rgﬁo& jom Rgﬁos Rgﬁog
Ta
1 1 1 1
a=Tc=Ta a=cT=bT=Ta a=cT=bT=Ta a=aT
b=cT=bT b=Tb b=Tc=Tb b=Tb
c c=Tc c c=bc=Tc
a® a® a? cb
Rgﬁm RgﬁlS Rgﬁu Rg:hs
al Ta
1 1 1 1
a=Ta a=Ta a=Ta a=aT
b=Tb b=cT=ab=Tb b=ba=Tc=Tb b=ba=Tc=Tb
c=cb=ac=Tc c=ac=Tc c=ca=cT c=cT=ac=ab
be ba ab b2
RgﬁlS Rgﬁlg Rgﬁzo Rgﬁm
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al Tbh Tbh Tc Te Tc
1 a a a=ab a a=ab a=ac=ab a
a=Ta 1 1 1 1 1 1 1
b=cT=ab=Tb b=ab=Tb b=ab b b=ab b b b=ab=Tb
c=ba=ac=Tc c=Tc c=Tc c=Tc c=ac c=ac c c=ac=Tc
b2 be
Ry122 R5) R3) Ry R5i Rg3 Rgs R57
Th Tb Te Te a?
a a a=ab a a a=ac=ab a
1 1 1 1 1 1 1
b=ab=Tb b=ab b b=ab=Tb b=ab b b=ab=Tb
c=bc=Tc c=bc=Tc c=be=Tc c=b*=Tec¢ c=b*=ac c=b? c=Tc
2 2 2
R5x Rg R510 Ry Ry R3s R
a’>=Tbh a’>=Tc a?
a=ab a=ac=ab a a a a a
1 1 1 1 1 1 1
b b b=ab=Tb b=ab=Tb b=ab=Tc=Tb b=ac=Tb b=ab=Tb
c=Tc c c=ac=Tc c=b*=ac=Tc c=ac c c=ac=Tc
b2 be b? b? be
R51s R5i6 R517 R51s R51g R55 5y
a? a?=Tbh a? a’=Tec a? a? a?
a a=ab a a=ac=ab a a a
1 1 1 1 1 1 1
b=ab=Tb b b=ab=Tb b b=ab=Tb b=ab=Tb b=ac=Tb
c=bc=Tc c=bc=Tc c=b*=Te¢ c=b? c=ac=Tc c=b’=ac=Tec c
2 2 b? be b?
Rg:%z Rgé3 Rgé4 32355 Rgées Rg:%7 Rg,ég
Tb bT Te Th Th Te cT=TbHh Tec
a a a a=ab a=ba a=ab a a=ab
1 1 1 1 1 1 1 1
b=bT=ab b=ab=Tb b=ab b=ba b=ab b b=ab b=ba
c=Tc c=Tc c=cT=ac c=Tc c=Tc c=cT=ac c=Tc c=ac
RS R550 Ry R35 R555 RS54 R55s R556
Te cT=Tbh Te Te Th
a=ba a=ab a=ac=ab a=ca=ab a a a
1 1 1 1 1 1 1
b=ab b b b b=ab=Tb b=ab=Tb b=bT=ab
c=ac c=Tc c=ca c=ac c=bc=Tc c=cb=ac=Tc c=bc=Tc
cb be c?
3%7 Rg::lss Rgég Rg:zllo Rg:}u Rgfm Rg:zlxs
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bT Tb Tb
a a=ab a=ba a a a
1 1 1 1 1 1
b=ab=Tb b=ba b=ab b=ab=Tc=Tb b=cT=ab=Tb b=ac=Tb
c=bc=Te¢ c=bc=Te¢ c=bc=Tec c=cT=ac c=ac=Tc c=ca
2 2 c? b2 b? b2
6,1 6,1 6,1 6,1 6,1 6,1
Ry'y4 R3'ys R3's6 R3'y7 Ry'ys R34
a? a? a?
a a a a a a
1 1 1 1 1 1
b=ca=ab=Tc=Tb b=ab=Tb b=ab=Tb b=ac=Tb b=ca=cT=ab=Tb b=ac=Tb
c=ac c=bc=Tc c=cb=ac=Tc c=ca=cT c=ac=Tc c=ca=cT
b2 cb be b2 b2 b2
6,1 6,1 6,1 6,1 6,1 6,1
Rg'50 Rg'5 Rg'5o Rg'5s R3'54 Rgs5
a? Te Te cT=Tb cT=Tb Te
a a=ab a=ba a=ab a=ba a a
1 1 1 1 1 b b
b=ca=cT=ab=Tb b=ba b=ab b=ba b=ab 1 1
c=ac=Tc c=cT=ac c=cT=ac c=Tc c=Tc c=bc=Tc c=bc=ac
b2
6,1 6,1 6,1 6,1 6,1 6,1 6,1
R3'56 Ry'57 Ry'5s Ry'59 R3'60 Ry Ry
Te Te Te Tc a2 ab
a=ac a=ac a a=>b? a=>b2 a=b%=ac a=ab a
b b=bc b b b b=bc b b
1 1 1 1 1 1 1 1
c=bc c c=bc=Tc¢ c=bc=Tec¢ c=bc=ac c c=bc=Tc c=bc=Tec
c
6,1 6,1 6,1 6,1 6,1 6,1 6,1 6,1
Ry Ryy Ry Ry Ry7 Ry'g Ry Ry
a’>=Tec a’>=Tec ab=Tc a? ab ab
a=ac=ab a=ac=ab a=ac a=b? a=ab a a=b?
b b=bc b=bc b b b b
1 1 1 1 1 1 1
c=bc c c c=bc=Tc c=bc=Te¢ c=bc=Tec¢ c=bc=Tec¢
2 c? 2
6,1 6,1 6,1 6,1 6,1 6,1 6,1
Ry Ry1o Ryis Ry4 Ry1s Ri16 Ry'17
b2 2=Tec ab=Tc b2=Tc ab b2 Te
a a a=b%=ac a=ac a=b? a a
b b=bc=ac b=bc b=bc b b b
1 1 1 1 1 1 1
c=bc=Tec c c c c=bc=Tc c=bc=Tc c=cT=bc=ac
2 c?
6,1 6,1 6,1 6,1 6,1 6,1 6,1
Ryig Ry'g Ry'5 Ryoy Ry'5 Ryos Ryoy



