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Preface 

It's bee n mor e tha n hal f a  centur y sinc e Alexande r Grothendiec k burs t ont o 
the mathematica l scene . Hi s natura l gif t fo r ap t abstrac t generalisation s wa s first 
tested i n th e aren a o f functiona l analysi s an d wa s no t foun d wanting . Hi s inbor n 
compass le d him to isolat e notions tha t wer e to play a  central rol e in the stud y an d 
the developmen t o f Banach spac e theor y t o thi s ver y day . 

He was the firs t t o formulate isomorphi c invariant s o f special Banach space s by 
comparing thes e space s with othe r Banac h space s via the bounde d linea r operator s 
between them . 

He caught an d hel d th e attentio n o f those tha t coul d appreciat e hi s ideas wit h 
concrete example s o f enduring importance . 

He recognize d th e importanc e o f th e natur e an d locatio n o f th e finite  dimen -
sional subspace s o f a  spac e an d utilize d suc h —  "local " theor y wa s born . 

He wa s th e first  analys t t o seriousl y chas e diagram s i n th e hope s o f catch -
ing essentia l isomorphi c characteristic s o f Banach spaces , an d catc h the m h e mos t 
certainly did . 

Nowhere ar e thes e innovation s mor e i n evidenc e tha n i n hi s infamous Resume . 
Produced durin g hi s years in Sao Paulo, the Resume set s forth Grothendieck' s pla n 
for th e stud y o f th e finer  structur e o f Banac h spaces . H e use s tenso r product s a s 
a foundatio n upo n whic h h e build s th e classe s o f operator s mos t importan t t o th e 
study an d establishe s th e importanc e o f th e "local " theor y i n th e stud y o f thes e 
operators an d th e space s the y ac t upon . Whe n i n th e lat e sixties , Jora m Lin -
denstrauss an d Aleksande r Pelczynsk i redresse d hi s Fundamental Inequalit y i n th e 
trappings o f operato r ideals , i t signale d th e rebirt h o f Banac h spac e theory . Th e 
ideas o f the Resume wer e demystified an d mad e palatabl e t o a  generation o f math -
ematical analysts . Banac h spac e theor y soo n attracte d a  sle w o f talente d youn g 
mathematicians who , wit h Lindenstraus s an d Pelczynsk i a t th e lead , establishe d 
the subjec t a s a  worth y ai d i n studyin g th e problem s o f mor e classica l aspect s o f 
mathematical endeavor , suc h a s harmoni c analysis , probability , comple x analysis , 
geometry o f convex bodies , rea l analysi s an d operato r theory ; a t th e sam e time th e 
study o f Banac h spac e theor y fo r it s ow n sak e became a  worthwhil e occupation . 

To b e sure , muc h o f th e succes s o f th e wor k o f Lindenstraus s an d Pelczynsk i 
is du e t o thei r sheddin g Grothendieck' s Fundamenta l Inequalit y o f it s mystifyin g 
tensorial formulation . Nevertheless , they too k not e of what the y ha d done . T o wit , 
"Though th e theor y o f tenso r product s constructe d i n Grothendieck' s pape r ha s 
its intrinsi c beaut y w e fee l tha t th e result s o f Grothendiec k an d thei r corollarie s 
can b e mor e clearl y presente d withou t th e us e o f tenso r products . Th e pape r o f 
Grothendieck i s quite har d t o rea d an d it s result s ar e no t generall y know n eve n t o 
experts i n Banac h spac e theory. " 

vii 
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What the y sai d i n th e lat e sixtie s stil l applies ! However , w e think th e Resum e 
still has much to offer an d we believe that it s contents are still worthy of close study; 
it i s to suppor t suc h a  view tha t w e devote thi s work . Mainl y w e have followe d th e 
path blaze d b y Grothendieck ; w e have presente d mos t o f th e argument s usin g th e 
machinery availabl e to him at th e time of discovery. T o be sure, Grothendieck kne w 
what mattere d t o Banac h spac e affair s i n grea t detai l an d use d hi s geniu s t o pu t 
much o f the bes t o f that materia l t o work efficiently an d effectivel y i n the executio n 
of his plan . Ther e ar e severa l junctures wher e "moder n technology " migh t shorte n 
some arguments ; usuall y w e relegate suc h t o ou r Note s an d Remarks . 

To ensur e a  clea r understandin g o f just wha t tool s wer e availabl e i n Grothen -
dieck's functiona l analysi s days , w e hav e include d severa l appendices . Thoug h w e 
sometimes op t fo r a  more moder n presentatio n tha n wa s availabl e i n the fifties , w e 
stay faithfu l t o th e formulatio n o f the result s a s use d b y Grothendieck . 

A brie f outlin e o f the content s follows . 
In Chapte r 1 , we present i n detai l th e basi c fact s an d feature s o f tensor norms , 

including ho w th e integra l bilinea r form s an d operator s deriv e fro m a  give n tenso r 
norm. Thi s chapter has been presented to a number o f defenseless graduate student s 
throughout th e year s an d th e leve l o f detai l i s a  consequence . Recal l th e word s o f 
Professor C . A. Rogers, who in the Introduction t o his treasured book on "Hausdorf f 
Measures", acknowledge s tha t hi s "boo k i s largely base d o n lectures , and , a s I  lik e 
my students to follow my lectures, proofs are given in great detail ; this may bore th e 
mature mathematician , bu t I  believe will  be a  grea t hel p t o anyon e tryin g t o lear n 
the subjec t a b initio. " W e hav e take n Professo r Rogers ' word s a s soun d advice , 
particularly i n ligh t o f the ari d natur e o f the initia l aspect s o f tensor norms . 

Chapter 1 , then , i s devote d t o th e stud y o f tenso r norm s an d th e operato r 
ideals generate d b y them . W e hav e inserte d examples , a s wel l a s som e simpl e 
computations, tha t w e believ e "wil l eas e th e pain " a  bit . Again , wit h a n ey e t o 
exposing th e seriou s studen t t o ho w th e mos t classica l tenso r norm s (th e projec -
tive an d injectiv e norms ) behave , w e hav e ende d Chapte r 1  with a n expositio n o f 
Grothendieck's treatmen t o f th e Dvoretsky-Roger s theorem . Her e w e se e ho w i n 
infinite dimensiona l Banac h space s tha t th e collection s o f absolutel y p-summabl e 
series an d weakl y p-summabl e serie s constitut e vastl y differen t collection s whe n p 
is a  real number large r tha n o r equa l to 1 , we compare thes e collection s t o th e pro -
jective an d injectiv e tenso r product s o f the classica l sequence space s with a  genera l 
Banach spac e o f infinitel y man y dimensions . 

In Chapte r 2  the centra l rol e playe d b y C-space s an d th e L-space s i n Banac h 
space theor y i s firml y established . First , w e investigat e integra l operators , thei r 
remarkable characterizatio n i n terms o f factorization, an d th e relationship betwee n 
the differentiabilit y o f vector-value d measure s an d th e nuclearit y o f certai n oper -
ators actin g o n Lebesgu e spaces . Alon g th e wa y w e fin d tha t integra l operator s 
into L-space s ar e precisely thos e tha t tak e th e close d uni t bal l o f their domai n int o 
an orde r bounde d set . W e build o n thes e peculiaritie s (an d associate d phenomen a 
in C-spaces ) t o provid e a  platfor m fo r th e discussio n o f injectiv e an d projectiv e 
tensor norms ; her e th e seemingl y ari d wastelan d o f Chapte r 1  springs t o lif e an d 
we ar e rewarde d fo r ou r carefu l wor k b y th e shar p characterization s o f left , right , 
and two-side d injective/projectiv e tenso r norm s i n term s o f integra l form s an d op -
erators. W e then appl y thi s theor y t o loo k a t ho w variou s injectiv e an d projectiv e 
tensor norm s ar e derive d fro m a  given tenso r nor m an d tak e particula r pleasur e i n 
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pursuing th e natura l tenso r norms . W e close Chapte r 2  with a  partia l tabl e o f th e 
natural tenso r norms , comparin g thos e thu s fa r encountered . 

