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Mean-Field Games: some references

o Inﬁnite nUmber Of agents: Borel 1921, Volterra'26, Hotelling'29,von Neumann'44, Nash'51,
Wardrop'52, Aumann’64, Selten'70, Schmeidler'73, Dubey et al'80-, . . .
o Discrete [time/state] mean-field games:
@ Jovanovic'82, Jovanovic & Rosenthal’88, Bergins & Bernhardt'92, Weibull& Benaim'03-, Weintraub, Benkard,
Van Roy’05-, Sandholm '06-, Adlaska, Johari, Goldsmith’08-, Benaim & Le Boudec’08-, Gast & Gaujal'09,
Bardenave'09-, Gomes, Mohr & Souza'10-, Borkar & Sundaresan’12, Elliott'12-,Bayraktar, Budhiraja,
Cohen'17- . ..
@ Continuous-time mean-field games
@ Krusell & Smith’98, Benamou & Brenier'00-, Huang, Caines, Malhame'03-, Lasry & Lions’06-, Kotelenez &
Kurtz'07-, Li & Zhang'08-, Buckdahn, Djehiche, Li and Peng'09-, Gueant’'09-, Gomes et al.'09-, Yin, Mehta,
Meyn, and Shanbhag'10, Djehiche et al’ 10, Feng et al.10-, Dogbe'10-, Achdou et al'10-, LaChapelle'10-, Zhu,
Basar'11, Bardi'12, Bensoussan,Sung,Yam,Yung'12-, Kolokoltsov'12-, Carmona & Delarue'12-,Yong'13-,Gangbo
& Swiech'14-, Pham'16-,Fischer'17-,Nuno'17-, . ..
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Risk-Sensitive Mean-Field Games

@ risk-sensitive cost functional vl log (Ee”’c')

@ small risk-sensitive index: the performance includes the expected
expected cost, the variance of cost and higher moments

o different behaviors: risk-seeking, risk-averse, risk-neutral, mixture

Refs: Zhu,Tasar, Moon,Saldi, Raginsky, Djehiche, ...
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Mean-Field-Type Games: some references

@ One decision-maker or mean-field-type control:
@ Buckdahn, Djehiche, Li and Peng’'09-, Andersson& Djehiche et al' 11-, Buckdahn, B. Djehiche, J. Li'11-,
Bensoussan, Frehse, Yam '12-, Carmona & Delarue’12-, Elliott, Li, Ni'13-, Yong'13-, Wang,Zhang'14-, Lauriere,
Pironneau'l4-, Bayraktar, Cosso and Pham’16-, - . ..

@ Cooperative mean-field-type games

@ (Cisse et al. 2014-, Djehiche et al' 17-,Barreiro-Gomez et al. . ..
@ Mean-field-type games

@ Ruimin’12-, Hosking'12-,Chen & Zhu'l4-, Tcheukam et al16-, Duncan et al. 18-, Barreiro-Gomez et al.'18-,
Aurell'18-, Choutri'18-, . ..
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. Mean-Field-Type Control D Mean-Field-Type Games
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Risk-Awareness in Engineering

Power
Systems

Drinking
Water Rt

Networks I!n. |

Interdependence!
System of Systems
Network of Networks
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Mean-Variance Paradigm (Portfolio Proble

/ $ \ Diversification Problem

Asset 1 Asset 2 A way to invest optimally
Expected return Expected return while red ucing risk
E[X]=r EX]=r

Standard deviation Standard deviation
. sy | max (BIX] - yar(0)

Actual return Actual return
[r—o1,7+ 1] [r — 02,7+ 03]

Asset 2 can give a higher return
but it is more risky!

Nobel Memorial Prize in Economic Sciences 1990.

@ H. Markowitz. Portfolio selection. The Journal of Finance, 7:77-91, 1952.
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Variance-Awareness
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control
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Variance-awareness: stylized case

Let e € (0,1), 0 <t < t7.

Variance-aware control problem

infa [ [Is]|*p(t1, ds) — (1 =€)l [ yu(ts, dy)|?

