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sl(2) homology
H I-z [Khovanov]
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Euler characteristics z(—l)iqj dim H; 2 (K) = J, (K; q)
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Poincare polynomial P2 (K;q,t) = Z tiq) dim H:% (K)
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Colored sl(2) homology :7_[_51_2,R

Categorify colored Jones polynomial LJ

[Cooper-Krushkal] [Frenkel-Stroppel-Sussan][Webster]
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whir;?\l cga‘regorify 7 [Khovanov-Rozansky '05]

HOMFLYPT polynomial ~ wmp  H; ;.

The (a,q) graded Euler Characteristics is the

HOMFLYPT polynomials
Pr(K;a,q) = Z(—l)iqjak dim H; ; ;. (K)
i,k

[Dunfield-Gukov-Rasmussen '‘05]

A triply graded homology #; ; ,, which is equipped

with a families differentials which relates it to
SI(N) homology.
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Colored HOMFLYPT
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Colored superpolynomials

Pe(K;a,q) = ) tiqiak dim 3 . (K)
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H{ (K) is equipped with a families of differentials
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Convert multiple summation to double summation using Bailey chains

atq™ 1;«.’);b
Py anat) = (—0 133+ ( (0 (—at g™ )

k=0 £=0 D)k

. 1 — at?2g?-1 ke
{ 2ol +1/2)6(f£—-1 {
<) @y }(fr-tgqﬁ‘lrmﬂ [‘(
& : - q

>~ kK 3 (= m‘q 1'() 1— 1
Pn(Kp<o0;a,q,t) = ZZ@ (" Qr(—at> "5 q)i

(= 1) (at?)Plqp+1/DUE-1) 1—at221 |k
| (at?q= 1 q)rs1 |/
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Checks for the conjecture

For a = g and t = —1, the formula reduces to
the colored Jones polynomial

t=-1 limit — colored HOMFLY polynomials.

[Zodinmawia, Ramadevi '11] []

SU(N) Chern-Simons theory — colored HOMFLY
polynomials

Twist knots upto 10 crossings for n=2,3,4



Checks for the conjecture

Kawagoe [arXiv:1210.7574 [math.GT]]

linear skein relation — colored HOMFLYPT polynomials
for twist knots colored by
symmetric representation

This matches with the t=-1 limit of our formula.
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Pnt1(Kp>0:a,q.t) = + (1 + a-_lqt_l)inl(Kp:}GE a,q.t)
W s

Annihilated by d,

a™ S(Kp>o)q—n S(Kp>0) £0 S(Kp>0) =1



Checks for the conjecture

Action of d,
Pn+1(Kp=o0:a.q.t) = m + (1 + (1._1(1t_1)Qf1_[jr1(Kp;g; a.q,t)
N~ N ——— —
Annihilated by d,
a™ S(Kp>o)q—n S(Kp>0) £0 s(Kpso) =1

pn-—kl(lfpc:{]; a, q, t) =1l (1 + (1_1(]t_1)Q;[_1|_1(f{p{[j; a. (q, t)

7
/ Annihilated by d,

a™ S(Kp<o)q—n S(Kp<o0) $0 S(Kp<0) =0




Checks for the conjecture

Po(K:a = g% t) = P"2(K:q,t)

Knot T’?’EEQ{H: q,t)
4 | PP+ttt 1
02 q+ gt + Qq‘if—z — q”ltd + ¢°tt + ¢5¢°
61 | mm+Fm +C gt at+ 42
To | g+ 2t +2¢%12 + 2¢*3 + 2¢°t + ¢5¢° + 710 + BT
81 qﬂlfﬁ T qulfu q4f‘1 + quJ + @7t + —}—r +qt —|— =+ 2
92 g+ ¢*t + 2¢°t% + 2¢t3 + 2¢°t1 + Qqﬁta n qu.ﬁ& 1Bt 1+ %8 4 g10¢Y
10, q31f3 T q’-’lf’-" T ﬂfﬂ +F fd- + -'lf.'l + @t gt + qz. +gt+ 5 2 19




Checks for the conjecture

Po(K:a=q* 1) = P=(K:q.t)