In Chapte r 3 , Hilbert space s join i n the fun . After  establishin g th e existenc e of 
the Hilbertian tensor norm H  and proving that th e H-integra l operators between two 
Banach spaces are precisely those that facto r throug h a  Hilbert space , H  is shown to 
be injective an d s o is easily comparable t o the injective hul l of the projective tenso r 
norm, the so-called pre-integra l norm. W e briefly investigat e the hermitian H-form s 
and thei r compadre s th e hermitia n H*-forms ; surprisin g measure-theoreti c conse -
quences ar e drawn . Thi s i s followe d wit h th e proo f o f wha t i s no w know n a s "th e 
little Grothendiec k theorem" , whic h ha s as a  corollary th e fac t tha t o n the produc t 
of C-space s th e H-form s an d H*-form s coincide . W e clos e the chapte r relatin g th e 
various classe s o f integral operator s relativ e t o the natura l tenso r norm s wit h idea s 
from th e classica l theory o f operators betwee n Hilber t spaces . Th e Hilbert-Schmid t 
operators ar e show n t o coincid e wit h thos e operator s betwee n Hilber t space s tha t 
factor throug h a n L-space ; alternativel y the y ar e show n t o b e precisel y thos e tha t 
factor throug h a  C-space . A  remarkabl e consequenc e o f th e loca l characte r o f th e 
classes o f integra l operator s appear s herein : Ever y Hilber t spac e i s simultaneousl y 
isomorphic t o a  subspac e o f a n L-spac e an d a  quotien t o f a  C-space . I t i s als o 
shown tha t ever y operato r fro m a n L-spac e int o a  Hilber t spac e ca n b e extende d 
to an y large r domai n i n a  continuou s linea r fashion . 

Chapter 4  i s wher e th e fundamenta l theore m o f th e metri c theor y o f tenso r 
products i s first  formulated . Followin g Grothendieck , w e giv e a  numbe r o f it s 
consequences a s wel l a s his origina l proof . 

Throughout th e tex t w e have included a  number o f Notes an d Remark s which , 
we hope , roun d ou t th e presentation . W e hav e trie d t o sta y t o th e poin t an d 
that is , a s w e se e it , t o expos e th e Resume . Followin g th e mai n text , w e hav e 
four appendices . Th e first  discusse s th e solution s t o th e ope n problem s liste d b y 
Grothendieck. Sinc e the solution s t o thes e problem s involve d notion s tha t evolve d 
later tha n th e appearanc e o f th e Resume , w e hav e include d a  ver y brie f Glossar y 
of terms . Wit h thes e term s i n hand , th e discussio n o f th e problem s ough t t o b e 
sufficient t o give an overview of the disposition of these problems and their solutions . 

There follo w thre e mor e appendice s wherei n w e discus s result s tha t Grothen -
dieck use d tha t ar e critica l t o th e understandin g o f the Resum e bu t ar e somewha t 
scattered acros s th e literature . Her e we bow to the go d o f convenience, usin g mod -
ern exposition s i n orde r t o eas e th e pai n somewhat . 

We woul d b e remis s i f w e di d no t acknowledg e th e wor k o f man y other s o n 
tensor product s an d operato r ideal s that influence d ou r work . Th e aler t reade r wil l 
find commentar y o n the works o f these mathematician s i n our Notes  and  Remarks, 
which ar e scattere d throughou t thes e deliberations . 

To be sur e w e make specia l mentio n her e o f the work s o f Amemiy a an d Shig a 
(1957), Lindenstraus s an d Pelczyhsk i (1968) , Gilber t an d Lei h (1980) , Pietsc h 
(1980), an d Defan t an d Flore t (1993) . Eac h ha s clarifie d fo r u s man y o f th e 
mysteries encountere d i n th e Resume. 

A recen t additio n t o th e literatur e o n tenso r product s i s th e charmin g boo k 
by RayRya n (2002 ) "Introductio n t o Tenso r Product s o f Banac h Spaces" ; thos e 
who ar e neophyte s i n tenso r product s wil l find  Ryan' s treatmen t sympatheti c an d 
comforting. 
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The first  autho r wa s the beneficiary o f many informa l tutorial s from Da n Lewi s 
throughout th e seventies; during these sessions, Dan would construct diagram s fro m 
analytical dat a an d sho w ho w t o us e them . Som e (bu t no t all ) o f thes e tutorial s 
took. Regardless , thank s Dan . 

We gaine d a  grea t dea l b y detaile d criticis m o f Chungsu n Cho i an d Daniel e 
Puglisi wh o rea d a n earlie r versio n o f thi s manuscript . W e ow e t o Ignaci o Villa -
neuve, the Grea t Cartographer , direction s t o the elegan t proo f o f Proposition 4.1. 4 
saving th e perseverin g reade r muc h pai n (ha d the y ha d t o rea d ou r versio n o f th e 
same proof) . Th e reviewer s made comment s tha t als o improved th e tex t i n variou s 
places and Haskel l Rosentha l gav e us some invaluable criticis m a s well as letting u s 
introduce herei n hi s notion o f C-LUST; h e also provided u s with Theore m A.2. 4 t o 
highlight th e potentia l rol e t o b e playe d b y C-LUST . 

Through th e year s w e hav e lecture d o n thi s subjec t matte r a t variou s insti -
tutions. W e wis h t o than k th e Mathematic s Department s fo r thei r hospitality . 
We particularl y wis h t o than k thos e Department s a t th e Universit y o f th e An -
des i n beautifu l Merida , Venezuela , Ken t Stat e University , North-Wes t Universit y 
(Potchefstroom) an d th e Universit y o f Pretoria . 

Our note s wer e classroo m teste d an d w e owe a  grea t dea l t o ou r student s an d 
kind colleague s wh o sa t throug h th e lectures . Amon g those , w e make specia l not e 
of Pau l Abraham , Mari a Acosta , Raymund o Alencar , Joh n Alexopoulos , Mana s 
Bapela, Diomede s Barcenas , Nilso n Bernarde s Jr. , Jua n Bes , Qingyin g Bu , Car -
men Silvi a Cardassi , Padd y Dowling , Rocc o Duvenhage , Barbar a Faires , Ceceli a 
Fernandez, Chri s Lennard , Makwen a Maepa , Davi d Perez-Garcia , A . K . Rajappa , 
Mark Smith , Anto n Stroh , Andre w Tonge , Gust i va n Zyl , an d Graem e West . 



Bibliography 

Alon, N . an d Naor , A . (2004) . Approximatin g th e cut-nor m vi a Grothendieck' s 
inequality. I n Proceedings  of  the  36th  Annual  ACM  Symposium  on  Theory  of 
Computing, page s 72-8 0 (electronic) . ACM , Ne w York . 

Amemiya, I . an d Shiga , K . (1957) . O n tenso r product s o f Banac h spaces . Kodai 
Math. Sem.  Rep.,  9  161-178 . 

Amir, D. (1962). Continuous functions' space s with the bounded extension property . 
Bull. Res.  Council  Israel  Sect.  F,  10 F 133-13 8 (1962) . 

Argyros, S . A . (1983) . O n th e spac e o f bounde d measurabl e functions . Quart.  J. 
Math. Oxford  Ser.  (2),  34(134 ) 129-132 . 

Argyros, S . A. , Castillo , J . F. , Granero , A . S. , Jimenez , M. , an d Moreno , J . P . 
(2002). Complementatio n an d embedding s o f co(I)  i n Banac h spaces . Proc. 
London Math.  Soc.  (3),  85(3 ) 742-768 . 

Arregui, J . L . an d Blasco , O . (2002) . (p,  ^-summing sequences . J.  Math.  Anal. 
Appl, 274(2 ) 812-827 . 

Bade, W. G . (1971) . The  Banach  space  C(S). Lectur e Notes Series, No. 26. Matem-
atisk Institut , Aarhu s Universitet , Aarhus . 

Bishop, E . an d Phelps , R . R . (1963) . Th e suppor t functional s o f a  conve x set . I n 
Proc. Sympos.  Pure  Math.,  Vol.  VII,  page s 27-35. Amer. Math. Soc , Providence , 
R.I. 

Blecher, D . P . (1992) . Tenso r product s o f operato r spaces . II . Canad.  J.  Math., 
44(1) 75-90 . 

Blecher, D . P . an d Paulsen , V . I . (1991) . Tenso r product s o f operato r spaces . J. 
Fund. Anal,  99(2 ) 262-292 . 

Blecher, D . P . an d Smith , R . R . (1992) . Th e dua l o f the Haageru p tenso r product . 
J. London  Math.  Soc.  (2),  45(1 ) 126-144 . 

Bochnak, J . (1970) . Analytic functions i n Banach spaces. Studia  Math.,  3 5 273-292. 
Bombal, F. , Perez-Garcia , D. , an d Villanueva , I . (2004) . Multilinea r extension s o f 

Grothendieck's theorem . Q.  J.  Math.,  55(4 ) 441-450 . 
Bourgain, J . (1984) . Ne w Banac h spac e propertie s o f th e dis c algebr a an d H°°. 