cT Tc Tc Te Te Te cT
a a=ac a=ca a=ac a=ac a=>b? a=b?
b b b b=bc b=cb b b
1 1 1 1 1 1 1
c=bc=Tc¢ c=ca=bc c=bc=ac c=cb c=bc c=cT=bc=ac c=bc=Tc
6,1 6,1 6,1 6,1 6,1 6,1 6,1
Ry Ry'5 Ry'o7 Ry5s Ry'59 Ry’50 Ry5
ba a?=Tec a’?=Tc ab=Tc ba=Tec ab
a=ab a=ac=ab a=ac=ab a=ba=ac a=ac=ab a=ba
b b=bc b=cb b=bc b=bc b
1 1 1 1 1 1
c=bc=Tc¢ c=cb c=bc c c c=bc=Tc
2
6,1 6,1 6,1 6,1 6,1 6,1
Ry53 R34 Ry '35 Ry'56 Ry 37 Ry 35
=Tec =Tec a? ab
a=ac a=ca a a a=b? a=bc a=ac=ab a=
b=ca=bc b=bc=ac b b=c? b=bc b b b
1 1 c c c c c
c c 1 1 1 1 1
6,1 6,1 6,1 6,1 6,1 6,1 6,1 6,1
Ry Ry R5 Rs Ry Ry R3's Ry’
a? ac ab b2 b’=ac b?
a=bc a=c? a=ac=ab a a=b*=ac a=ac a a=bc=
b=c> b b=c? b=c? b=bc b=bc b=bc b
c c c c c c c c
1 1 1 1 1 1 1 1
6,1 6,1 6,1 6,1 6,1 6,1 6,1 6,1
Ry'g Ryq Rso R5q Rs'1o Rs's Rs4 Ry'5
b2=ac be ac b2=ac be 2
a=bc a a=c2=b> a=c*=bc a=c? a a=bc a=cb
b=c? b=c? b b b b b=cb b=bc
c c c c c c c
1 1 1 1 1 1 1 1
6,1 6,1 6,1 6,1 6,1 6,1 6,1 6,1
Rs'17 Rs's Rs'g R5'50 Rs'5 Rs5 Ry55s R5o4
ba ac ca=ab b%=ac b2 ca=b? be
a=ac=ab a=ca a=ac a=ca a=bc=ac a=ac a
b b b b=bc b=cb b=bc b=cb
c c c c c c
1 1 1 1 1 1
6,1 6,1 6,1 6,1 6,1 6,1 6,1
Rs56 Ry o7 Rg5s R559 R5'50 Ry'5q Rg'5o
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ab
a=ba
b
1
c=bc=Tec¢
32
ba
a=ab
b
1
c=bc=Tc
2
1
39
ac
a
b
c
1
6,1
Rz
be
a
b
c
1
6,1
R5,16
ab
a=ba=ac
b
c
1
25
b2
a=cb=ac
b=bc
c
1
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cb=ac be cb=ac ac ca ac ca be
a a=c%*=ch a=c*=be a=ca=ba a=ac=ab a=ca=ba a=ac=ab a=ca
b=bc b b b b b=c? b=c? b=cb
c c c c c c c c
1 1 1 1 1 1 1 1
6,1 6,1 6,1 6,1 6,1 6,1 6,1 6,1

