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INTRODUCTION 

The construction considered in these notes is based on a very simple idea. Let 

(A, G 1) and (B, G2 ) be two group representations, for definiteness faithful and finite

dimensional, over an arbitrary field. We shall say that a faithful representation (V, G) 

is an extension of (A, G 1) by (B, G2 ) if there is a G-submodule W of V such that 

the naturally arising representations (W, G) and (V/W, G) are isomorphic, modulo 

their kernels, to (A, G 1) and (B, G2) respectively. 

Question. Among all the extensions of (A, G 1) by (B, G2), does there exist 

such a "universal" extension which contains an isomorphic copy of any other one? 

The answer is in the affirmative. Really, let dim A = m and dim B = n, then 

the groups G1 and G2 may be considered as matrix groups of degrees m and n 

respectively. If (V, G) is an extension of (A, G 1) by (B, G2 ) then, under certain 

choice of a basis in V, all elements of G are represented by (m + n) x (m + n) mat

rices of the form 

l~1- ~ ~-J h I g2 
I . 

(*) 

where gi E Gi · It is now clear that the natural representation (A \9 B, G*) where G" 

is the group of all possible matrices of the form (*) is the desired "universal" exten-

sion. Forestalling events, let us say that it is the representation (A \9 B, G') that is 

called the triangular product of the representations (A, G 1) and (B, G2). It is the 

simplest example of this construction which, in general, relates to arbitrary represen

tations over arbitrary commutative rings. 

Despite its naturality and transparency, the construction of triangular product 

appeared in an explicit form only in 1971. It was introduced by Plotkin [50J with the 

purpose of investigating the semigroup of varieties of group representations. Very soon 

t he construction turned out to have a number of interesting applications in other fields 

of algebra, and it was successfully used by many authors. Unfortunately, the correspon

ding results are rather disorderly scattered over the literature, some of them have 

been published in the editions which are not widely distributed (this also relates to the 

initial Plotkin i;S paper), but some of them have not yet been published at all. This 



explains why a new man wishing to acquire the subject encounters a number of difficul

t ies,not only of .mathematical nature. 

The aim of the present notes is threefold. First, we try to present a detailed and 

self-contained account of what have been already done in the area. Second, we hope to 

persuade the reader that the technique of triangular products may be successfully ap

plied to the investigation of quite concrete and long-familiar algebraic objects, such as 

augmentation ideals and dimension subgroups, triangular matrix groups and algebras, 

representations of lattices. Finally, we would like to point out some open questions 

which seem to be rather interesting. 

Although the greater part of the material in these notes is not new, there is a 

number of places where the existing work has been simplified or generalized. Besides, 

t here are several novel results - for instance, Theorems 9,8, 12. 1 and their corolla

ries, Proposition 8.5. 

The paper consists of two chapters. Chapter 1 deals with triangular products 

themselves, and its results show that this construction is of certain own interest. First, 

t he triangular product is a functor from the category of group representations to itself 

which, under certain hypotheses, is left or right exact. Further, the triangular product 

can be defined as a universal object in a special category. It is also of interest that arty 

two triangular decompositions of a given faithful representation have mutually conjugat

ed refinements - the result which to some extent reminds of the classical Krull-Remak

Schmidt Theorem. Finally, the triangular product agrees very well with the mUltiplicat

ion of varieties of group representations: for instance, if ~ 1 and ~ 2 are arbitrary 

representations over a field, then 

Chapter 2 is devoted to various applications of triangular products. Without going 

into details, let us note here some typical consequences which follow from the main 

results of this chapter. 

1. The semigroup of T-ideals of an absolutely free associative algebra over a 

field is free. 

2. If K is an integral domain, then the following identity forms a basis for the 

identities of the full triangular representation (Kn , T (K)): 
n 

if \K*I = 00 , 

if IK*\ =m<oo. 

3. If K is an integral domain, a complete description of the identities of the 

full triangular group Tn (K) is given; for example, if K is a field of characteristic 
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0, then these identities are generated by 

[[Xl' Yl]' [x2 , Y2]' ••• , [xn' YnJ]· 
4. Let K be a Dedekind domain, P its field of fractions and F an absolutely 

free group. If I and J are completely invariant ideals of the group algebra PF, then 

IJ n KF = (I n KF)(J (\ KF). 