Acta Math.,  152(1-2 ) 1-48 . 
Bourgain, J . (1986) . Rea l isomorphic comple x Banac h space s nee d no t b e comple x 

isomorphic. Proc.  Amer.  Math.  Soc,  96(2 ) 221-226 . 
Bourgain, J . an d Davis , W. J . (1986) . Martingal e transform s an d comple x unifor m 

convexity. Trans.  Amer.  Math.  Soc,  294(2 ) 501-515 . 
Bu, Q . (2003) . O n Banac h space s verifyin g Grothendieck' s theorem . Bull.  London 

Math. Soc,  35(6 ) 738-748 . 
Bu, Q . an d Diestel , J . (2001) . Observation s abou t th e projectiv e tenso r produc t o f 

Banach spaces . I . P%X,  1  < p  <  oo.  Quaest.  Math.,  24(4 ) 519-533 . 

261 



262 Bibliography 

Buhvalov, A . V. , Veksler , A . I. , an d Lozanovskii , G . J . (1979) . Banac h lattice s — 
some Banac h aspect s o f the theory . Russian  Math.  Surveys,  3 4 159-212 . 

Carne, T . K . (1978) . Tenso r product s an d Banac h algebras . J.  London  Math.  Soc. 
(2), 17(3 ) 480-488 . 

Carne, T . K . (1980) . Banac h lattice s an d extension s o f Grothendieck' s inequality . 
J. London  Math.  Soc.  (2),  21(3 ) 496-516 . 

Casazza, P . G . (2001) . Approximatio n properties . I n Handbook  of  the  geometry  of 
Banach spaces,  Vol.  I,  page s 271-316 . North-Holland , Amsterdam . 

Chevet, S . (1969) . Su r certain s produit s tensoriel s topologique s d'espace s d e Ba -
nach. Z.  Wahrscheinlichkeitstheorie  und  Verw.  Gebiete,  1 1 120-138 . 

Cohen, H . B. (1964) . Injective envelope s of Banach spaces . Bull.  Amer.  Math.  Soc, 
70 723-726 . 

Cohen, J . S . (1973) . Absolutel y p-summing , p-nuclea r operator s an d thei r conju -
gates. Math.  Ann.,  20 1 177-200 . 

Davie, A . M . (1975) . Th e Banac h approximatio n problem . J.  Approximation  The-
ory, 1 3 392-394. Collectio n of articles dedicated t o G. G . Lorentz on the occasio n 
of hi s sixty-fift h birthday , IV . 

Davis, W . J. , Figiel , T. , Johnson , W . B. , an d Pelczynski , A . (1974) . Factorin g 
weakly compac t operators . J.  Functional  Analysis,  1 7 311-327 , 

Davis, W . J . an d Johnson , W . B . (1974) . Compact , nonnuclea r operators . Studia 
Math., 5 1 81-85 . 

Defant, A . and Floret , K . (1993) . Tensor  norms  and  operator ideals.  North-Hollan d 
Publishing Co. , Amsterdam . 

Diestel, J. , Fourie , J. , an d Swart , J . (2003) . Th e projectiv e tenso r product . I . I n 
Trends in  Banach  spaces  and  operator  theory  (Memphis,  TN,  2001),  volum e 32 1 
of Contemp.  Math.,  page s 37-65 . Amer. Math . Soc , Providence , RI . 

Diestel, J. , Jarchow , H. , an d Tonge , A . (1995) . Absolutely  summing  operators, 
volume 43 of Cambridge  Studies  in  Advanced Mathematics.  Cambridg e Universit y 
Press, Cambridge . 

Diestel, J . an d Uhl , Jr. , J . J . (1977) . Vector  measures.  America n Mathematica l 
Society, Providence, R.I . Wit h a  foreword b y B. J. Pettis , Mathematica l Surveys , 
No. 15 . 

Dixmier, J . (1950) . Les fonctionnelles lineaire s sur l'ensemble de s operateurs borne s 
d'un espac e d e Hilbert . Ann.  of  Math.  (2),  5 1 387-408 . 

Dubinsky, E. , Pelczynski , A, , and Rosenthal , H . P. (1972) . O n Banach space s X  fo r 
which n2(£oo, X)  =  £(£oo , X).  Studia  Math.,  4 4 617-648 . Collectio n o f article s 
honoring the completion b y Antoni Zygmun d o f 50 years of scientific activity , VI . 

Dunford, N . an d Pettis , B . J . (1940) . Linea r operation s o n summabl e functions . 
Trans. Amer.  Math.  Soc,  4 7 323-392 . 

Effros, E . an d Ruan , Z.-J . (1994a) . Th e Grothendieck-Pietsc h an d Dvoretzky -
Rogers theorem s fo r operato r spaces . J.  Fund.  Anal,  122(2 ) 428-450 . 

Effros, E . G. , Junge , M. , an d Ruan , Z.-J . (2000) . Integra l mapping s an d th e princi -
ple of local reflexivity fo r noncommutativ e L 1-spaces. Ann.  of  Math. (2),  151(1 ) 
59-92. 

Effros, E . G. , Ozawa , N. , an d Ruan , Z.-J . (2001) . O n injectivit y an d nuclearit y fo r 
operator spaces . Duke  Math.  J.,  110(3 ) 489-521 . 

Effros, E . G . an d Ruan , Z.-J . (1990) . O n approximatio n propertie s fo r operato r 
spaces. Internat.  J.  Math.,  1(2 ) 163-187 . 



Bibliography 263 

Effros, E . G . an d Ruan , Z.-J . (1991a) . A  new approac h t o operato r spaces . Canad. 
Math. Bull,  34(3 ) 329-337 . 

Effros, E . G . an d Ruan , Z.-J . (1991b) . Self-dualit y fo r the Haagerup tenso r produc t 
and Hilber t spac e factorizations . J.  Fund.  Anal,  100(2 ) 257-284 . 

Effros, E . G . an d Ruan , Z.-J . (1994b) . Mappin g space s an d lifting s fo r operato r 
spaces. Proc.  London  Math.  Soc.  (3),  69(1 ) 171-197 . 

Effros, E . G . an d Ruan , Z.-J . (1997) . O n th e analogue s o f integra l mapping s an d 
local reflexivit y fo r operato r spaces . Indiana  Univ.  Math.  J.,  46(4 ) 1289-1310 . 

Effros, E . G . and Ruan , Z.-J . (2000) . Operator  spaces,  volume 2 3 of London Mathe-
matical Society  Monographs.  New  Series.  Th e Clarendon Press Oxford Universit y 
Press, Ne w York . 

Enflo, P . (1973a) . A  Banach spac e with basi s constant >  1 . Ark.  Mat,  1 1 103-107 . 
Enflo, P . (1973b) . A  counterexampl e t o th e approximatio n proble m i n Banac h 

spaces. Acta  Math.,  13 0 309-317 . 
Figiel, T . (1973) . Factorizatio n o f compac t operator s an d application s t o th e ap -

proximation problem . Studia  Math.,  4 5 191-210 . (errat a insert) . 
Figiel, T . an d Johnson , W . B . (1973) . Th e approximatio n propert y doe s no t impl y 

the bounde d approximatio n property . Proc.  Amer.  Math.  Soc,  4 1 197-200 . 
Fishburn, P . C. and Reeds , J . A . (1994) . Bel l inequalities, Grothendieck' s constant , 

and roo t two . SIAM  J.  Discrete  Math.,  7(1 ) 48-56 . 
Fourie, J . H . an d Rontgen , I . M . (2003) . Banac h spac e sequence s an d projectiv e 

tensor products . J.  Math.  Anal.  Appl,  277(2 ) 629-644 . 
Fourie, J . H . and Swart , J . (1981) . Tenso r product s an d Banac h ideal s of p-compact 

operators. Manuscripta  Math.,  35(3 ) 343-351 . 
Freudenthal, H . (1936) . Teilweis e geordnet e Moduln . Proc.  Acad  Sci.  Amsterdam, 

39 641-651 . 
Gamelin, T . W . an d Kislyakov , S . V . (2001) . Unifor m algebra s a s Banac h spaces . 

In Handbook  of  the  geometry  of  Banach  spaces,  Vol.  I,  page s 671-706 . North -
Holland, Amsterdam . 

Garling, D . J . H . an d Gordon , Y . (1971) . Relation s betwee n som e constant s asso -
ciated wit h finite  dimensiona l Banac h spaces . Israel  J.  Math.,  9  346-361 . 

Gilbert, J . E . an d Leih , T . J . (1980) . Factorization , tenso r products , an d bilinea r 
forms i n Banac h spac e theory . I n Notes  in  Banach  spaces,  page s 182-305 . Univ . 
Texas Press , Austin , Tex . 