+3 L [ a(t, s)|Pu(t, ds) + 2 [ a(t, y)u(t. dy)|]dt
subject to

we(t,s) = —divs(a(t, s)u(t,s)) + Asu(t, s),

1(to, ds) = po(ds)

Legendre-Fenchel Duality: A/(x) = A/*(X) for A >0
2

x2 p
AT = o

Tembine (NYU) MFTG Y 11/ 48



Optimal Cost

Optimal Cost

V(t, 1) = infa [ |IslP(tr, ds) — (1 — )| [ y/i(ts, dy)|
. +3 [ 1S a(t, s)IPA(t, ds) + 2 [ a(t, y)i(t, dy)||]dt
subject to

fie(t,s) = —divs(a(t, s)ii(t, s)) + Asfi(t, s),
ﬁ’(t7 dS) = p(ds)

Wasserstein gradient

ZCEERA(CACMIO)

Quantities-of-interest: (V/,a*)

Tembine (NYU) IPAM 12 / 48



Variance-awareness: stylized case

Consider the following HJB equation in (to, t1) x P2(RY) :

Bellman

f||\7 12 1(ds) + (1 =)l | Viupu(dy)|* + [ divs(V,)p(ds) = 0
t1, = [lIsl?p(ds) — (1 =€)l [ yu(dy)lI?,

a*(t75) = _2\7M(ta shu) + 2(1 — E)f \A/#(t'/)/-/ :u)/u(d)/)> )

V(t, ) = o(t) [ lIsIPu(ds) + (B(t) — a(t)|| [ yuldy)|? + 5(t) | u(ds),

& —4a% =0, a(t) =1,
B—4e6°=0, B(t)=¢
5(t) =2 [P a(t)dt'.

Tembine (NYU) IPAM 13 / 48




Explicit solution

o) = st
B(t) = m
3(t) =2 J* a(t')dt’ = Ylog (1 + 1ty
As we can see, there is no singularity formation within (to, t1) for any

€ (0,1).
The optimal cost of the variance-aware control problem is

V (to, 110) = a(to) [ IIs]|?0(ds)
+(B(to) — o))l [ yro(dy)||* + 6(t0) [ po(ds)

= mf HSH2M0(d5)
Jr(1+4e(t1 to) 1+4(t1 to))”fyuo(d)/)ﬂz

+3log (1+ L1505 ) [ po(dly)

Tembine (NYU) MFTG IPAM 14 / 48



© MFTG problem
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Semi-explicitly solvable mean-field-type games

Let ¢; € (0,1). | = 2 decision-makers.

Variance-aware game problem

infa, [ |Is|?p(ty, ds) — (1 — &)l [ yu(ty, dy)||?
+3 o [3 S llai(t, $)lPp(t, ds) + 5 || [ ai(t, y)u(t, dy)|*]dt
subject to
we(t,s) = —divs(zjgzl aj(t,s)u(t,s)) + Aspu(t,s),
1(to, ds) = po(ds)
This is not an exact potential game. (Rosenthal'73, Monderer &
Shapley'96)

Quantities-of-interest: (V;, a*)icr

Tembine (NYU) IPAM 16 / 48



Semi-explicitly solvable mean-field-type game

Consider the HJB system in (to, t1) x P2(R9) :

Bellman system

i€ {1,2}, A
Vie= IV u||2 (ds) (L= el | Viusalds)| + [ divs( Vi, u(ds)
22 [ty Vo pa(08) + 201 — (] V-1 i), | Vois(dy) =0,

Vi(ts, 1) = [ lIslPu(ds) — (1 — &)l [ yu(dy)|?

Idea of the Proof
Coupled ODEs.

Vie, ) = ai(t) [ lsPu(ds)+(Bi(e)—ar(e)] [ yiu(y) P+oi(e) [ u(as).

Tembine (NYU) IPAM 17 / 48



A Class of MFTG: finitely many agents

inf [ by u(e))uler,dy) + [ ) [ e 5, 1(0), a0, ds)ee

a;€EA;
subject to
we(t,s) = —divs(b(t, s, p(t), a(t))p(t,s)) + eAsu(t,s), (to,t1) X S
u(to, ds) = po(ds), {to} xS
i€’

a(t) = (ai(t))iez

w(t, dy) = uto?(t, dy) a measure of the state
Quantities-of-interest: (V;, a})icz

Tembine (NYU) IPAM 18 / 48



Bellman system

Domain: (tg, t1) X Pa(S),
Vie(t, p) + [[Hi(t, s, 11, Vi) — (Vi u, Vs(log p))]u(ds) = 0,

A

Vi(ty, 1) = [ hi(s, 1) p(ds),
iel.