5. For every integer n :;.. 0 there exists a finite group G such that the augmen

t ation terminal of the group ring ZG is not less than w + n where w is the first 

infinite ordinal. 

6. For every group G and every field K 

S leG, K) = S 2(G, K) = ••• = 8 2(G, K); w+ w+ w 
here Sri.. (G, K) is the o<.-th dimension subgroup of Gover K. The full description 

of these subgroups in group theoretic terms is given. 

7. If G is a periodic group, then 

8W+l(G,Z)~ ow(G) 

where 0' w (G) is the w -th term of the lower central series of G. 

8. If L is a finite distributive lattice, then over an arbitrary field there exists a 

representation (V, G) such that the lattice of all G-submodules of V is isomorphic 

to L. 

The notes are completed with a brief appendix on triangular products of certain 

other objects closely related to group representations. It begins with triangular pro

ducts of representations of associative and Lie algebras. The corresponding definitions, 

theorems and proofs are, as a rule, completely analogous to their "group" prototypes. 

I n particular, this allows to obtain in a uniform manner certain results on groups, 

associative algebras and Lie algebras which were earlier proved separately in each con

crete situation (note, for instance, the description of the identities of triangular matrix 

groups and algebras). In conclusion we consider triangular products of linear automata 

and discuss a little their applications to decomposition problems, which turned out to 

be rather encouraging. 

One object of these notes is to present all of the theory in a form understandable 

for many people. So, only the standard algebra background (say, Lang's "Algebra") 

plus a little bit from the theory of varieties of algebraic structures is presupposed of 

the reader. Furthermore, we also try to avoid long chains of logical cosequences: except 

Sections 1 and 2, on which the whole paper is based, all the other sections can be read 
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more or less independently according to the following scheme: 

1 

5 + - 2- 4_ 12 
8 -

+ 
3- lO- II 

I t 
7- 6- 9 

ACKNOWLEDGEMENTS 

I am greatly indebted to my teacher B. I. Plotkin who is the founder of the theory 

considered here, and from whom I gained much of my knowledge. I would like to expres, 

my sincere thanks to G. M. Bergman for his interest in these notes and the encourage

ment he has given me. 

My thanks go also to Mrs.Galina Kravtsova for her efforts and patience in typing 

this manuscript. 

Riga, March 1981 S.M. Vovsi 



CONTENTS 

Chapter 1. Triangular products ••••••••••••••.••...•••••.••.•.•••••••••.••• 

1. Preliminaries •••••••••••••••••••••••••••••••.•••••••••••••••••.• 

2. The definition and basic properties of triangular products.. •.•• •• •••• 13 

3. The Embedding Theorem. Connections with closure operations •••.•••. 22 

4. Generalized triangular products ••••••••..•.••..•.•.••.••••••••.••• 29 

5. Isomorphisms and automorphisms of triangular products............. 36 

6. Identities of triangular products ••••••••.••••.•••.••.••••••••.••••• 45 

Chapter 2. Applications •••.••.•.••.•••••••.•••••••••.•••...•••.••••••.•••• 57 

7. Identities of triangular matrix groups 

and their canonical representations .•••••.•.••.•••••••••••.••...••• 57 

8. Augmentation powers and dimension subgroups •..•..•••.• • • . • • • • . • • 62 

9. The semigroup of varieties of group representations 71 

10. The semigroups of radical classes and 

prevarieties of group representations •...••••...•...•••.••.•.••..•. 85 

11. Infinite products of radical classes and prevarieties •....••...•.••..• 99 

12. Invariant subspaces in representations ••.•.•••.•...•. " •.. • •••.•.. •. 107 

Appendix. Triangular products in related categories.... ••.• •. . .. •• .•. .• ••. .•. 115 

References .• • • • . . • . • • . . • . • • . . . . . . • • . • • . . • • • . • • • . • • . • . • • . • • • . . . . • • . • . . • • • •• 124 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