Gleason, A . M. (1958) . Projectiv e topologica l spaces . Illinois  J.  Math.,  2  482-489 . 
Godefroy, G. , Kalton , N . J. , an d Saphar , P . D . (1993) . Unconditiona l ideal s i n 

Banach spaces . Studia  Math.,  104(1 ) 13-59 . 
Godefroy, G . and Saphar , P . D. (1989) . Three-space problems for the approximatio n 

properties. Proc.  Amer.  Math.  Soc,  105(1 ) 70-75 . 
Goodner, D . B . (1950) . Projection s i n norme d linea r spaces . Trans.  Amer.  Math. 

Soc, 6 9 89-108 . 
Gordon, Y . an d Lewis , D . R . (1974) . Absolutel y summin g operator s an d loca l 

unconditional structures . Acta  Math.,  13 3 27-48 . 
Gordon, Y. , Lewis , D . R. , an d Retherford , J . R . (1973) . Banac h ideal s o f operator s 

with applications . J.  Functional  Analysis,  1 4 85-129 . 
Grothendieck, A . (1953) . Su r le s application s lineaire s faiblemen t compacte s 

d'espaces d u typ e C(K).  Canadian  J.  Math.,  5  129-173 . 



264 Bibliography 

Grothendieck, A . (1953/1956a) . Resum e d e l a theori e metriqu e de s produit s ten -
soriels topologiques . Bol.  Soc.  Mat.  Sao  Paulo,  8  1-79 . 

Grothendieck, A . (1953/1956b) . Su r certaine s classe s d e suite s dan s le s espaces d e 
Banach e t l e theoreme d e Dvoretzky-Rogers. Bol.  Soc.  Mat.  Sao  Paulo,  8  81-11 0 
(1956). 

Grothendieck, A . (1955a) . Produit s tensoriel s topologique s e t espace s nucleaires . 
Mem. Amer.  Math.  Soc.,  1955(16 ) 140 . 

Grothendieck, A . (1955b) . Un e caracterisation vectorielle-metriqu e de s espaces L 1. 
Canad. J.  Math.,  7  552-561 . 

Grothendieck, A . (1955c) . Un e caracterisation vectorielle-metriqu e de s espaces L 1. 
Canad. J.  Math.,  7  552-561 . 

Gurarii, V . I . (1965) . Th e inde x o f sequence s i n C  an d th e existenc e o f infinite -
dimensional separable Banac h spaces having no orthogonal basis . Rev.  Roumaine 
Math. Pures  Appl,  1 0 967-971 . 

Haagerup, U . (1985) . Th e Grothendiec k inequalit y fo r bilinea r form s o n C* -
algebras. Adv.  in  Math.,  56(2 ) 93-116 . 

Haagerup, U . (1987) . A  new uppe r boun d fo r th e comple x Grothendiec k constant . 
Israel J.  Math.,  60(2 ) 199-224 . 

Haagerup, U . and Musat , M . (2007) . Th e Effros-Ruan conjectur e fo r bilinea r form s 
on C*-algebras . Preprint . 

Hasumi, M . (1958) . Th e extensio n propert y o f comple x Banac h spaces . Tohoku 
Math. J.  (2),  1 0 135-142 . 

Havin, V . P . (1973) . Wea k completenes s o f th e spac e L 1 /HQ. Vestnik  Leningrad. 
Univ., 13(Mat . Meh . Astronom . Vyp . 3 ) 77-81 , 172 . 

Haydon, R . (1978) . O n dua l L 1-spaces an d injectiv e bidua l Banac h spaces . Israel 
J. Math.,  31(2 ) 142-152 . 

Isbell, J . R . and Semadeni , Z . (1963). Projection constant s and spaces of continuous 
functions. Trans.  Amer.  Math.  Soc,  10 7 38-48 . 

Jarchow, H . an d John , K . (1994) . Bilinea r form s an d nuclearity . Czechoslovak 
Math. J.,  44(119) (2) 367-373 . 

John, F . (1948) . Extremu m problem s wit h inequalitie s a s subsidiary conditions . I n 
Studies and  Essays  Presented  to  R.  Courant  on  his  60th  Birthday,  January  8, 
1948, page s 187-204 . Interscienc e Publishers , Inc. , Ne w York , N . Y . 

John, K . (1983) . Counterexampl e t o a  conjectur e o f Grothendieck . Math.  Ann., 
265(2) 169-179 . 

John, K . (1984) . Tenso r produc t o f severa l space s an d nuclearity . Math.  Ann., 
269(3) 333-356 . 

John, K . (1986) . Tenso r power s o f operator s an d nuclearity . Math.  Nachr.,  12 9 
115-121. 

John, K . (1990) . On the compact nonnuclea r operato r problem. Math.  Ann.,  287(3 ) 
509-514. 

Johnson, J . (1979) . Remark s o n Banac h space s o f compac t operators . J.  Funct. 
Anal, 32(3 ) 304-311 . 

Johnson, W . B . (1971) . Factorin g compac t operators . Israel  J.  Math.,  9  337-345 . 
Johnson, W . B . (1974) . O n finite  dimensiona l subspace s o f Banac h space s wit h 

local unconditiona l structure . Studia  Math.,  5 1 225-240 . 
Johnson, W . B. , Rosenthal , H . P. , an d Zippin , M . (1971) . O n bases , finite  dimen -

sional decomposition s an d weake r structure s i n Banac h spaces . Israel  J.  Math., 
9 488-506 . 



Bibliography 265 

Jones, P . W . (1985) . BM O an d th e Banac h spac e approximatio n problem . Amer. 
J. Math.,  107(4 ) 853-893 . 

Kadets, M . I . an d Snobar , M . G . (1971) . Certai n functional s o n th e Minkowsk i 
compactum. Mat.  Zametki,  1 0 453-457 . 

Kahane, J.-P . (1968) . Some  random  series  of  functions.  D . C . Heat h an d Co . 
Raytheon Educatio n Co. , Lexington , Mass . 

Kaijser, S . (1983) . A  simple-minde d proo f o f th e Pisier-Grothendiec k inequal -
ity. I n Banach  spaces,  harmonic  analysis,  and  probability  theory  (Storrs,  Conn., 
1980/1981), volum e 995 of Lecture Notes  in  Math.,  page s 33-44. Springer, Berlin . 

Kaijser, S . an d Sinclair , A . M . (1984) . Projectiv e tenso r product s o f C*-algebras . 
Math. Scand.,  55(2 ) 161-187 . 

Kaiser, R . J . an d Retherford , J . R . (1983) . Eigenvalu e distributio n o f nuclear oper -
ators: a  survey. I n Proceedings  of  the conferences  on  vector  measures  and  integral 
representations of  operators,  and  on  functional analysis/Banach  space  geometry 
(Essen, 1982),  volum e 1 0 of Vorlesungen  Fachbereich  Math.  Univ.  Essen,  page s 
245-287. Univ . Essen , Essen . 

Kaiser, R . J . an d Retherford , J . R . (1984) . Eigenvalu e distributio n o f nuclea r 
operators: a  survey . I n Proceedings  of  the  second  international  conference  on 
operator algebras,  ideals,  and  their  applications  in  theoretical  physics  (Leipzig, 
1983), volum e 6 7 of Teubner-Texte  Math.,  page s 173-177 . Teubner , Leipzig . 

Kakutani, S . (1941a) . Concret e representation o f abstract (L)-space s an d th e mea n 
ergodic theorem . Ann.  of  Math.  (2),  4 2 523-537 . 

Kakutani, S . (1941b) . Concret e representatio n o f abstrac t (M)-spaces . ( A charac -
terization o f the space of continuous functions.) . Ann.  of  Math. (2),  4 2 994-1024 . 

Kalton, N . J . (1974) . Space s o f compact operators . Math.  Ann.,  20 8 267-278 . 
Kalton, N . J . (1995) . A n elementar y exampl e o f a  Banac h spac e no t isomorphi c t o 

its comple x conjugate . Canad.  Math.  Bull.,  38(2 ) 218-222 . 
Kelley, J . L . (1952) . Banac h space s wit h th e extensio n property . Trans.  Amer. 

Math. Soc,  7 2 323-326 . 
Kisiyakov, S . V. (1975) . Sobole v imbeddin g operators , an d th e nonisomorphis m o f 

certain Banac h spaces . Funkcional.  Anal,  i  Prilozen.,  9(4 ) 22-27 . 
Kisiyakov, S . V . (1976) . O n space s wit h "small " annihilators . Funkcional.  Anal,  i 

Prilozen., 6 5 192-195 . 
Kisiyakov, S . V. (1989) . Proper unifor m algebra s are uncomplemented. Dokl.  Akad. 