Integrand Hamiltonian

/:Ii(ta 57”7 \A/M) = infa,-EA,'{/i + <b7 \A/I',llz>}

The HJB system {\7,}, does provide an equilibrium value (if any) in
state-and-mean-field-type feedback form

Tembine (NYU) IPAM 19 / 48



MASS

Hi(t, s, u, Us) = infaca{li + (b, Ui )}

MASS: Master Adjoint System

Domain: (tg, t1) X S X Pa(S),

U; t(t s, 1) + Fi + A U;

+J galfl — (Ui, Ve (logu)>]( u(ds') =
Ui(tr, s, 1) = hils, 1) + [ 5 [hi(s, i))(s")ua(ds"),
iel.

MASS {U,-},- is not necessarily an equilibrium value of the original
game

Tembine (NYU) IPAM 20 / 48



Solvability of MASS: LQ-MFTG case

hi = 3qinvar(s(t)) + 33i,6,5°(11) + ei3(t1)5(t1)

[ = (q,-var(s) +G;5% + rvar(a;) + F;é?)

+ <€i1COV(5, a;)+E€1153; + €23 + €135 + Xz €iakcov(ay, 3k)+5/4k5i5k> ;

b= bo + bis+ bi5 + Yj_1 bojaj + /1 baj3;
c=00+01s+ 55+ 34 ozjaj + S 02jaj

Y =0 7S+ 315 + i1 712j8) + 22j=172)

5(t) ~ sz, s(0) L {B, N, %},

bi(t,3); ox(t,3); bi(t,3); 7k(t,3) € R, 7(t,3,0) €R, 5€ S,
X = E[X|F],

ﬁ Basar. Stochastic linear quadratic nonzero-sum differential games with delayed information patterns. Proc. 7th IFAC
World Congress, pp. 1025-1032, June 1978.

Tembine (NYU) MFTG IPAM 21 /48



MATLAB Toolbox

E Name &
| Co_opetitive_scalar
#)) coopetitive_MFTG.p
#.) Figures_MFTG_ScCo_Op.p
#] MAIN_coopetitive_MFTG.m
# Problem_setup_coopetitive_MFTG.m
v [ Cooperative_matrix
fﬂ cooperative_Matrix_MFTG.p
#] Figures_MFTG_MaCoop.p
ﬁ MAIN_cooperative_Matrix_MFTG.m
‘_] Problem_setup_coopetitive_Matrix_MFTG.m
v [ Cooperative_scalar
#2) cooperative_MFTG.p
fﬂ Figures_MFTG_ScCoop.p
# MAIN_cooperative_MFTG.m
ﬁ Problem_setup_cooperative_MFTG.m
v [ Non_cooperative_matrix
#) Figures_MFTG_MaNonCoop.p
ﬁ MAIN_non_cooperative_Matrix_MFTG.m
fﬂ noncooperative_Matrix_MFTG.p
#) Problem_setup_noncoopetitive_Matrix_MFTG.m
v [ Non_cooperative_scalar
fﬂ Figures_MFTG_ScNonCoop.p
ﬁ MAIN_non_cooperative_MFTG.m
ﬁ noncooperative_MFTG.p
‘_] Problem_setup_noncooperative_MFTG.m

<

ﬁ J. Barreiro-Gomez and H. Tembine. A MATLAB-based Mean-Field-Type Games Toolbox: Continuous-Time version.
IEEE Access, vol 7, pp. 126500-126514, 2020.

MFT IPAM 22/
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Solvability of MASS: Beyond LQ-MFTG

State Cost Noise
Switching: g/ (a)
Drift: 0 = Z szss/(aj - ) + b2j~~/a
3 (2 — 3)2 + 7,32 .5
SI(Z %18. S0y s — 3 AT+ + Z byjssr (3 — 3)) + by 3

+ Z 0j53/

Drift: Z [qj aj — aj) + ?7]3]2
+eyj(a — aj) + €1;3j]
T={1,...,1}

N2, =22 - =
riai — )" + Fia; + &3;

Brownian: cdB
Jump: fe ~ydN

Drift: %cot(S;g )+ Z boj(aj — 3j)
+ cot(

)+ Z by3;
_ {1

((ai — 3)% — ,)_cosz(ff
+(37 — @i)cos’(5) + @

Brownian: cdB
Switching: Gzzr

Drift: %coth(s_s) + Z boj(aj — 3)
+35 coth

+Z bz]aj
={1,.

