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GCT publications:

Overviews of GCT

I]Jsﬂummuls_.mdﬂml’_zi|mm‘£aﬂi ol 55, jssue 6, June 2012, pp. 98-107.
On P vs, NF. and Geometric Complexity Theory, JACM. vol. 58. issue 2, April 2011,
FOCS 2010 Tutorial based on this overview,

GCT Papers

» Low 5 i @ Pars i it operations, SIAM J. Comput.. 28, (1099). - 1460-1500.

+  Geometric complexity theory LAn approach to the P vs, NP and related problems (with M, Sohoni), SIAM.L Comput,, ¥ol 51, 10, 2. PR 496:526. (2001),

*  Geometrie complexity theory 11: Towards explicit obstruetions for embeddings among eluss varieties (with M, Sohoni) . SIAM J. Comput,. Vol, 38, Issue 3, lune 2008,

«  Geometric complexity theory, P vs, NP and explicit obstructions (with M. Sohoni), in "Advances in Algebra and Geometry”, Edited by C. Musili, the pr 1i of the International
“onf zebra and Geometry. Hyderabad. 2001,

»  Geomelric lesity theory 111 on deciding nonvanishing of a Lin i-Richardson coefficient {with H. Naravanan and M. Sohoni), Journal of Algebraie Combi fes, pages 1-8
«  Geometric lexity thccm IV: e sroup for the Kropecker problem (with J, Blasiak and M. Sohoni), to appear in Memoirs of American Mathematica] Society,
Preprint available as arXive i

. 3 o : . -

Ceometrc C

plember 2010
iversity of Chicago. January zoul.

. nlnh]ﬂm r‘ar-hmm] Remrl TR-2007-14 science department. The University of Chicagg,
her, 2007,
. Feumemcf lexity Theory VIIE On jical bases for the lard groups, Technical Report TR-2007-15, computer sejence department. The University of Chieago,
L2007,
Lecture notes on GCT
= On Pus NP, Geometrie Complexity ory, and the Rj Hypothesis, Technienl Report, Computer Seience department, The University of Chieago, August, 2000, es Arkiv preprint
5.0C/0908.1930
This overview is based on a series of three lectures, Video lectures in this series are available here,
» Geometric Complexity Theory: Introd (with M. Sohoni mumml&zmu&mmmwmm Jhe University of Chieago, September, 2007, Lecture notes for
il AT Gl on £ eomuel i e ot theor i Uy - ¥ LN
* On Pvs NP, Geometric Complexity Theory, and The Flip L a high-level view, Technical Report TR-2007-13, ter scienee d The University of Chicago, ber, 2007,
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1.~ 3 B piller, Gary L. (1976), "Riemann's Hypothesis and Tests for Primality”,
Journal of Computer and Systern Sciences, 13 (3): 300-317,
doiz10.1145/800116.803773 0, S2CID 108! 396

2.~ 8B Rabin, Michael O. (1980), "Probabilistic algorithm for testing primality”,
Journal of Number Theory, 12 (1): 128-138, doi:10.1016/0022
314X(80)90084-0 &

e Testing against small sets of bases [ edi]

When the number n to be tested is small, trying all a < 2(In n]'-' is not necessary, as much smaller sets of potential witnesses are known to suffice,
example, Pomerance, Selfridge, Wagstafi'*! and Jaeschke!'! have verified that —
«if n = 2,047, it is enough to test a = 2;
oif n < 1,373,653, it is enough to test 8 = 2 and 3;
oif n < 9,080,191, it is enough to test & = 31 and 73;
wif n = 25,326,001, itis enough to test a =2, 3, and 5;
wifn= 3215031751, itisenough totesta= 2,3, 5, and 7,
eif n < 4,759,123,141, itis enough to test a = 2, 7, and 61;
eif n < 1,122,004, 669,633, it is enough to test a = 2, 13, 23, and 1662803;
wif n = 2,152,302,898,747, itis enough to test a =2, 3, 5, 7, and 11,
wif n = 3,474,749,660,383, itis enough totest a =2, 3, 5,7, 11, and 13;
sif n < 341,550,071,728,321, itis enough to testa=2, 3,5, 7, 11, 13, and 17.

