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. Asdmp’roJrrc westaction  The rigM order for smddinj ayupictic poblems (tke ).
As\ijpﬂ-ohc, cesticton S £ T ' & SO o ®(n+cn))
Bxampe =2 & 42,2,2> £ ).
lommp, 3B 2 TOMAM) o $¥ 2 (M TN

let = R(CT). Then S@né T@UHOCV\)) z T®0OMN o T_em
< °Cw)> s T ®&n _ <2¢>[M>® _ram

Clam : YT, either i, Ri(T)z1,0r &) ¢ T &2 (exercise ).

Suppore  S®' ¢ (zoc")>@‘[‘ lQ‘L then T~ wattix B. Have R (T®") 2]
30 R.[S®") £ 2°") so Ri(S) < 1 and S~ matix A Then R(A)< 2°‘“3g(g)
80 RIAYER(B) so Acb ie. SeT o §% 1"
Ofnecutise, (v so SN o T Oy T &M BIn+oln)




lommo. S£T = 54T S£T = R(HZR(T) (eernie)
Q(S) £ RIT)

Use: S4T = 82" ¢ <PDJ[YI)>® T'Mn),
Which We proved before.
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2. Asymprotic  spectmw duaHiU +heoram
Aijmp-loﬂc, speetumt X := +he Set of Punchons ;5: fensocs — IRy0
such that VS, T
- P(SeT) = F(S)F(T)
« $(S®T)= F(S)+ H(T)
e SLT = G(5) = ol(T)
o PLN) =
Example Ry € X
Lammo Ve X, 82T = ¢(S)e ¢p(T) and R(T) < $(T) = R(T)

In other words, X is the
SEF o-F resthction woncione,
&vmidrﬁ l’IGWIOMOITG‘BHSW!!.

Theorew (stmssen 988) ST & Vge X #(S) 2 p(T).



Theorew (stmssen g83) ST & Vge X #(5) = (7).

ConSegr unences

Theorem. R(T)= win  $(T) and R(T)=z wmox &T) .
pE X ~ pE X

Theorem (Sub/&uper ao!d/WluH') g is sub wult Jadd CA';? IS SUpEr meyga/d.

Theorom (Add iff mutk) ¥ST, R(S@T)= R(S)+ R(T)  (same for @)
& R(8®T) = R(SHR(T). N

£ 4
Theorem C,AS(\IW\P.SIAW\ 'meq.) |€=B‘ (0.;1‘0;,0_-.5 é {(r) = Z(q;bici}wlsg r



Theoreim E[T_) = mox ¢[T')
#e X

clear.
- Suppose Ve X, #(T) 2
¢(T®n> < Fr"T (wake RWS inh@fr)

er e ( duabi'ld theorem)

P T mt ontw)  hafinition of %)

T
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-
G T (ot L e T
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Theorem E(T)s mox &CT)
BE X

Theoremn  (Submult.) R(é®T) = 8553(\%[’\’3.
R(S®TY= g(S0T) = $(S)g(T)c RISHR(T). o

Theorem . (Add. IfE. mutk)  ¥5,T; R(S@T)= R(S)+ R(T)
& R(S®T)= RIS)R(T).
cJge X, #(S0T)= R(SST).
L B(S) + B(T) = P(SOT)Z R(SOT) = R(S) + R(T)
© §(S) = R(S) and $(T)= R(T). i

. Q[S)E(T)=cp(5) G(T)=P(S®T I R(S®T) < 5(5)5(1-)
Swilar,



Theoram CAS(\IMP.SL«W\ ]neq.)
4 W, f— m; W
* D220y " £Lr) = S (27) e

Jge X P(L2,2,25) = R(C22,25) = 2%, Zie:‘ 975[(2,2{»)""1 £~ n

4 £
. @(n;,n.‘,n;) c {ry = Z_" n" £

Claw : V¢6X, 95(<n,n,n>): ¢[<2,2,2>)'c52n (exerrise) |
e} & os obore: =€ ¢[<z,z,z>)’?92”" zr. u,

£
» ®© Layb; ¢ iy 2L Z_' (a;b;c; 3 zr

2P }6[(2(2 25)= @42, W) @(Luzid) 1, 2’)) = 2272 %
Claim ; ¢(<°‘|,b,,c))' x bx"’cx3 (exewise). Then Z b"? ,Xs <

The afjmp’roﬁc Seec'fmvw 5 Sp-i invarant . (123) ¢ [123)525 EX so also
x|+X2+X3

Zﬁ xabx‘ Xz L n OMOL Z|-— xsz.g X‘ " ’\ [OHVZX'J Zr" (ql i ') 3 é’\



3. Support functonals

What i n the asdw\PJfatic_ sgectum X ? There's the ? latlening ran@s.
What e\se 7 We dliseuss Hodoy e support functiono\S and +omorrol)

the quanium ,Func’c\OnO\\S_ -
' H(E(_n——aq.r}.: - Z;' 9. |03 9: .
Sueporty Lunctionals Por be P([&D )

39(1“) = Mmn  wox zga'H(Pi) |looks pamil{ar?
82T Pel(suepS)
—rheorom. Y8 7915 submult, add, wmon., nowt [Strassen 1991
Corolany ¥, QUT) € $%0T) winiwax

\ .
Theorem. 1! Tig {.8\(.4, then @(T>= ming KBCT) [:: mgx wivi ZHCP.)]



u. Sulomu\’rip\imﬁviw
Hp(P) := Z6; H(P)

@ TP(TY .= min o p
3 8T PeP(suepS) HB()

?

lowmma. Y0, ¥,T; bp3f(soT) 2 Iy 3y + lpTlT),

IN ! n |
max Hy(P) wox (@) wox Hp (R)
Pe Plsup S©T) 6% R

Il N vi
l\_,HB(P) < Hg(Pm) t Ha(Pzﬂtzo
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5. Olo\;gue, tensors

OH[Quene%
. @g[n}x[n]x[n] is ob\igue ('p it s an anhichan in +hepoimwise oro\er'\ng.

e Te T 5 ob\ig;ue it 38 o T dupp[ S) is oun'que_

Exawmple
o {rY, (a,b,c> ore obh‘qb{e )

* |n fack, {48#1*]’9—1?019\@/«23_
We do not fenowd iP {hese ar

Theorewt YO, ;(96 X(_obll'ﬂ“e'> al eewents in X(ob\.’ﬁue.)

Exawple  X(W) := JZ P(W): ¢6)<} = [2" 180 2] - f]aﬁ\/u): 93



6. Barners
What can we do with dhese Punch‘onS? o are madnx mmh‘p)rcaﬁo/)

OBO( s constrncted. 7

{nyn,n > < {r)

. {nn,n>

21N

T £ L)
T

nerwediale Ensor

Theoromt, The best upper bound on to Hhak on ke obtained

e T is o+ Least o M 2 , g WXp 5%T)
kg R(T) 5
W ~ g wmin 8 38¢T)