R5,34 R3'35 R334 R3's7 R3'5s R3'59 R340 Ry

be cb cb

1
a
b
c=ac=abl d=da=ba
ca=b’=ad

Rijzgo
a 1 1 1
b=ba a=Ta a=Ta a=Tc=Ta
c=ca d=da b=Tb c=Tc b=Tb c=Tc b=Tb c
ab be a? a?
R, RS RS RS’

2,4
c

, )3

1 1 1

a=Tb=Tc=Ta a=Tc=Ta a=cT=Ta Tb=Tc=Ta
b c b=Tb c=cT b=Tb c=Tc b=bT

2 2 02

1

a=

a a2
6,2 6,2 6,2 6,2
R2,5 R2,6 R2,7 Rz,s
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1
a=Tb=Tc=Ta
b=bT c=cT b=bT
2
Rgfo
Te Te
a a a=ac
b b b
1 c=bc=Tc 1 c=bc=ac 1 c=bc
6,2 6,2 6,2
R} Ry Rys
a’=Te¢
a=ac=ab
b
1 c=bc 1
Ry
ac ac 2 Te
a a=c2=b? a a
=c?=bc b b b
1 c 1 c 1 c 1 c=cT=bc=ac
6,2 6,2 6,2 6,2
Ryi4 Ry3s Ry%6 Ry17
cT Te Te ac
a a=ac a=ca a=ca=ba
b b b b
1 c=bc=Tc 1 c=ca=bc 1 c=bc=ac 1 c=bc
6,2 6,2 6,2 6,2
Ryig Ryg Ry'% Ry%
ac 1 1
a=ba a=ab a a
b c b c
1 c=bc=Tc d=bc d
bc=ad
6,3 6,3
Ry Ry
1 1
a a a a
b c=a? b c=a? b c b c
d=bc=ab d d= bc cd ab d=a? d
be=ab b2 a?
6,3 6,3 6,3 6,3 6,3
Ry’s Ry’y Ry’ Ry7 Ry’g
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d=bc=c?>=ab=a>
b =ad

| Rl RI%
1 1
a
b c b éc b
d=b*=cb=c?=a’ d=dc=bd=bc=ad
be=ad cb
R?:i R?:%
1 1 Te
a a 1
b c=a’ b E@ccﬁ a b a=cT=aT
d=cd=ab d=dc=ba c=ab
ba ab
Ri%s Ri%50 Ry
Tb Te Tc
a ia ia a
1 b=ab 1 b=ab 1 b=bc=Tb 1
c=bc=Tc c=bc=ac c c
R3 Rgs; RS Rg;
Tb
a a
1 b=ab 1 b=ab=Tb 1=b?
;cbcTC icbchTc
2
Ry Ry

a
1 1 b=ab=Tb
c=b*>=ac=Tc
be
ERE
b?=Tc
a
1 1 b=bc=ac
c

6,3
Ry
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Tb bT Tc cT=Tb
a a a a
1 b=bT=ab 1 b=ab=TD 1 b=ab 1 b=ab
c=bc=Tec¢ c=bc=Tc c=cT=bc=ac c=bc=Tc
6,3 6,3 6,3 6,3 6,3
R3,22 R3,23 R3,24 R3,25 R3,26