Nauk SSSR,  309(4 ) 795-798 . 
Kisiyakov, S . V. (1991) . Absolutely summin g operators on the disc algebra. Algebra 

i Analiz,  3(4 ) 1-77 . 
Kisiyakov, S . V . (1995) . Som e mor e space s fo r whic h a n analogu e o f th e Grothen -

dieck theore m holds . Algebra  i  Analiz,  7(1 ) 62-91 . 
Kisiyakov, S . V . (1998) . Bourgain' s analyti c projectio n revisited . Proc.  Amer. 

Math. Soc,  126(11 ) 3307-3314 . 
Kisiyakov, S . V . an d Sidorenko , N . G . (1988) . Absenc e o f loca l unconditiona l 

structure i n anisotropi c space s o f smoot h functions . Sibirsk.  Mat.  Zh.,  29(3 ) 
64-77, 220 . 

Konig, H . (1986) . Eigenvalue  distribution  of  compact  operators.  Birkhause r Verlag , 
Basel. 

Krivine, J . L . (1974) . Theoreme s d e factorisatio n dan s le s espace s reticules . I n 
Seminaire Maurey-Schwartz  1973-1974-'  Espaces  L p, applications  radonifiantes 



26 6 Bibliography 

et geometrie  des  espaces  de  Banach,  Exp.  Nos.  22  et  23,  pag e 22 . Centr e d e 
Math., Ecol e Polytech. , Paris . 

Krivine, J.-L . (1978) . Constante s d e Grothendiec k e t fonction s d e typ e positi f su r 
les spheres . I n Seminaire  sur  la  Geometrie  des  Espaces  de  Banach (1977-1978), 
pages Exp . No . 1-2 , 17 . Ecole Polytech. , Palaiseau . 

Krivine, J.-L . (1979) . Constante s d e Grothendiec k e t fonction s d e typ e positi f su r 
les spheres . Adv.  in  Math.,  31(1 ) 16-30 . 

Kwapieh, S . an d Pelczyhski , A . (1980) . Absolutel y summin g operator s an d 
translation-invariant space s o f function s o n compac t abelia n groups . Math. 
Nachr., 9 4 303-340 . 

Lapreste, J.-T . (1976) . Operateur s sommant s e t factorisations . A  travers les espaces 
Lp. Studia  Math.,  57(1 ) 47-83 . 

Lewis, D . R . (1973) . Conditiona l wea k compactnes s i n certai n inductiv e tenso r 
products. Math.  Ann.,  20 1 201-209 . 

Lima, A. , Nygaard , O. , an d Oja , E . (2000) . Isometri c factorizatio n o f weakl y 
compact operator s an d th e approximatio n property . Israel  J.  Math.,  11 9 325 -
348. 

Lindenstrauss, J . (1964) . Extensio n o f compact operators . Mem.  Amer.  Math.  Soc. 
No., 4 8 112 . 

Lindenstrauss, J . (1971) . O n James' s pape r "Separabl e conjugat e spaces" . Israel 
J. Math.,  9  279-284 . 

Lindenstrauss, J . an d Pelczyhski , A . (1968) . Absolutel y summin g operator s i n 
£p-spaces an d thei r applications . Studia  Math.,  2 9 275-326 . 

Lindenstrauss, J . an d Rosenthal , H . P . (1969) . Th e £ p spaces . Israel  J.  Math.,  7 
325-349. 

Lindenstrauss, J . an d Tzafriri , L . (1977) . Classical  Banach  spaces.  L  Springer -
Verlag, Berlin . Sequenc e spaces , Ergebniss e de r Mathemati k un d ihre r Grenzge -
biete, Vol . 92. 

Lindenstrauss, J . an d Tzafriri , L . (1979) . Classical  Banach spaces.  II,  volum e 9 7 of 
Ergebnisse der  Mathematik  und  ihrer  Grenzgebiete  [Results  in  Mathematics  and 
Related Areas].  Springer-Verlag , Berlin . Functio n spaces . 

Lomonosov, V . (2000a) . A  counterexample t o th e Bishop-Phelp s theore m i n com -
plex spaces . Israel  J.  Math.,  11 5 25-28 . 

Lomonosov, V . (2000b) . O n the Bishop-Phelps theore m i n complex spaces . Quaest. 
Math., 23(2 ) 187-191 . 

Lomonosov, V . (2001) . The Bishop-Phelps theorem fail s for uniform non-sel f adjoint 
dual operato r algebras . J.  Fund.  Anal,  185(1 ) 214-219 . 

Luxemburg, W. A. J. and Zaanen, A . C. (1971) . Riesz spaces.  Vol.  I. North-Hollan d 
Publishing Co. , Amsterdam . North-Hollan d Mathematica l Library . 

Mathes, B . (1994) . Characterization s o f row an d colum n Hilber t space . J.  London 
Math. Soc.  (2),  50(1 ) 199-208 . 

Maurey, B . (1974) . Typ e e t cotyp e dan s le s espace s muni s d e structure s locale s 
inconditionnelles. I n Seminaire  Maurey-Schwartz  1973-1974-'  Espaces  L p, appli-
cations radonifiantes  et  geometrie  des  espaces  de  Banach,  Exp.  Nos.  24  et  25, 
page 25 . Centre d e Math. , Ecol e Polytech. , Paris . 

Maurey, B . an d Pisier , G . (1976) . Serie s d e variable s aleatoire s vectorielle s 
independantes e t propriete s geometrique s de s espace s d e Banach . Studia  Math., 
58(1) 45-90 . 



Bibliography 267 

Meyer-Nieberg, P . (1991) . Banach  lattices.  Universitext . Springer-Verlag , Berlin . 
Michal, A . D . an d Wyman , M . (1941) . Characterizatio n o f complex coupl e spaces . 

Ann. of  Math.  (2),  4 2 247-250 . 
Milne, H. (1972) . Banac h spac e properties o f uniform algebras . Bull.  London  Math. 

Soc, 4  323-326 . 
Moedomo, S . and Uhl , Jr. , J . J . (1971) . Radon-Nikody m theorem s fo r th e Bochne r 

and Petti s integrals . Pacific J.  Math.,  3 8 531-536 . 
Mooney, M . C. (1972) . A  theorem o n bounded analyti c functions . Pacific  J.  Math., 

43 457-463 . 
Muhoz, G . A. , Sarantopoulos , Y. , an d Tonge , A . (1999) . Complexification s o f rea l 

Banach spaces , polynomial s an d multilinea r maps . Studia  Math.,  134(1 ) 1-33 . 
Nachbin, L . (1950) . A  theorem of the Hahn-Banach typ e for linea r transformations . 

Trans. Amer.  Math.  Soc,  6 8 28-46 . 
Nakano, H . (1941) . Ube r da s Syste m alle r stetige n Funktione n au f eine m topolo -

gischen Raum . Proc.  Imp.  Acad.  Tokyo,  1 7 308-310 . 
Paulsen, V . (2002) . Completely  bounded  maps  and  operator  algebras,  volum e 7 8 

of Cambridge  Studies  in  Advanced  Mathematics.  Cambridg e Universit y Press , 
Cambridge. 

Pelczyhski, A . (1971) . An y separabl e Banac h spac e wit h th e bounde d approxima -
tion property i s a complemented subspac e o f a Banach spac e with a  basis . Studia 
Math., 4 0 239-243 . 

Pelczyhski, A . (1974) . Su r certaine s propriete s isomorphique s nouvelle s des espace s 
de Banac h d e fonction s holomorphe s A  e t H°° . C.  R.  Acad.  Sci.  Paris  Ser.  A, 
279 9-12 . 

Pelczyhski, A . (1977) . Banach  spaces  of  analytic  functions  and  absolutely  summing 
operators. America n Mathematica l Society , Providence , R.I . Expositor y lecture s 
from th e CBM S Regiona l Conferenc e hel d a t Ken t Stat e University , Kent , Ohio , 
July 11-16 , 1976 , Conference Boar d o f the Mathematica l Science s Regional Con -
ference Serie s i n Mathematics , No . 30. 

Pelczyhski, A . and Wojciechowski , M . (2002) . Sobole v spaces in several variables i n 
L1-type norm s ar e no t isomorphi c t o Banac h lattices . Ark.  Mat.,  40(2 ) 363-382 . 

Pelczyhski, A . an d Wojciechowski , M . (2003a) . Sobole v spaces . I n Handbook  of  the 
geometry of  Banach spaces,  Vol.  2, pages 1361-1423. North-Holland, Amsterdam . 

Pelczyhski, A . an d Wojciechowski , M . (2003b) . Space s o f function s wit h bounde d 
variation an d Sobole v space s withou t loca l unconditiona l structure . J.  Reine 
Angew. Math.,  55 8 109-157 . 

Perez-Garcia, D . an d Villanueva , I . (2004) . Ther e i s n o lattic e preservin g natura l 
tensor norm . Quaest.  Math.,  27(3 ) 267-273 . 