44 gﬂt?+5}—§+qt—i—

50 | g+ g%t + 2¢°%2 + g2 + ¢°t* + 50

61 | mm+aEp+ gt + S +2

g

To | g+ ¢t +2¢°% + 24" + 2071 + ¢51° + ¢7t5 + Pt

1 1 242
81 P q4f4 + qu_‘if..'i +q°t" + _*_f qt“‘ + 2

92 q -+ qgt + qufiz + gq t'j n gqut-i n Qqﬁta 4 2'—_?‘ f_t’ 4 thT L qﬂf_f'ﬁ + qlﬂtg

2
q7i”

104 qslfs + q’rlf'.- + we. + + -'lf-'l + Jf..'F + it + +qt + 5 +2

"If"’

Match with results obtained by the Mathematica Package KnotTheory



Classical A-polynomial

Knot complement HmmE) g3\K

Knot group 7, (K) =) fundamental group of S*\K



Classical A-polynomial
SS

Knot complement HmmE) g3\K

Knot group 7, (K) =) fundamental group of S*\K

Figure-eight knot

m.(K) =< a,b;bab ta *ba b taba™l =1 >



Classical A-polynomial

Representation of the p:m1(K) = SL(2,C)
fundamental group in

SL(2,C)



Classical A-polynomial

Representation of the
fundamental group in
SL(2,C)

p:1,(K) = SL(2,C)



Classical A-polynomial

Representation of the p:m1(K) = SL(2,C)
fundamental group in

SL(2,C)

p@:(g 1) p(b>=(fd o

bab la lba b laba 1l =1



Classical A-polynomial

Representation of the 7 (K) = SL(2 C
fundamental group in p:11 (K) (2,€)

SL(2,C)

p(@)z('g ;1) p(b):<_fcd ;1

bab ta tba b laba 1l =1
P4+d3—a?—a2)+3-22—272=0
d=3@+22 3% V@t r @@+ 723




Classical A-polynomial

Longitude | |l =ab taba ?bab la~1



Classical A-polynomial

Longitude | |l =ab taba ?bab la~1

Y *
= (4 5



Longitude |

Classical A-polynomial

| =ab taba“bab 1a™1




Classical A-polynomial

Longitude | l =ab taba ?bab ta1

—1 =2 =2
y =& i ) 4 5 L@+ T+ 1) (x+a 1 —3)

(- —2—ac 42y +1=0



Classical A-polynomial

Longitude | |l =ab taba ?bab la~1

Y *
= (4 5

-2

2 —1, =2 o
y=lrmem2oe g ) e ) S L ) (e oL - 3)

(- —2—ac 42y +1=0

Classical A-polynomial
Aldrry) =y + (0 —ax -2 —a L+ 73y +1



Volume conjecture

[Kashaev '95]
[H. Murakami, J. Murakami 'O1]

2 271
lim —Wlog Jo(K;q = e )| = Vol(S°\K)

n—soo N




Generalized volume conjecture [Gukov '05]
[Murakami]

n ——m o0



Generalized volume conjecture [Gukov '05]
[Murakami]

n — o0 q:eh—>1



Generalized volume conjecture [Gukov '05]
[Murakami]

n—oo g=e'—1 z=¢"=e"=fixed



Generalized volume conjecture [Gukov '05]
[Murakami]

n—oo g=e'—1 z=¢"=e"=fixed

n — oo h
h — 0

lim Jn(K;q:eE’) = exp (lSo(m)—l—...)



Generalized volume conjecture [Gukov '05]
[Murakami]

n—oo g=e'—1 z=¢"=e"=fixed

1
lim Jn(K;q:eR) = exp (—So(m)—l—...)

n — oo h
h — 0

So(z) = Vol(S3\K) + iCS(S*\K) + [, % logy



Generalized volume conjecture [Gukov '05]
[Murakami]

n—oo g=e'—1 z=¢"=e""=fixed

1
lim Jn(K;q:eh’) = exp (—SO(CE)+...)

n — oo h
h — 0

So(z) = Vol(S3\K) + iCS(S*\K) + [, % logy

/

Integration done the zero locus of the A-polynomial: A(K;x,y)=0



logy =

Generalized volume conjecture [Gukov '05]

i

dx

lim
n—o0,q=eh—1
r=e"" =fixed

!