a a
1 b=ab=Tb 1 b=ab=Tb 1
c=bc=Tc c=cb=ac=Tc
cb be
Rg,g? Rgﬁs

a a
b=ab=Tc=Tb 1 b=cT=ab=Tb
c=cT=ac c=ac=Tc
b2 b2
6,3 6,3
R3,35 RS,SG
Tec Te Te cT
a a a a
1 b=bc=ab 1 b=cT=bc=bT=ab 1 b=cb=ca=ab 1 b=bc=Tb
c=cb=ca c c=bc=ac c
6,3 6,3 6,3 6,3
R3,37 R3,38 R3,39 R3,40
cT
a a a a=bc
1 b=bc=Tb 1 b=cb=cT=Tb 1 b=cb=ca=Tb b c
c=cb=cT c=bc=Tec c=bc=Tc 1
6,3 6,3 6,3 6,3 6,3
R3,41 R3742 R3743 R3,44 R4,1
bc=ab be=c?=ab
=be=c? a =b>=bec=c? a
b c b c b c b c
1 1 1 1
6,3 6,3 6,3 6,3
Ry5 R4,3 Ry R4,7




22 NICK GALATOS AND PETER JIPSEN

b2 :cQ Cb
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1 a=ac=Ta 1 a=ca=cT=ab=Ta a=ab=Ta
b b =ba=bT
c=ca=c T c=Tec c=Te
6,4 6,4
Ry6o Rygs

a=ab=Ta
b
c=cb=ca=Tc
ac
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ab b=b>
a b a=ac b=bc a b
1 1 1
c=ac=bc=Tc c =ac=bc=Tc c=ac=bc=Tc
RS RS i !
b=b>=Tc b=b? =ab=b*=
a=ac b=bc a b b=bc
1 1
c c=ac=bc=Tc
2
R5s RS

ab h=b2 ab=bc ab=bc =ab=b? 2=ab=bc
a b a b=be a b a=c? b b=be a=ac b
¢ ¢ c c ¢
1 1 1 1 1
m o

) 4,5

ac=bc ac= bc ab=bc
a b a=c? b=cb

c

1

6,4 6,4
Ry7 4,8 Ry

a=ac b=bc a=caq b a=ac b a=caq b=bc

%1
41 R?Lfl
b=a? ac=bc ca=ab=bc % c= bc cb=ac

6,4 6,4 6,4 6,4
R4,13 Ry1y Ryy5 4,1 R4,17
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ca=cb Tb Te
a=ac b=bc a=Ta 1 1 a=Ta
c 1 b=ab=Tb a=ab=Ta b a=ac=ab=Ta b 1 b=ab=Tb
1 c=bc=Tc c=Tc c c=Tc
ac ac
6,4 6,5 6,5 6,5 6,5
R4718 Ry R2,2 R2,3 R2,4
a=Ta a=Ta a=Ta a=Ta a=Ta
1 b=ab=Tb 1 b=ab=Tb 1 b=c2=Tb 1 b=Tb 1 b=ab=Tb
c=ac=Tc¢ c=be=Tc¢ c c=bc=ab=Tc c=be=b*=Tc
be c?
6,5 6,5 6,5 6,5 6,5
R2;5 R2;6 R2,7 R2,8 Ry'y
Tc Tc JTe=Ta
a=Ta 1 1
a=ac=ab=Ta b 1 b=ab=a*=Tbh a=ac=ab=Ta b a=ac=ab b
c=b? c=bc=Tc c c=a?
2
6,5 6,5 6,5 6,5
Rz,lo R2,11 R2,12 R2,13
I=Tec
1 a=Ta a=Ta a=Ta a=Ta
a=ac=ab b 1 b=Tb 1 b=ab=Tb 1 b=Tb 1 b=ab=Tb
c c=Tc c=Tc c=ac=ab=Tc c=ac=Tc
ab b2=ac b2 b2
6,5 6,5 6,5 6,5 6,5
R2,14 R2,15 R2,16 R2,17 RQ, 8
a=Ta a=c*=Ta a=Ta a=Ta
1 b=ab=Tb 1 b 1 b=ab=a*=Tbh 1 b=ab=a*=Tb
c=b’=ac=Tc c c=Tc c=bc=Tc
be ac 2
6,5 6,5 6,5 6,5
R2,19 R2,20 R2721 R2,22
a=Ta a=Ta a=Ta
1 b=c*=a*=Th 1 b=Tbh 1 b=a*=Tbh a=ac=ab=Ta
c c=bc=a*=Tc c=bc=ab=Tc
6,5 6,5 6,5
Ry5s Ryoa Ryas
Te=Ta 2=Te¢
1 1 a=Ta a=Ta a=Ta
a=ac=ab b a=ac=ab b 1 b=Tb 1 b=Tb 1 b=a?=Tb
c=a’=b? c=b? c=Tc c=a’=Tec c=Tc
a? ab ab
6,5 6,5 6,5 6,5 6,5
R2,27 R2,28 R2,29 Rz,so R2,31
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2
a=Ta a=Ta a=Ta a a=Ta
1 b=Tb 1 b=a’=Tb 1 b=Tb 1 b 1 b=ab=Tb
c=ab=a?=Tc c=ab=Tc c=b*=a?=Tec c c=ac=Tc
b’=ac b’=ac ac ca=bc
Rg:gz Rg:g:a RS;§4 Rg:gs Rg:§6