Using the work of Feitsma and Galway enumerating all base 2 pseudoprimes in 2010, this was extended (see OEIS: AD14233), with the first result

shown using different methods in Jiang and Deng:['?]

sif n < 3,825 123,056,546,413,051, itisenough to test a =23, 5,7, 11, 13, 17, 19, and 23.
oif n < 18,446,744,073,709,551,616 = 284 itis encughtotesta=2 3,5 7, 11,13, 17,19, 23, 29, 31, and 37.

Sorenson and Websterl'] verify the above and calculate precise results for these larger than 64-bit results:

»if n < 318,665,857,834,031,151,167 461, itisenough totesta=2, 3, 5,7, 11,13, 17, 19, 23, 29, 31, and 37.

L\Aakf\wd orewnwew j GeT: Consider NP wvs P[PD\d o

va NP . (oM’ﬂ’m{'J O()f eolh ", alj vorceheys

frod
XNP’A 5 yP,“ , A vk

Nz, 2 fome K
PONP £=> Xy, € Xp &

’

Moste fure Xypa® Xpa

M Afe Fools (fm» }La_[)mudJ\‘ov\ %ﬂ«d

X R
¥ N AJ*.O* (R' on .
Dibit downs  Consis o s o (1) - €%, %)
&X
wWhak 5 dho osbit °j &1*5’)

o V™Lawd J.D"“"UL”

[ : Gly ) %
Mﬁjmwﬁw MN}LO“# L/

C LALSICAL ComPLEXTTY G\ CT

A Pfob\m/ 'jc‘“'\{/ A< be &W@&_ P"? on On J_g \/o.u.‘e_f(y

. <« s - Vel |

Week 7 Page 5

R Y



A Pro(o\m/ C"“*"\{' A= be Lbunf?wre_d_ prooo J y
’J( ~3 PJCF T ‘Pt} Lie in Mot sawma GL -orbet
- Y v N P 5
RLJAM—J( lon  bfw :F?, 9 ohow j o~ 7«9«')
R cdukion blxd o biboy Joiny Oefions ej Lemite ajympdwwh
- 32 4
+ =3 :P INTREIS Gj — orbit lvue

oY - /Anﬂwz_ m hon. P‘!/ Lo s
\); @m ) , Exd C\D att on Qyw\ C\l)
L. PC‘Q =P CE")

DQA’\ EP‘MLA’-J- n- 'Pb\ﬂ ?m—% perm, (G g{f':“(-\Q

' . C‘J‘L{—m 2 MAPuM"’
Do de(pams) em=n’) c=> EnLY ;7

ENL(,\I) , Le oLV = L:NL(,\Q

'U/ ¢ G LOY)
e EL(INGLO) | Hhow encl (A)  xt
dim A= A

C - 0P
GLON). dedp  da dlome & E ad (V) At
ﬂz;u.,)orﬁi'}:
DET,M:: LY. d = End CY). dat,.

o
PER” = GLAD. 5T P

G’ﬂ-‘u— [Q’,’rexg{'l\waﬂ j \Vodtaut's bﬁa&lm-;u] Whan ™M= ™

5™ puany ¢ DETm <> PER G & DE

°Y
J

Week 7 Page 6



Drb{{ Clotvans 4 N
&M @ T[\U . CJsAuxM"& %W»?Of\o"—

® @j hdw)'){\nd oxe a.Xj.\IMJM

W a*ar(o«l* W.. 4)\“""""7 7

v (kmu,"u}-aeﬂt bJ '}'e\u'.& f':j* LR

b e Caurte - ”
x&alocvﬁ

@ ?QAVL% dod o Zec,u‘a.\ .. U.LA |
@ Pom ¢ dod Xo,ﬁ‘\‘s'b o nofon (A P

I "'Lu.v:\u\s C:'}m‘l. XLUL'R\V\. | e
e I Lo &;\']1\1«*-40”27”1‘— ""P §J
\{O\k (o /Aak &i 'YV\\A-I-"tW)(A(L‘,'\ j &Lu) OJ-}JD'A O:J:N_
’h\l—— (o- on!)mf\e, Alongs winsrt
Pulalul {Fa&ww\u\k

— - ——
T & on Ty (oo
Ma.w'}\u L Aw hew (o_?‘uwd&}\ov\ N “f

Cowndar. The ?‘lj ’LzJ )
Aye L [ary) Rl —113] = wilipe
T ot wi () =3
X ) . 7:_%3 s
Cheak fok: L (@ees) )