A(K:x,y)=0

[Murakami]

log J,(K;q = €")




Super-A-polynomials
[Fuji-Gukov-Sulkowski ~Awata '12]

Asymptotic behavior
of Pn(K;a,q,t)



Super-A-polynomials
[Fuji-Gukov-Sulkowski ~Awata '12]

Asymptotic behavior —) Classical-super-A-polynomial
oF Palltia.a.0 AP (K 2,y a, 1)



Super-A-polynomials
[Fuji-Gukov-Sulkowski ~Awata '12]

Asymptotic behavior —) Classical-super-A-polynomial
oF Palltia.a.0 AP (K 2,y a, 1)

n — 00 g=e" —1 x,a,t = fixed



Super-A-polynomials
[Fuji-Gukov-Sulkowski ~Awata '12]

Asymptotic behavior —) Classical-super-A-polynomial
oF Palltia.a.0 AP (K 2,y a, 1)

n — 00 g=e" —1 x,a,t = fixed

lim  P,(K:a,q=¢e" t)—exp( /—logy—l— )

n —oo
h— 0

ASP (K e, y5a,t) = 0



Classical super-A-polynomials

ook 1
i _ (—alq "iq)k , 1_ n—
Pr(Kpsoia.q.t) = (—t) ”szqk( — (g1 (= at3q™Y; g

1 — at?q?t-1 k
¢ 2\ pl +1/2)6(£—-1 {
<D et }(“'f2q€_1:Q)k—|—1 [f

s 4 q




Classical super-A-polynomials

atq— 1'( _
pn(jip}ﬂ a. Qf _ ) n-l—lzz k( ’ ( 1— n )L( af3 n 1,@)&:
—= (45 )k

1 — at?q?t-1 k
1 2\pl (p+1/2)6(6—1 {
<) ety }(“'fgqg_léfl)kﬂ [f

q

z=e w=e€



Classical super-A-polynomials

ook 1
P _ (—atq @k, 1 .
Pn(Kps0;a.q.t) = (—t) ”’szqk( _ (" " @)e(—at’> i
k=0 £=0 (4 9

1 — at?q?t-1 ke
¢ 2\ pl +1/2)6(£—-1 {
* (=D Hat?) q[p o }(“'tgqg_lﬂ)kﬂ [f

q

L ohk A

(A ) ~ e (12 -Li20")



Classical super-A-polynomials

ook 1
Pn(Kps0;a.q.t) = (—t) HHZZQ;C( _ (" " @)e(—at’> i
k=0 £=0 (g 9

1 — at?q?t-1 5

Cr 2vpl (p+1/2)6(6—1 {

(=Dt qu o }(”'tgqg_l?@k—l—l [f '
q

L ohk A

(X @)y ~ e (12)-Liz0"))

Pu(Kp;a,q,t) ~ [dzdw ot (WK izw)+0(m))



Classical super-A-polynomials

o k 1
P — n (—atq 1)k, - 3
Pn(Kps0;a,q.t) = (—t) “”ZZ@M _ (" Qr(—at* "5 q)i
k=0 £=0 (g 9

1 — at?q?t-1 5
Cr 2vpl (p+1/2)6(6—1 {
(=Dt qu o }(”'tgqg_l?@k—l—l [f

q

L ohk A

(N;q)k ~ e%(Lb()\)—Liz(Aq"“))
Pu(Kpia,q,t) ~ [dzdw ot (WK izw)+0(m))

2

—~ 1
W(K,so0;2,w) = —logxzlog(—t)— % +imlogw + p(loga + 2logt) log w + (p + 2) (log w)?

+Lig(z™ 1) — Lig(z~12) 4 Lis(—at) — Lis(—atz) + Lis(—at’z)
—Lig(—ﬂtSZEZ} - Lig(atQTU) -} Lig(atQ'wz) + Lig(w) + Lig(zw_l)



Classical super-A-polynomials

— 2 1
W(Kp<o; 2, w) = —% +imlogw + p(loga + 2logt) logw + (p+ 2) (log w)?

+Lig(x™ ') — Lig(z ™ '2) + Lia(—at) — Lis(—atz) + Lis(—at’z)
—Lis(—at’xz) — Liy(at?w) + Lis(at*wz) + Lis(w) + Lis(zw ™)



Classical super-A-polynomials

m 2

1
W(Kpco;z,w) = 3 +imlogw + p(loga + 2logt) logw + (p + 2) (log w)?

+Lig(x™ ') — Lig(z ™ '2) + Lia(—at) — Lis(—atz) + Lis(—at’z)
—Lis(—at’xz) — Liy(at?w) + Lis(at*wz) + Lis(w) + Lis(zw ™)

The leading behavior with respect to 1 comes from
the saddle points



Classical super-A-polynomials

— 2 1
W(Kpco;z,w) = —% +imlogw + p(loga + 2logt) logw + (p + 2) (log w)?