a=Ta a=Ta a=Ta a=Ta

1 b=ab=Tb 1 b=ab=Tb 1 b=ab=Tb 1 b=ab=Tb
c=ca=Tc c=bc=Tc c=cb=ac=Tc c=bc=ba=Tc

ac cb bc
¢ .

a=Ta a=Ta a=Ta a=Ta a=Ta

1 b=ba=Tb 1 b=ab=Tb 1 b=ba=Tb 1 b=ab=Tb 1 b=ab=Tb
c=bc=ab=Tc c=Tc c=Tc c=ac=Tc c=ba=ac=Tc

ba=ac ab ca=b? b?

=
b
w o
3
=
=
w Tt
oo
=
[ R
o
©
=
N
=
o

6,5 6,5 6,5 6,5 6,5
Ry'sq Ryyo Ry'ys Ry'4y Ryys
a=Ta a=Ta a=Ta a=Ta
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R3'55

Te c?
a=c? a
b=bc=ab=Tb CllC b=bc=ab=Tb CllC
6,12 6,12
R373 R3,4
2
a
b=bc=ab=Tb alc
b2
6,12
R3,7
Tb=Tec
=bc
b=c*=ab b%—ac
6,12
R3,11
2=be=c? =bc=c*=ac
b=ab I
— ac
“ 1
6,12 6,12
R:>,,1r R3,16
2—qc=a> =ab=ac=a?
a —
b=be=ab="Tbh X b”2
b2
6,12 6,12
R3;19 R3,20

c=c*=ab=ac=a>

a=b?
1

6,12
R3'53

=c?=ab=ac=a
a=bc

-é?

6,12
R34
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2=be=c*=ab=ac=a? 2—qc 2—cq 2—qc
a a a a
b 1 b=bc=ab=Tb Cil b=bc=ab=Tb Cllc b=bc=ab=Tb Cil
b2
6,12 6,12 6,12 6,12
R3'55 Rg'56 R3o7 Rg’5s
2=be=c?=ac 2=bc=c?=ca 2=bc=c?=ab=ac
a a a
b=ab Ca b=ab ac b=ba
1 1 1
6,12 6,12 6,12
R3'55 3,31 R3'35
2=be=ba=c*=ac 2=cb=c?=ab=ac=a? 2=bc=c?=ab=ac
a a=bc a
b=ab b b=b ca
“ 1 1 “ 1
6,12 6,12 6,12
Ry'53 Ry'5; Rg'55
2=be=c*=ca=ab 2=be=ba=c*>=ca
i 1t a=Ta a=c*=Ta
b=ba ac b=ab ac 1 1
1 1 b=ab= c=ac=Tc b=bc=ab= c
be
6,12 6,12 6,13 6,13
Ry'56 Ry57 Ry Ry
1 a=bc=c*=ab=Ta 1 a=b*=bc=c?>=Ta 1 a=Ta
c=b? c b= c=ac=a*=Tc
bc=ab
6,13 6,13 6,13
Ry} Rys Rl
2=be=c>
a=Tc=Ta a=Ta a a
1 1 1 b=ab=Tb
b=bc=c?>=ab=a’= c b= c=Tc c c=ac=Tc
a? be
6,13 6,13 6,13 6,13
Ry’ Ry'g Ryg Ry
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Te Tc 2—ab
a =c2= a
b=bc=ab=Tb b=bc=ab= Tb@ b=bc=ab=Tb a=c’=ac
c=ac c c=bc=ac=Tc