Persson, A . an d Pietsch , A . (1969) . p-nuklear e un e p-integral e Abbildunge n i n 
Banachraumen. Studia  Math.,  3 3 19-62 . 

Phillips, R . S . (1940) . O n linea r transformations . Trans.  Amer.  Math.  Soc,  4 8 
516-541. 

Pietsch, A . (1966/1967) . Absolu t p-summierend e Abbildunge n i n normierte n 
Raumen. Studia  Math.,  2 8 333-353 . 

Pietsch, A . (1980) . Operator  ideals.  North-Hollan d Publishin g Co. , Amsterdam . 
Translated fro m Germa n b y th e author . 

Pietsch, A . (1987) . Eigenvalues  and  s-numbers.  Cambridg e Universit y Press , Cam -
bridge. 



268 Bibliography 

Pisier, G . (1978a) . Grothendieck' s theore m fo r noncommutativ e C*-algebras , wit h 
an appendi x o n Grothendieck' s constants . J.  Fund.  Anal,  29(3 ) 397-415 . 

Pisier, G . (1978b) . Som e result s o n Banac h space s withou t loca l unconditiona l 
structure. Compositio  Math.,  37(1 ) 3-19 . 

Pisier, G . (1978c) . Un e nouvell e class e d'espace s d e Banac h verifian t l e theorem e 
de Grothendieck . Ann.  Inst.  Fourier  (Grenoble),  28(1 ) x , 69-90 . 

Pisier, G . (1980) . U n theoreme su r le s operateurs lineaire s entre espace s de Banac h 
qui s e factorisen t pa r u n espac e d e Hilbert . Ann.  Sci.  Ecole  Norm.  Sup.  (4), 
13(1) 23-43 . 

Pisier, G . (1982a) . Holomorphi c semigroup s an d th e geometr y o f Banac h spaces . 
Ann. of  Math.  (2),  115(2 ) 375-392 . 

Pisier, G . (1982b) . Holomorphi c semigroup s an d th e geometr y o f Banac h spaces . 
Ann. of  Math.  (2),  115(2 ) 375-392 . 

Pisier, G . (1983) . Counterexample s t o a  conjectur e o f Grothendieck . Acta  Math., 
151(3-4) 181-208 . 

Pisier, G . (1986) . Factorization  of  linear  operators  and  geometry  of  Banach spaces, 
volume 6 0 of CBMS  Regional  Conference  Series  in  Mathematics.  Publishe d fo r 
the Conferenc e Boar d o f the Mathematica l Sciences , Washington , DC . 

Pisier, G . (1989) . The  volume  of  convex  bodies  and Banach  space  geometry.  Cam -
bridge Universit y Press , Cambridge . 

Pisier, G . (1992) . A  simpl e proo f o f a  theore m o f Jea n Bourgain . Michigan  Math. 
J., 39(3 ) 475-484 . 

Pisier, G . (2003) . Introduction  to  operator  space  theory,  volum e 29 4 o f London 
Mathematical Society  Lecture  Note  Series.  Cambridg e Universit y Press , Cam -
bridge. 

Pisier, G . and Shlyakhtenko, D. (2002). Grothendieck's theorem for operator spaces . 
Invent. Math.,  150(1 ) 185-217 . 

Rieffel, M . A. (1968) . The Radon-Nikodym theore m for the Bochner integral . Trans. 
Amer. Math.  Soc,  13 1 466-487 . 

Rietz, R . E . (1974) . A  proo f o f th e Grothendiec k inequality . Israel  J.  Math.,  1 9 
271-276. 

Rosenthal, H . (2000) . Th e complet e separabl e extensio n property . J.  Operator 
Theory, 43(2 ) 329-374 . 

Rosenthal, H . P . (1970) . O n injectiv e Banac h space s an d th e space s L°°({j,)  fo r 
finite measur e /i . Acta  Math.,  12 4 205-248 . 

Rosenthal, H . P . (1973) . O n subspace s o f L p. Ann.  of  Math.  (2),  9 7 344-373 . 
Ruan, Z.-J . (1988) . Subspace s o f C*- algebras. J.  Fund.  Anal,  76(1 ) 217-230 . 
Ryan, R . A . (2002) . Introduction  to  tensor  products  of  Banach  spaces.  Springe r 

Monographs i n Mathematics . Springer-Verla g Londo n Ltd. , London . 
Saphar, P . (1970) . Produit s tensoriel s d'espace s d e Banach e t classe s d'application s 

lineaires. Studia  Math.,  3 8 71-100 . (errat a insert) . 
Schaefer, H . H . (1974) . Banach  lattices  and  positive  operators.  Springer-Verlag , 

New York . Di e Grundlehre n de r mathematische n Wissenschaften , Ban d 215 . 
Schatten, R . (1960) . Norm  ideals  of  completely  continuous  operators.  Ergebniss e 

der Mathemati k un d ihre r Grenzgebiete . N . F. , Hef t 27 . Springer-Verlag, Berlin . 
Schneider, R . (1993) . Convex  bodies:  the  Brunn-Minkowski  theory,  volum e 4 4 o f 

Encyclopedia of  Mathematics  and  its  Applications.  Cambridg e Universit y Press , 
Cambridge. 



Bibliography 269 

Schiitt, C . (1978) . Unconditionalit y i n tenso r products . Israel  J.  Math.,  31(3-4 ) 
209-216. 

Sobczyk, A . (1941) . Projectio n o f the spac e (m ) o n it s subspac e (co) . Bull.  Amer. 
Math. Soc,  4 7 938-947 . 

Stegall, C . (1981) . Th e Radon-Nikody m propert y i n conjugat e Banac h spaces . II . 
Trans. Amer.  Math.  Soc,  264(2 ) 507-519 . 

Stone, M . H . (1949) . Boundednes s propertie s i n function-lattices . Canadian  J. 
Math., 1  176-186 . 

Szankowski, A. (1976). A Banach lattice without th e approximation property . Israel 
J. Math.,  24(3-4 ) 329-337 . 

Szankowski, A . (1978) . Subspace s withou t th e approximatio n property . Israel  J. 
Math., 30(1-2 ) 123-129 . 

Szankowski, A . (1981) . B(H)  doe s no t hav e th e approximatio n property . Acta 
Math., 147(1-2 ) 89-108 . 

Szarek, S . J . (1978) . O n Kashin' s almos t Euclidea n orthogona l decompositio n o f 
lx

n. Bull.  Acad.  Polon.  Sci.  Ser.  Sci.  Math.  Astronom.  Phys.,  26(8 ) 691-694 . 
Szarek, S . J . (1986) . A  superreflexive Banac h spac e which doe s no t admi t comple x 

structure. Proc.  Amer.  Math.  Soc,  97(3 ) 437-444 . 
Szarek, S . J . (1987) . A  Banac h spac e withou t a  basi s whic h ha s th e bounde d 

approximation property . Acta  Math.,  159(1-2 ) 81-98 . 
Tomczak-Jaegermann, N . (1974) . Th e modul i o f smoothness an d convexit y an d th e 

Rademacher average s o f trace classe s S p(l <  p <  oo). Studia  Math.,  5 0 163-182 . 
Tomczak-Jaegermann, N . (1989) . Banach-Mazur  distances  and  finite-dimensional 

operator ideals.  Longma n Scientifi c &  Technical, Harlow . 
Van Zyl , A . J . (2007) . Complexification s o f tenso r product s o f Banac h space s an d 

Banach ideal s o f operators . Preprint . 
Varopoulos, N . T . (1974) . O n a n inequalit y o f von Neuman n an d a n applicatio n o f 

the metri c theory o f tensor product s t o operators theory . J.  Functional  Analysis, 
16 83-100 . 

Wenzel, J . (1995) . Rea l an d comple x operato r ideals . Quaestiones  Math.,  18(1 -
3) 271-285 . Firs t Internationa l Conferenc e i n Abstrac t Algebr a (Kruge r Park , 
1993). 

Wojtaszczyk, P . (1991) . Banach  spaces  for analysts.  Cambridg e Universit y Press , 
Cambridge. 

Wolfe, J . (1978) . Injectiv e Banac h space s o f continuou s functions . Trans.  Amer. 
Math. Soc,  23 5 115-139 . 

Zaanen, A . C . (1983) . Riesz  spaces.  II,  volum e 3 0 of North-Holland  Mathematical 
Library. North-Hollan d Publishin g Co. , Amsterdam . 

Zippin, M . (1977) . Th e separabl e extensio n problem . Israel  J.  Math.,  26(3-4 ) 
372-387. 