+Lig(x™ ') — Lig(z ™ '2) + Lia(—at) — Lis(—atz) + Lis(—at’z)
—Lis(—at’xz) — Liy(at?w) + Lis(at*wz) + Lis(w) + Lis(zw ™)

The leading behavior with respect to 1 comes from
the saddle points

dﬁ"(hp, zZ,w,T) 0= dl;':f’{ Kp;z,w, )
0z - ow

(z,w)=(zo,won)

(z,w)=(zo,wo)



Classical super-A-polynomials

— 2 1
W(Kpco;z,w) = —% +imlogw + p(loga + 2logt) logw + (p+ 2) (log w)?

+Lig(x™ ') — Lig(z ™ '2) + Lia(—at) — Lis(—atz) + Lis(—at’z)
—Lis(—at’xz) — Liy(at?w) + Lis(at*wz) + Lis(w) + Lis(zw ™)

The leading behavior with respect to 1 comes from
the saddle points

317'\;5-(}{;}; zZ,w,x)
0z

B ONW( Kp;z,w, )

=
dw

(z,w)=(zg,wp) (z,w)=(zp.wp)

aﬁ’(ffp;zﬂ,wm)

super-A-polynomials Yy = exp (:c P



Classical super-A-polynomials

For p>0
LI'J[](I — ’?D}[:l + ﬂf?g}(l + G.iSI?[]}
1= _
r(wp — z0) (1 — at?wpzp)
| — _aptgp-wnp{ug — 20)(1 — at?wy)
(1 —wp)(1 — at?wgzp)
Y= — (x — 1)(1 + at®z2p)

t(x — zp)(1 + at3z)

For p<O
1 — wo(z — z0)(1 + atz)(1 + at®zzg)
r(wp — z0) (1 — at?wpzp) '
) _aptzp-wgp(wﬂ —zp)(1 — atlwg)
(1 —wp)(1 — at?wpzp)
(z — 1)(1 + at3rzp)
y p—

(z — z0)(1 + at3z)



Classical super-A-polynomials

For p>0
uuu(T — :m} (1+ m‘,,ﬂ}(l + ﬂtdlzn}
= 2
T(w] _ ?(})(1 — at=wgz .[]:]
1 — _ﬂpﬂpmup(u.ﬂ — ~EI) .]_ _ ﬂ-tg'h'_,-u)

[:1 — H-‘(}:]lil — at? wWozo)
(z=1)(1+ at’xzp)
t(x — z0)(1 + at3z) °

1 =

y:

For p<O

_wo(z — 20)(1 +atz)(l + at3zrzq)
:I!('i‘.r_-'.[] — 3(}}(1 — at?wpzp) ’
aptzp-wgp(wﬂ — 20)(1 — at®wp)
I:_l —wp ) (1 — at?wpzp)

(z — 1)(1 + at3rzp)
(z — z0)(1 + at3z)

Eliminate z, and w, to find classical super-A-polynomial



Classical super-A-polynomials

Knot

ASPE (s, s ayt)

52

4
Y

— thg_g (2 —xttr 202+ 370 +at’2? +dat®2? — 2at 2 4+ 2at*z® 4 2at’ 2 — at® 2t + 247721 +
2a2t6334 o a:?tSaTS 4 (-!,21‘-?3.?5 4 aEthS)y3
27 . E - -
— (;:—{—ti"l—zi;}_ﬂl +tx — 2t%x + 26222 — 26322 + dat®z? +t12? - 3t'x? + atz® — 2at’2® + dat®zt —
atsx)y
datbz* +6a%t2* —dat" 2z + 3at" 2 — *t7Tx” + 22152 +2a% %25 — 202720 + 4619 2% + a* 025 —
a.?.tlﬂm? +2a3tllw? +{14t12£8)y2
+a3t3|:—1—|—1‘}2:r‘2
(1+at3z)” i i
atbzt + 202172 + a2t x” — a2t%2° + 2a%1%2° + 2a°% 1026 )y
o aPti(—1+42)327
(l+at3m)3