((as — al) + ql)COSh (7) —4qi
+(32 + G)cosh?(3) — G

Brownian: cdB
Switching: Gzz/

Drift (al — 31) + bi(s —3)
+bye(s — 5)(az — 32) _
—3y + b115 + b1oy + by3z + bpays
T={1,...,1}

—q var(x) — nr var(ay)
-

Brownian: o(s — 5)(ay — 3,)dB
Common noise: 553,dB,
Switching: Ggz/

Drift: by(s — 35) + byi(aj — 3;
if: by (= — 3) POICEEN
+b13 i3

1S+Zjszaj
Z={1,...,1}

Brownian: (s — 5)cdB

Jump: (s — 5) fe ~dN
Switching: Gzzr

Gauss-Volterra: (s — 5)ogydBgy

B J. Barreiro-Gomez, T. E. Duncan, B. Pasik-Duncan, and H. Tembine. Semi-Explicit Solutions to some Non-Linear
Non-Quadratic Mean-Field-Type Games: A Direct Method. IEEE Transactions on Automatic Control, 2020.

MFTG
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Solvability: MFTG with polynomial cost

(s(tl)—;kl(_tl))?kf + 3 (3(t1))i

L,'(S, a) = qi,tl

t1 _(S—E)Zki .(a,-—é,-)z i _'§2/_<; - 3
+ft0 qi 2k; + 7 2k; +q:27i+hz’7idta

inf,, E[L;(s, a)] subject to ) )
ds = [b1(5—5)+z bgj(aj )+b1§+2j széj]dt
(s — 3)[odB + fo1dN],

s(0) = so,
P(5(t +€) = '3, u) = [{ " Gewdt' + 0(c), 3 #5
5(0) = 3%,

where ki > 1, k; > 1 are natural numbers, the coefficients are time and
switching dependent,

Tembine (NYU)



Semi-Explicit Equilibrium strategies

Semi-Explicit Equilibrium costs

cost; = 35 [, Mo(dsoaso)[a:(to,so)M+Oé:(t0,50)2k]

Tembine (NYU) IPAM 25 / 48



&; + q; + 2kjaiby + ok (2/( — 1)0’
oyl -1 2m]u(de> + Saloi(t, §) — it 8)]ds
—(2k — 1)r( P T — 2kien[3 s bay(P )%7] =0,

al(tla )—q:(tl, ), SGS

ai(t1,3) = gi(t1,3), 3€ S

Tembine (NYU)



© COVID-19 and Spread of SARS-COV-2
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COVID-19 and Spread of SARS-COV-2

Virus: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
Disease: coronavirus disease 2019 (COVID-19)

Context-awareness

e Epidemic
e mobility map/pattern
locality, position, infection status, age, gender, family size
pre-existing health conditions (per locality)
probability of being exposed (coughing, sneezing, surface contact)
hospital capacity, testing capacity (per week)
pandemic-related decision-making for authorities, firms and individuals

@ Economic
o decision-making for authorities, firms and individuals related to the
economics of the Covid-19 pandemic
o Individuals: Consumption (demand), Firms: Production (supply)
e Authorities: Budget allocation

Tembine (NYU) IPAM 28 / 48



The authority in locality / decides on
@ Migration rules (lockdown, confinement, isolation, curfew)
o Budget allocation and incentives
Multiple objectives for authority in locality / :
@ reduce the number of deaths,
@ reduce the number of infected,
@ reduce economic losses
°

maximize the number of recovered

Long-term objectives subject to
constraints
dynamics

Tembine (NYU) IPAM 29 / 48



Consumption goods firms

Firms (producing essential, moderate-essential, less-essential goods) in
locality / decide on

@ Production, Total working hours
o Budget constraint
Multiple objectives for j :
@ Reduce the number of infected employees ,

@ Maximize profit
Long-term objectives subject to

constraints
dynamics

Tembine (NYU) MFTG IPAM 30/ 48



Each individual’'s risk-awareness

An individual in locality / decides on
@ Meeting rate, local movement, consumption
Multiple objectives for an individual
@ reduce the risk of being infected,
@ maximize the probability of being recovered (once infected)
@ reduce the risk of exposing the others (if co-opetitive),
@ reduce economic losses