Week 7 Page 7



: waer mut e
@W :!f (Dl\')‘-.\t\\&.:)fj) 0-\17 P([j M Vamgtm Q:‘ML kd::m‘-d .
Vamish ok o&:f Thas  we o{a%wu_ b

‘”’/"C"!}J):Z

@ We Can dnzfxv\a_ bocder. ¥ — ang &w?\mb v'::”-“— o N
ok vl we
@or&a& ConPlonhy mMeamno ace Cornens -
@ (o¢ NLVNJAM% pury Usred. CEM,UALN.% Zorsla \ ) Fhus G(’ U
o j \ldeL A d"“"‘“”‘u . A’\S” GL arks On

e GLT- &r}dlc u'xw@ﬁ P

ordar wouu‘:j

I R e
2 ‘o — A+ J) —_ o ) ¢ = (— , }
%J“ I(GI:—)O e 3¢
3
xy = lim {QJL r e85 9D + stg'lﬂ
J £ 50

N Mo Polygravnial
T s Cmbe ﬁo‘ﬂdjmu :ZQ wsf‘g
%g)(f‘ o He pt (2 j)é% 0)

C\&N}\&U&Cﬂj we (o~ Lo.a
M 9 @) - Cw}.\fxf)K— e)tm,"}j

\ — e T
ar, (-~

d’h-hijpo\} zj WA £ 2

V L
YY\ovxo\'ol oY BL‘L’

ronolct OTBFT
%Qd E ML@:—)a @{'js) =

ekt

Prooh kel Hod fuch clorusn o oAy Uosety

—

Vi ¥ 2
/ JZ 27 ove Rasb
F
)
17,

Week 7 Page 8




By Sheatf Fhnis Cotve-d
Ewdxdesn dM“L)
bv:t f\o't Zo-—vxlu elored_

\\ els )

Chosallests Hum £l Hak ocbit donuss (kg clond
ot aedey %
Ceh(;(e:"b M.M,)lc, Otw VME(N\_’? f'lJ"""""“’k’"

w?’ b 2 diem Epaa wx""k banrs ’71?; ”tj)vz |
gfj @) — &’) (d-u](u— 3 }\om&jw"‘JP\ﬂ" on Q_Ja..u)

X, = %Ie CD"\'ll waCh) = Lj

“
h= @ty
L= XI - = %'/O\%q'—rbma—l—cf‘} loo“—tuu.:g

§ Jr«' S|
# toc € Sy (S FEY) Aoa vty poly

dﬂulm (Wi g C/vtj>> :\__ 5
Prao" Ny = D at+ ’L«Ld-f— fj

L L
” b C

L boe =0 <l

noW\.«‘gJ\

— Can &zﬂah\n_ bo «das COMF[W‘{y otw av:jvv\o_ww_

Week 7 Page 9



_— Ce—w JL,LOQJNL é)or&n& Com}plm‘{y ¢ av\\j Ve

NP =+ VNP
— Sreagttoning o] Voliad mjechoss NP Aj}&
e dodt i oo T 2 NP o L ‘o[ NN
s . dﬁf\\{’ now &
VP = NP, b

3P = NP

—

VP < UNP bud cbad e

a—

Q:j_ Conndon gij @L) ond- Mb«j éL #,‘{;‘L(;’B L

Thas Qua (€D 5« 3o dim peprcrdodon o S,
bosis

l .
o0 g o§ A T
- (o) = = 1

=N

5 2. e - ‘-f

P (i) = g, £ 09 i m@gb
T o 3 MJLMQ,_

A«"\\‘M‘M"'
PR
gJML@Q—-) = Yy, wig> D L -y >

£ /\ L 4
M MLMALJ"OA(S gv

Week 7 Page 10



Adem ng (.@0 pE %&MW o Y

LV

cqr Repedatons o S (5 (57 )

Baxs fr Sym (QJ ZE) b
{&2 ob, al loL loc,c,j

J

A’UROI\(X S OnNn % @:) g,w@ ou,r[’o/\ on

G~ (5>E)

~ & ~C lﬁ-b«bc>
g 'YWZCQ _)> <6LC} Lﬁ; & #C/ ob +be > @:\/\ﬁ/_/
V‘/T/:Jr/\/v o Caiorioads
\ gz/
| (b~ uoc
j L/ leac B @@) ) L )