(1 +tx — 2o — 2% + 2at®z? + 2at*z? + 2at*z® — 2at’z® — 2at’z” + 3atz* +

At t=-1a=1, it reduces to the classical A-polynomial




Classical super-A-polynomials

Knot

ASPE (s, s ayt)

52

4
Y

— th‘a_g (2—z+tx— ww+3t2 2 +at’a® + dat’ 2 — 2at*z® +2at 2 4+ 2at’2® — at’ 2 +2a% 72  +
2a2t6:1?4 o aQtSmS 4 ait?:FS 4 aEthS)y3
20 . . . -
— LH—?}— 1 +tz — 2622 + 2t%2% — 2t°2? + dat®2? + t12? — 3tta® + at?z® — 2at’2® + dat’zt —
(14-atd3z)“yd
4atbz* + 60tz — dat "z 4 3at" 2’ — a®tT 2 + 2021525 4+ 2a%t525 — 202125 + 403125 + 0211025 —
a.?.tiﬂm? e Qa,?.tllw? e {I4t125’38)y2
_|_0531‘,3(—Il—l—:t'}za_“"2
(1+at3z)” i i
a’tbz* 4+ 4at"x + a®t" 2 — a®t%2° + 2a%t%2° + 2431025y
_ a5t11(—l—ﬂ:)3ﬂ,‘?
(l—atam)g

(1+tx — t2x — t32% + 2t z® + 2at*z® + 2at'z® — 2at°2® — 2at52® + 3atSz* +

At t=-1a=1, it reduces to the classical A-polynomial

AP (K x,y;t =—1,a=1) = A(K;x,y)




Quantum A-polynomials
[Stavros '04][Gukov '04]

iy (K q) = q"Jo (K q) GJn (K5 q) = Jnt1(K; q)



Quantum A-polynomials
[Stavros '04][Gukov '04]

i’Jn(K; (}) = q" n(K; Q) E;'JH(KEQ) = JR—H(K;Q)

Quantum A-polynomials =)



Quantum A-polynomials
[Stavros '04][Gukov '04]

iy (K q) = q"Jo (K q) GJn (K5 q) = Jnt1(K; q)

Quantum A-polynomials =) E(K;;i‘:.},ﬁ; q)Jn(K:;q) =0



Quantum A-polynomials
[Stavros '04][Gukov '04]

iy (K q) = q"Jo (K q) GJn (K5 q) = Jnt1(K; q)

Quantum A-polynomials =) E(K;;i‘:.},ﬁ; q)Jn(K:;q) =0

bi(Z, @) Jn+k (K5 q) + -+ -+ bo(2,q) Jn(K;9) =0



Quantum A-polynomials
[Stavros '04][Gukov '04]

i’Jn(KQ Q) — ann(K; Q) ﬁJn(KEQ) = Jn—f—l(KEQ)

Quantum A-polynomials =) E(K;;i‘::,ﬁ; q)Jn(K:;q) =0
bi(Z, @) Jn+k (K5 q) + -+ -+ bo(2,q) Jn(K;9) =0

o . -
A(K;2,9:q9) = 350 b (2, 9) 9’



Quantum A-polynomials
[Stavros '04][Gukov '04]

rJn(Kiq) = q" Jn(K;q) GJn (K5 q) = Jni1(K5q)
Quantum A-polynomials =) E(K;i’.’,g}; q)Jn(K:;q) =0
bi(Z, @) Jn+k (K5 q) + -+ -+ bo(2,q) Jn(K;9) =0

]

~ A k - A
A(K;2,9:q) = D50 bj (2, 9) 9’

E(K;d‘:,g’);q: 1) = A(K;x,y)



Quantum super-A-polynomials
[Fuji-Gukov-Sulkowski -Awata '12]

tPn(Ksa,q,t) = ¢"Pn(K;a,q,t)
(Q;Dn (K: a, q, t) — Pn—l—l(K; a, q, t)



Quantum super-A-polynomials
[Fuji-Gukov-Sulkowski -Awata '12]

TPn(K;a,q,t) = ¢"Pn(K;a,q,t)
?};Dn (K: a, q, t) — Pn—l—l(K; a, q, t)