6,13 6, 13 6,13 6,13
Ry Ry3 R34 Ry's
Tc Te=Tb 2=Tec c=b%*=ab
a a a a
b=bc=ab=Tb b=bc=ab b=bc=ab b
c=ac c=b%=qc c=ac c=ac
b2
6,13 6,13 6,13 6,13
Ry Ry7 Rgs R3
Te Tce=Tb
a=ac 2
b=bc=ab=Tb b=bc=ab a=b"=ac
c=bc=ac=Tc 1= c 1= c
b2
6,13 6,13
Ry Ry,
Tc Te=Tb 2=Tec
_2_ _2_32_ _2_
b=bc=ab=Tb ame=ac b=bc=ab a=c'=b =ac b=bc=ab a=e=ac
c c c
b2
6,13 6,13 6,13
R3y R3'15 R3'16
b2=ab 2 c=b*=ac=ab 2
_ a a a
=c*=ac b=bc=ab=Tb b=c? b=bc=ab=Tb
c c c
b2
6,13 6,13 6,13 6,13
R3'17 Rss R R3'50
2=bc=ab 2=bc=ab =bc=b’=ab b?>=ab c=b?
a =p? a
b b a=b b=cb=ab
c=b? c c=cb=cT=ac c=ac
6,13 6,13 6,13 6,13 6,13
Ry'51 Rg3'55 Ry'o5 R’y R3'55

cb= b2 b=b*=Tc b=b’=Tc
a = —c2=
b=be=ba b=cb=ab o=ct=ac b ame—ac
c=bc=ac=Tc c=ac c

6,13 6,13 6,13 6,13
Rgo6 Rgo7 R3'5% R329
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Ta a?
=7 b=Tb = a
“q b—ab=Tb b=ab=Tb
c=ac=ab=bc=Tc¢ c=ac=Tc c=ac=Tc
be be
6,14 6,14 6,14
R2,1 R2,2 R273 )
ab ab
b=Tb b b
c=ac=bc=Tc¢ c=ac=bc=T¢
c=cb=ac=ab=Tc 1 1

2=qc=ab=bc=b? 2=qb=b>

\.

c=ac=bc=TcQ

2—ac=ab=bc 2=ca=ab=bc 2=ca=ab=bc=b?
b b \- b
c=ca c=ac c=ac
1 1 1

6,14
R3,19
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b=bc=Tb b=c?
2—ch=ac=ab b=ab=Tb a=ac=Ta a=ab=ac=Ta
b Ja 2 Jb=Tc
c=ca=bc
1 1=a2 c:ac:Tc 1 c 1:bcc_b2
be ab
R ) s R

a=ab=ac=Ta

6,15
Ry

a=ab=ac=Ta

b=ac
a=bc
Ja=Tb=Te¢
1—a2—b2—6202ab
Ry’
b=a?
ac=b%=bc=c*=Ta
1 c=ab
Ry15

a2=ac=b*>=bc=c?
1 c=ab

6,15 6,15
Ryy5 Ry'6

b2 =bc=c
e
Ry

2=ab=ac=b%=bc=c?

<

Oc

b=c?

a=ab=ac=Ta

6,15
RQ,N

a=ab=ac=Ta

a=ab=ac=Ta

2 Jb=Tc be=c2=Tbh b2 =be=c?
1=bc C:b2 1 C:b2 1 4’»’
a2 a2 a?
RO15 RO:15 RO:15
2,6 2,7 2,8
b=ac
a=b%=c> b=ac
Ja=Tb=Te P=bc=c?=Ta
1_a2_bcc=ab 1=a? c:ab
Ry B3
b=a?=c? b=a2
ab=ac=b*=bc=Ta ab=ac=b*=bc=c*=Ta
B B
i o

a®2=ac=ba=b*=bc=c?
1 c:ab