Long-term objectives subject to

constraints

dynamics

(locality, position, infection status, age,
pre-existing health, gender, height, family size)

for susceptible: economic: Iog(%)—l—bl(v spot) — —131 A2 var,(ar)

pandemic: s — q var,(az) — qa2 — ho(Ninfectious (Be(x )))||v||2 )\3 var,(v)
Tembine (NYU) MFTG Y 31/ 48



Example of state dynamics

m(t, 1, x,s,z,c) be a measure of people in

@ t= time

o | = (h, h, k) be a locality of a specific area /5 of the city k of
region/country h

@ (x1,x2, h) a geographical position of an individual inside the area k.

e s=infection status= (susceptible, exposed, testing, testing+, testing-,
testing-unknown, isolation-home, isolation-hotel,
isolation-point-of-care, hospitalized (active), recovered, dead)

@ z=age

@ c=pre-existing conditions ( ), diabetes(type 2), hypertension,
diabetes+high blood pressure ), gender, height, family size

Tembine (NYU)



Dynamics at a given location with testing
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Inflow-Outflow of infection status

s1=-5:
s =e:
s3:=p:
spi=a:

—S/Ase + € Xes +t_ 15 Xt_s + ty 18 Aeys + 0 Ner s
S/ Ase + F’I(1 - 5/)>\Pe +a(1 — 61))‘35
Ht_ 5 At_e + ty 18/ A tye — S Xet(l)e) — e hes — €/(1 — 51)Nea
—ej(agi(o]s, 2)(1 — 8))Asm + az(m|p, 2)(1 — 8;)Aep, /P/)+’/(1 — 8)Are
—pi(L = 8)Xpe — 2p1(az(m|p, 2)a(m[p))(1 — 8;)Apa 2 L a(1 — 8))Aap ol h,+,,,
+e(ag(ole, 2)(1 — 8))Asm + az(m|p, Z)(ll - 5/)>\ep,/P/)+’/(1 —8) A
- npy—
2py(az(mlp, 2)3(m|p))(L — 8)Apa P — (1 — 6))Aae — ay(1 — 51)*3;:#
+e(1 — 8))hea—2y(1 — 8)Aaq(/, 2, ¢) — a)(1 — 8))Aar(/, 2, €)
(1 =3 Xar(l, 2, €)a) — (1 — 8))Ap — (1 — 6)) Ars
(1= 38)Xaq(l, 2, )3y
8y Aee,t(1, )ty + 8y Xet(l)e) — f/‘s/)\t,mr — 0 N, t_ — t101 At ey
o Aee_ — t— 18 Ae_s —t— 15 At _e
t01 N ety — tu, 16 A tys — tu 101 At e
60/ At ey =t 10 A ey ot — t 0 Ny thy — tr 0 Ay tpe — 4 101 e, ey
&) contacting, verifying, making a list, suggestlng test

t 0Ny thy — thy 18/ A thy ,thosar1 3¢ (thy ) — Ly —thy 81 N ehy er — thy 18 Ay tpe
ti 18/ Aty tpc — tPCIO) Atpe, thos 33 3e3(tPC) — l) tpc; & A pe, tr

te, 101y thy — th2,181 Aehy  thos ar2Be2(tha, | — L) — thy 1822

thy /5/>\th1,:hosar13r1(fh1 1= 1)+ tpei 8 Agpe, thosat3at3(tpcl -1

+thy, 18/ Aty thos 2t23t2(th2, 1 — L) — thos; 81 Xshos, er — thoS; 81 Nehos, td
thos| 6/ Xihos, tr + thy 18/ Aehy er + tPCIO1 A tpe,tr + thy 161 Athy tr — tr6jAer,s
thos 8/ Athos, td
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m; = local (spatial) mobility

local spread of the disease: coughing and sneezing
local spread of the disease via surface contact
intra-city mobility in /3

inter-city mobility from/to b

international connectivity from/to

aging

population death

new borns with age 0,

number of hospitalized patients vs hospital capacity in /5
number of tests vs (weekly) test capacity in /3
initial population distribution

city architecture constraint

map constraint

Allowed /feasible mobility areas/exits

Tembine (NYU) MFTG IPAM 35 /48



Kolmogorov equation

me = —divyx(vm) + %trace[(o*om)xx] + fe[m(l, x —7,s,z,t) —m(l,x,s,z,t) + (mx, v)]v(do)