This page intentionally left blank



Author Inde x 

Alon, N . 20 1 
Amemiya, I . ix , 19 1 
Amir, D . 25 3 
Argyros, S . A . 25 4 
Arregui, J . L . 20 9 

Bade, W . G . 25 3 
Bishop, E . 16 8 
Blasco, O . 20 9 
Blecher, D . P . 25 8 
Bochnak, J . 16 8 
Bombal, F . 17 6 
Bourgain, J . 168 , 208-21 0 
Bu, Q . 66 , 20 9 
Buhvalov, A . V . 24 0 

Carne, T . K . 169 , 23 6 
Casazza, P . G . 18 6 
Castillo, J . F . 25 4 
Chevet, S . 6 6 
Cohen, H . B . 24 8 
Cohen, J . S . 6 6 

Davie, A . M . 18 4 
Davis, W . J . 186 , 20 9 
Defant, A . ix , 66 , 179 , 195 , 20 1 
Diestel, J . 66 , 69 , 71 , 176 , 179 , 189 , 190 , 

201, 209 , 23 6 
Dixmier, J . 18 5 
Dubinsky, E . 181 , 19 0 
Dunford, N . 7 1 

Effros, E . G . 257 , 25 9 
Enflo, P . 183 , 18 4 

Figiel, T . 184-18 6 
Fishburn, P . C . 20 1 
Floret, K . ix , 66 , 179 , 195 , 20 1 
Fourie, J . H . 66 , 20 9 
Freudenthal, H . 231 , 23 4 

Gamelin, T . W . 18 9 
Garling, D . J . H . 17 9 
Gilbert, J . E . i x 

Gleason, A . M . 245 , 24 7 
Godefroy, G . 185 , 18 6 
Goodner, D . B . 81 , 244 
Gordon, Y . 66 , 171 , 179 , 18 6 
Granero, A . S . 25 4 
Grothendieck, A . 7 , 10 , 13 , 14 , 17 , 18 , 

21-23, 36 , 42 , 43 , 45 , 48 , 59 , 62-64 , 69 , 
74, 76 , 81 , 84, 91 , 94, 96 , 98-100 , 
103-105, 121 , 122 , 127 , 128 , 130 , 131 , 
142, 144-147 , 149-153 , 155-157 , 
160-162, 168 , 178 , 183 , 186 , 188 , 201, 
208 

Gurarii, V . I . 18 3 

Haagerup, U . 201 , 202, 25 9 
Hasumi, M . 81 , 244 
Havin, V . P . 18 8 
Haydon, R . 25 3 

Isbell, J . R . 25 3 

Jarchow, H . 66 , 176 , 179 , 189 , 190 , 201, 
210, 23 6 

Jimenez, M . 25 4 
John, F . 21 6 
John, K . 21 0 
Johnson, J . 18 6 
Johnson, W . B . 184-186 , 20 9 
Jones, P . W . 18 5 
Junge, M . 25 9 

Kadets, M . I . 17 9 
Kahane, J.-P . 17 9 
Kaijser, S . 198 , 202 , 20 5 
Kaiser, R . J . 21 0 
Kakutani, S . 76 , 227 , 228 , 230 , 231 , 234, 

240 
Kalton, N . J . 168 , 186 , 21 0 
Kelley, J . L . 81 , 244, 24 8 
Kislyakov, S . V . 189 , 208-21 0 
Konig, H . 17 9 
Krivine, J.-L . 195 , 23 6 
Kwapieh, S . 18 9 

271 



272 AUTHOR INDE X 

Lapreste, J.-T . 6 6 
Leih, T . J . i x 
Lewis, D . R . 24 , 66 , 171 , 18 6 
Lima, A . 18 6 
Lindenstrauss, J . ix , 181 , 185, 192 , 240 , 
Lomonosov, V . 16 8 
Lozanovskii, G . J . 24 0 
Luxemburg, W . A . J . 24 0 

Mathes, B . 25 6 
Maurey, B . 180 , 18 9 
Meyer-Nieberg, P . 24 0 
Michal, A . D . 16 8 
Milne, H . 18 4 
Moedomo, S . 72 , 7 3 
Mooney, M . C . 18 8 
Moreno, J . P . 25 4 
Muiioz, G . A . 16 8 
Musat, M . 25 9 

Nachbin, L . 81 , 244, 25 3 
Nakano, H . 24 1 
Naor, A . 20 1 
Nygaard, O . 18 6 

Oja, E . 18 6 
Ozawa, N . 25 9 

Paulsen, V . I . 25 7 
Pelczyiiski, A . ix , 179 , 181 , 184 , 186 , 

188-190, 192 , 25 3 
Perez-Garcia, D . 175 , 17 6 
Persson, A . 6 6 
Pettis, B . J . 7 1 
Phelps, R . R . 16 8 
Phillips, R . S . 7 1 
Pietsch, A . ix , 66 , 177 , 17 9 
Pisier, G . 176 , 179 , 180 , 185 , 189 , 201, 

208-210, 216 , 257 , 25 9 

Reeds, J . A . 20 1 
Retherford, J . R . 66 , 21 0 
Rieffel, M . A . 7 3 
Rietz, R . E . 19 5 
Rontgen, I . M . 6 6 

Rosenthal, H . P . 181 , 184 , 185 , 190 , 208 , 
253, 25 9 

Ruan, Z.-J . 256 , 257 , 25 9 
Ryan, R . A . i x 

Saphar, P . D . 66 , 179 , 185 , 18 6 
Sarantopoulos, Y . 16 8 
Schaefer, H . H . 24 0 
Schatten, R . 14 2 
Schneider, R . 21 6 
Schiitt, C . 176 , 18 9 
Semadeni, Z . 25 3 
Shiga, K . ix , 19 1 
Shlyakhtenko, D . 25 9 
Sidorenko, N . G . 18 9 
Sinclair, A . M . 202 , 20 5 
Smith, R . R . 25 8 
Snobar, M . G . 17 9 
Sobczyk, A . 25 9 
Stegall, C . 7 5 
Stone, M . H . 24 1 
Swart, J . 66 , 20 9 
Szankowski, A . 18 4 
Szarek, S . J . 168 , 185 , 21 0 

Tomczak-Jaegermann, N . 179 , 20 1 
Tonge, A . 66 , 168 , 176 , 179 , 189 , 190 , 201, 

236 
Tzafriri, L . 24 0 

Uhl, J . J. , Jr . 69 , 71-7 3 

Van Zyl , A . J . 16 8 
Varopoulos, N . T . 19 2 
Veksler, A . I . 24 0 
Villanueva, I . 175 , 17 6 

Wenzel, J . 16 8 
Wojciechowski, M . 18 9 
Wojtaszczyk, P . 17 9 
Wolfe, J . 25 3 
Wyman, M . 16 8 

Zaanen, A . C . 24 0 
Zippin, M . 184 , 185 , 25 9 



Index o f Notatio n 

Generalities 

R Th e field  o f rea l number s (scalars ) 
C Th e field  o f complex number s (scalars ) 
K Th e generi c scala r field  R  o r C 
M.n Th e n-dimensional Euclidea n spac e 
T^(E) Th e invers e imag e o f the se t E  unde r th e operato r T 
ker(T) Th e kerne l o f T  (=T« - ({0})) 
A Th e closur e o f the se t A 
A° Th e interio r o f the se t A 
co(A) Th e conve x hul l o f the se t A 
co(A) Th e close d conve x hul l o f the se t A 
T :  X - » F  T  i s a  surjectiv e linea r operato r 
T :  X <-+  Y  T  i s an injectiv e linea r operato r 
F{X) Th e se t o f al l finite  dimensiona l subspace s o f th e Banac h 

space X 
Bx Th e uni t bal l o f a  Banac h spac e X 
idx Th e identit y operato r o n th e vecto r spac e X 
exiA Th e se t o f al l extrem e point s o f a  se t A  i n a  vecto r spac e 
XA Th e indicato r o r characteristi c functio n o f A 
rn(-) Th e n-t h Rademache r functio n define d o n [0,1] : 

rn(t) —  sign ( sin 2n7rt) 

Vector spaces ; Banac h space s 

Xf Th e algebraic dua l o f a  vecto r spac e X 
X* Th e (continuous ) dua l o f a  Banac h spac e 
£p Th e Banac h spac e o f al l absolutel y p-summabl e scala r se -

quences: (  { (A n ) n :  Ysn \ Xri\p <  oo}); 

l l ( A n ) n | | = ( E n | A n | P ) " 
£°° Th e Banac h spac e o f al l bounde d scala r sequences ; 

||(An)n | | = s u p n | A n | 
Co Th e Banac h spac e o f al l scala r nul l sequences ; ||(A n)n | | = 