A(K; &, 550, q,t)Pn(K;a,q,t) = 0



Quantum super-A-polynomials
[Fuji-Gukov-Sulkowski -Awata '12]

tPn(Ksa,q,t) = ¢"Pn(K;a,q,t)
(Q;Dn (K: a, q, t) — Pn—l—l(K; a, q, t)

A(K; &, 550, q,t)Pn(K;a,q,t) = 0

Asuper (:Z‘ y; a, t)

Asuper E a )
N
refr~ - def
A i({L‘ Y, q ) AQ LL’ y;a Q) Aref(xjy t) AQ def(a:. Y Cb)



Quantum super-A-polynomials

Knot AEUP'EI{I‘:’.'; T, Ui, q, t}
52 |4
ﬂ(l"'ﬂﬁ'd‘ﬂi'g 3., 8,- 2.9. 3.3. 4.9.9 1,2-2 , 5.9.2  §,2.9
_q[l+gq2L:Ij{L+EQLHIEJ£1+‘I_q T+ tr—gt'r—qt r+qt°r tag tr +gq t T~ +q f“r +
agt s +ag t i +ag t i tagitt i —ag ' —ag i +ag td +ag '3 tag 3 +agt it +

B.,5-4 2 4.5 - 2 6.6=4

qimd_l_ﬂqu_l_ﬂiq'?tﬁi_d 0,6 =5 3_10

—a?g %" + 2?72 + ot "t

2 5,54
e gt —ag i +a
2(~1+q22)(1+ag?t352) (1+agdt35?)
a +q°T J| 1+agqoi”r +aq T - P - 3.0 - -3 =3 =3
_ — —— — — 1 E‘t _ t_ _ _EE Btg . '51E2' . tﬂ- .
la;r[1—I—ﬂ-q;rz":e}lI:1—|—|34;|"'J:'i:.r:g|[1-I—va!'ji'—’_/;ll[1=I-I-ava;n:'5':.|:J (1+q7tz . grr gtz gttt + gt fattz +
i +ag’t’i” — ¢'t°37 + ag't i + g7t + ag’t'd — ¢'t'3 — ag't'E - Pl —

i

o' i fagitle? —agt® s —ag tPE 4agt s 4ag'tid —agt @ —agt @ +agtd +agtal+
aq t°2' +ag®t® 2 + a®qttd? — ag® %3 + 0?52 — ag't®2Y + 20 %3 + @2 152" — ag 55 +
276 ad § 6 2d 4,7 =4 6,725

g t° —ag® 153 —ag't"#' — 200"t —ag®t i — g +ag®tTE + ot fag TS+
aqat?fa—ﬂiqst?i'ﬁ +ﬂ2q3f5i'5 +a2q~113£.5_EEthEi.E_ﬂﬂqﬁtﬂfa_i_ﬂiq'ftﬁij _l_ﬂ?thEi.E +a2q?13£5+
42’ 0 +a P05 — a2 5 +a g 05 — a2t 2 a0 el 105 —a Pt T +
1-7 + ﬂaqsflli? +uiqﬂt12£,3:|yﬂﬂ

aqt12(—1+q#)(—1+q°%) (1+agit®s?) (1+ag®t32?)

[1+az'~"ij§l+uqz'~"fj[1+uq'**zﬁi}[q+u53if}u[l+aqz'~“iﬂ_}
aqt'i® +ag t'i® +aqt's® +ag” i’ —agt® s — ag’t°i” — ag’t®i® —ag’ %5 + ag’ %3 +a g %5 +
ag't®z! + ag®t5z! + 0?72 4+ 2@t + a?qM T2 + a?gt T2 + a7 — a?g it 4l +

azthgis +a3q3t1ﬂ'£‘6 +ﬂaqdfmi‘.ﬁ}§r

(q+qti—q tii+at’ i —q @ +ag't’s +

@@t (—144)d7 (—1+g#) (- 1+¢° %) (1 +ag’t®#? ) (1+ag't* 27 ) (1+ag 3
(1+at* ) (1+aqt®z) (1 +ag2t> 3)(1+at T2 ) (g+at 22 ) (1 +aqt>F2 )




Colored Kauffman homology

Colored Kauffman homology for trefoil and figure
of eight knot colored by symmetric representation

arXiv:1310.220
[Satoshi,Rama,Z '13]



http://arxiv.org/abs/1310.2240
http://arxiv.org/abs/1310.2240
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