+ fB\/(X) m(l, dx’,s, z, t)q(x, s, z; (I, x', s, z,t, m, v)) — meV(X) q(dx/7 s,z (I, x,s,z,t,m, v))

+ Zsl#s f m(l, dx’, s’ dz’, t)g(x, s, z; (1, x',s", 2 t,m, A a, 6)) — st';z’s f Z7(dx', s’ dz’; (I,x,s,z,t,m, X, a, §))
+ ZI’;:’I3 f m(I',dx",s", z, )nz(l, x, s,z (I, x", s, z, t, m)) — mZI’;!I3 f (', dx’,s", z; (I, x, s, z, t, m))

+ Z/’#IZ f m(l',dx’", s, z, t)yna(l, x, s,z (I', %', s, z, t, m)) — mzl’#lz f m(l’,dx’,s", z; (I, x, s, z, t, m))

’ ) ottt _ ’ VR
+Z/,#/Lfm(l ydx! sz, il x, s,z (I, %! s, 2, 8, m)) mZ//;z/lf"l(’ ydx's" zi (1 x, s, 2, t, m))

—Vm; — d(l,z, m)
m(l,x,s,2,¢,0) = mo(l,x,s, 2, c)
m(l,x,s,0,c,t) = f b(/, x, z, t, m)m(l, x, 5, dz, ¢, t),
f Z m(l, dx, hospitalized, dz, c, t) < ¢(t)

c
f Z m(l, dx, testing, dz, c, t) < %(t)

(=
x € D,

1)

ﬁ Alain Bensoussan, Boualem Djehiche, Hamidou Tembine, Sheung Chi Phillip Yam: Mean-Field-Type Games with Jump
and Regime Switching. Dynamic Games and Applications 10(1): 19-57 (2020)
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Interaction term:

@ at work
@ shopping areas

@ home

Transition from susceptible to exposed:
m(l,x,s, z,c, t)/ﬁ(x’,x) infectious(t, dx’)
B(x', x) : physical distancing

B(X', x) = Ny (x,x)<e}

infectious states: {p, a, ty, thy, tpc, thy, hosp}
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Integrated model

)

Data
-

 — .
Covid-19
parameter

Model

)
Opti-
mization

)

Decision

| —
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Model calibration, verification and validation

Data at: CSSE https://github.com/CSSEGISandData/COVID-19/

@ Measurement data set of y(/,s, tx) for
I3k >2em(l, dx,s,dz, c, tk). The data y can be
noisy/inaccurate. Measurement : y(., t;) € R>*19

@ optimization step with the measurement y(/i, tx, s)

inf Z/ H//Zm(/ dx, s, dz, c, t) — fn(s, t)|2dt,

A,mg

where
(s, t) = my(s, ti— 1)—|— t,—t I)H(t, Ly (s, ti) — Ay(s, ti-1)) for
t € (ti-1, ti)-
@ Trajectory with data-dependent parameters
me(l,x,s,z,¢c,t) = f(l,x,s,2, ¢, t, \data, 3, V, 7, 0, m)
@ We repeat the procedure as new data comes
This leads to a data-driven MFTG model
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Implementation setup

Grid on the OpenStreet map

o h €{1,...,195} countries

o n(to) =3, ni(to) = 7.8 10° people

@ Local mobility on OpenStreet map complemented (with Facebook,
Google, Telecom, local transportation data)

o IMF, WB, WHO, CDC data for Covid-19 comorbidities, economic
policy per country

@ Example of prevalent conditions: diabetes, hypertension, obesity.
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COVID-19 Data as of March 30
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Reported deaths : Russia Reported deaths : Russia
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Reported deaths : Spain
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Data-driven model fixed parameter vs linear approximated
strategies

ar ——With Control 1
o Real Data Without Control |

2 1 1 1 1
0 10 20 30 40

Days
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@ semi-explicit solution to some linear-quadratic MFTGs with
S, ai, f}’M(ta dy)? f ai(t7 S)/’L(t7 dS),

@ semi-explicit solution to some nonlinear and/or non-quadratic MFTGs
with

@ s,a, fYM(dY)a f ai(t’ S)/L(dS),

e cos, cosh, coth

e Noise modelling: Brownian, Poisson, Fractional Brownian,
Gauss-Volterra

e HJB system for basic MFTGs
@ Master adjoint system (MASS) for basic MFTGs
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THANK YOU
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