SUpn |An | 
Px o r £ P(X) Th e Banac h spac e o f al l absolutel y p-summabl e sequence s 1 6 

in a  Banac h spac e X 
£^ o r £°°(X)  Th e Banac h spac e o f al l bounde d sequence s i n a  Banac h 1 6 

space X 
CQ{X) Th e Banac h spac e o f al l nul l sequence s i n a  Banac h spac e 1 6 

X 
273 



274 

C a k W 

Cm 

uc(X) 

C(K) 

t°°(Bx*) 

INDEX O F NOTATIO N 

The Banac h spac e o f weakl y p-summabl e sequence s i n a 
Banach spac e X 
The subspac e o f ^eak (^ ) ' consistin g o f al l sequence s (x n) 
of vector s i n X,  suc h that : 
linin^oo 11(0 , . . . ,0 ,xn ,z n +i , . . . ) | |*p e a k = 0 
The Banac h spac e o f al l unconditionall y summabl e se -
quences i n a  Banac h spac e X;  thi s i s th e sam e Banac h 
space a s ^ WeakP0 
The Banac h spac e o f al l Bochne r integrabl e function s de -
fined on some measure space (Q,  /i) with values in a Banac h 
space X;  \\f\\ Lix{fJL) =  /  | | / | |xd/ i 
The Banac h spac e of al l Bochner p-integrable function s de -
fined o n some measure space (fi , /i) with values in a  Banac h 

space* ; | | / | | L * w =  ( / | | / | & d / x ) ' 
The Banac h spac e o f al l continuou s function s define d o n a 
compact se t K 

16 

16 

18 

172 
173 

Spaces o f linea r an d bilinea r function s 

L(X;Y) Th e spac e o f al l linea r function s /  :  X — » Y ; X , Y vecto r 2 
spaces 

B(X, Y ; Z) Th e spac e o f al l bilinear function s <p  :  X x  Y  - » Z ; X , Y, Z 1 
vector space s 

B(X, Y)  Th e spac e o f al l bilinea r functional s (forms ) o n ! x 7 1 
C(X\ Y)  Th e spac e of all bounded linea r operator s T  :  X — > Y ; X,  Y 

Banach space s 
£>(X, Y; Z) Th e Banac h spac e o f al l bounde d bilinea r operator s ip  :  7 

X x  Y  ^  Z ; X , Y, Z Banac h psace s 
B(X, Y)  Th e Banac h spac e o f al l bounded bilinea r form s o n X  x  Y; 7 

X, Y  Banac h space s 
JT(X; Y) Th e spac e o f al l bounde d linea r operator s T  :  X  — > Y o f 

finite ran k 
/C(X; Y) Th e spac e o f al l compac t linea r operator s T  :  X ^  Y 
W(X;Y) Th e spac e o f al l weakly compac t linea r operator s T  :  X —> 

Y 
®(#) Th e C*-algebr a o f al l bounded linea r operator s T  :  H -*  H 

defined o n a  Hilber t spac e H 
IC(H) Th e spac e o f al l compac t linea r operator s T  :  H  — > H 

defined o n a  Hilber t spac e H 
Ca(X; Y ) Th e spac e o f al l a-integra l operator s (operator s o f type a)  4 7 
|| • ||c Th e a- integral operato r nor m 4 7 
£ a ( X ; Y)  Th e spac e o f al l a-nuclea r operator s 5 4 
Na Th e a-nuclea r operato r nor m 5 4 
Ba{X, Y)  Th e spac e o f bilinea r functional s o f typ e a ; o r a-integra l 3 2 

bilinear form s 
Ba (X , Y) Th e spac e o f a-nuclea r bilinea r form s 5 4 



INDEX O F NOTATIO N 275 

7i(X,Y) Th e collectio n o f al l continuou s bilinea r functional s o n 11 2 
X x  Y  satisfyin g th e equivalen t condition s se t fort h i n 
Proposition 3.1. 1 

Tensor product s 

x <g> y A n elementar y tenso r 2 
t(g <8)h)  Th e transposition o f the tensor g®h  unde r the transposition 2 6 

map 
X 0  Y  Th e algebrai c tenso r produc t o f the vecto r space s X  an d Y  2 
(X (g ) Y, a) Th e tensor produc t X®Y  assigne d wit h a  reasonable cross - 5 

norm a 
a. 

X <g ) Y  Th e completio n o f X  0  Y  equippe d wit h th e nor m a  7 
a* Th e dua l nor m associate d wit h th e tenso r nor m a  2 7 

ta Th e transpos e o f the tenso r nor m a  2 6 
v 
a Th e contragradien t nor m associate d wit h th e tenso r nor m 

a: a  o f a  give n b y a=  f (a*) —  (*a)* 
| •  |v o r V  Th e injectiv e tenso r nor m 7 

v 
X ®Y  Th e completio n o f X  ®  F wit h respec t t o |  • | v , th e injectiv e 1 0 

tensor produc t o f X  an d F 
| •  | A o r A  Th e projectiv e tenso r nor m 7 

A 

X (g ) Y Th e completion o f X®Y wit h respect t o |  • |A, the projective 1 0 
tensor produc t o f X  an d Y 

/a Th e lef t injectiv e hul l o f a  9 0 
a\ Th e righ t injectiv e hul l o f a  9 0 
\a Th e lef t projectiv e hul l o f a  9 0 
a / Th e righ t projectiv e hul l o f a  9 0 
H or |  • |H Th e Hilbertia n tenso r nor m 11 6 
H* or |  • |H* Th e dua l Hilbertia n tenso r nor m 11 3 
KG Grothendieck' s constan t 15 2 

Compact an d conve x set s 

%(S) Th e collection of all non-empty compac t subset s of the com- 21 1 
pact metri c spac e S 

D(Ki,K2) Th e Hausdorf f distanc e betwee n tw o compac t set s Ki  an d 21 1 
K2 

£(JKTI, K2) Th e distanc e betwee n tw o compact set s K\  an d K 2 wr t th e 21 2 
metric 5 

Cn Th e collectio n o f al l non-empt y compac t conve x subset s o f 21 2 
the close d uni t bal l Bp  o f R n 

SK(-) Th e suppor t functio n o f K  £  6 n 21 4 
vol(K) Th e volum e functio n vo l :  Cn - • R + 21 3 
£(F) Th e collectio n o f al l ellipsoid s containe d i n th e close d uni t 21 6 

ball Bp  o f a  finit e dimensiona l Banac h spac e F 

Banach lattice s 

x V  y  Th e leas t uppe r boun d o f x  an d y  i n a n ordere d spac e 
x A  y  Th e greates t lowe r boun d o f x  an d y  i n a n ordere d spac e 



INDEX O F NOTATIO N 

The positive part , th e negativ e par t an d th e absolut e value 21 7 
of x  i n a  vector lattic e 
The positiv e con e o f a  vector lattic e X  21 7 
The positiv e par t o f the uni t bal l o f a  Banac h lattic e X  21 9 
The spac e of order bounde d linea r functional s o n a  Banach 21 9 
lattice X 
The idea l generate d b y a  positive a  i n a  Banac h lattic e X 



Index 

AL-space, 22 5 
AM-space, 22 5 
a-integral norm , 4 7 
a-integral operator , 4 1 
a-nuclear operator , 5 4 
a-nuclear bilinea r form , 5 4 
a-nuclear norm , 5 4 
absolutely p-summabl e sequence , 1 6 
absolutely p-summin g operator , 17 7 
absolutely summing , 17 7 
accessible, 17 7 
accessible Banac h space , 3 7 
approximation property , 37 , 17 7 

Banach algebra , 16 8 
Banach lattice , 21 8 
Banach-Mazur distance , 18 1 
band, 23 0 
basis, 18 0 
bilinear function , 1 
Blaschke's selectio n principle , 21 1 
bounded approximatio n property , 17 7 
bounded bilinea r operator , 7 
bounded linea r operator , 7 
bounded multiplie r test , 18 0 

C-space, 7 6 
column Hilber t space , 25 6 
completely bounde d linea r operator , 25 5 
contains £n' s uniformly , 18 0 
cotype q,  17 9 
cross matri x norm , 25 7 

Dedekind complete , 22 9 
dual tenso r norm , 2 7 
Dvoretzky-Rogers Lemma/Theorem , 5 9 

elementary tensor , 2 
ellipsoid, 21 6 
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Hilbert-Schmidt operator , 14 3 
Hilbertian form , 11 6 
Hilbertian operator , 11 6 
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integral bilinea r functional , 22 , 4 1 
integral linea r operator , 4 1 
integral norm , 2 2 
isomorphically injective , 25 3 
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Nakano-Stone theorem , 24 1 
natural tenso r norm , 10 6 
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representable operator , 7 3 
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universal mappin g property , 4 
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