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JlukBugHoctb N ®uHaHcosble PbiHKKN
e DuHaHCOBbIE PbIHKN NPEAOCTaBAAIOT Y4aCTHIKAM PbIHKA
nnaTopmy, rae oHu OBMEHMBAKOTCA PUCKAMU.

e VYcnyra TpaHcdepa pucka He sBsieTCss becnnaTHOI.
JlnkBugHOCTb - 3TO Mepa nnaTbl 3a gaHHyto ycayry (fees,
spread, price impact, resilience).

e TpaH3aKUWOHHbIE N3LEPXKKU, MapXXMHalbHbIE TpeboBaHus,
peno haircuts.
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JlnkBngHoctb 1 PuHaHcosblin Kpusnc

e Bonpocbl inkeBnaHocTn ctanm ocobeHHO akTyasibHbl BO BpeMSs
2008-2009.

[ ] HeﬂI/IKBVIJJ,HbIe dKTUBbI N NTNKBUAHbIE NAaCCUBLI 6aHKOB.
HecoctoaTtensHocTb 6aHKOB nau HENNKBUAOHOCTb aKTnBOB?

e OTTOK bHAHCUPOBAHUS Y4ACTO NPUBOAUT K JIMKBUZALMN
HENIMKBUAHBIX AaKTUBOB MO AUCKOHTHBLIM LEHaM, LIenHO
peakunm, NoTeHLManbLHO contagion u Konnancy baHkOBCKOIA
cuctembl. PasHornacue B oueHkax NMKBULHOCTY aKTUBOB
MOXKET OC/IOKHUTL paboTy pbiHKa pedrHaHCUPOBAHUS.

[ ] KaK MOXXHO OUEHUBATb JIMKBNOAHOCTb N YNPABAATb en (B
pononxeHue Kk capital & leverage requirements)
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Pedopmbl no nukeuagHocTu -I

Basel Il - munumansreie Tpebosanns k nuksugHoctTn (Hanpumep,
bonee Boicokne Tpebosanus B CLLIA):

e LCR (liquidity coverage ratio) - AOCTaTOYHOCTb JIMKBUAHbIX
akTUBOB ANs NOoKpbITUA 30-4HEBHOrO OTTOKA
dbrHaHCMpoBaH M.

HQLA(assets/ haircuts)

100°
30— dayNetOutfiow ~ +007°
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Pedopmbl no nukeuagHocTtu -li

Basel Il - munumansreie Tpebosanns k nuksugHoctTn (Hanpumep,
bonee Boicokne Tpebosanus B8 CLLIA):

e NSFR (Net Stable Funding Ratio) - gocraTtounocts
ponroepemeHoro cpuHancuposaHus (available stable funding)
NSl MOKPLITUS aKTUBOB NPU UX “NUKBMZaummn” C y4eToMm
anckoHTa nukeugHoctu (required stable funding).

MeHee pnckOBaHHbIE aKTMBbI MEHbLUE HY>XXAAOTCs CTabusibHOM
duHaHcupoBaHun u umetoT Hebonbwoii paktop RSF. Menee
cTabunbHoe chuHaHCMpOBaHME uMeeT MeHblunii Bec ASF.

KommenTapuii: B dopmynax muoro “sawuntsix” Becos,
CBSI3aHHbIX C NMMKBUAHOCTLIO. OnTuUMansHOCTL?
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JInbo dddekTnBHocTb JInbo HagexxHocTb

e Bonee adpdekTnsHoe ncnonb3osatme kanntana (MeHbLue
bydep kanuTana, gewesoe pUHAHCMPOBaHUE 1
nHBecTMpoBaHue B bonee “npnbbiibHbIE” HEAUKBMAHBIE
aKTNBbI) MPUBOANT K YCKOPEHMIO POCTA IKOHOMUKM 1
6onbwnm npubbiisam B DMHAHCOBOM CEKTOPE.

e Ho Takxe genaet cuCTeMy MeHee YCTOWYMBOIA K LLUOKAM W
BHyTpeHHUM aucbanancam (OWmMbKN Npu MHBECTULMAX B
HEenpaBuUbHbIE CEKTOPA) U MPUBOAUT K CUCTEMHBIM PUCKaM.

e [pueatnsayus npubeinn n HaymoHnanusauumsi yboitkos (risk
shifting) BegeT k HeobxogMMoOCTU perynuposaHus
¢prHaHCOBOro cekTopa (B MHTEPECAX HANOrONAATUIIbLLMKOB)

Yem Gonblue Mbl 3HAEM O JIMKBUAHOCTMA U U3yHaeM Hally
3KOHOMUKY, TEM JIEr4e HaTN ONTUMaJIbHYIO TOYKY B 3TOoM trade-off.
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laHHble

o MOHUTOPUHT - cbop arpernpoBaHHbIX NEPBOHAYANIBHBIX
AaHHbIX (KOHLEHTPauMs No KpeanTopam, BaitoTaMm, Aatam).
[anbHeiiwas nposepka U aHaNM3 JaHHLIX Peryasitopamm,
aHanu3 obuyein Mmakpo-cTabunsHoCTN.
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MukpocTpykTtypa PblHka
- 061acTb PMHAHCOB, N3yYatowas JNKBULHOCTD.

e Teopus (Teopus urp, nHPOPMaLMOHHAS SKOHOMUKA) ©
aMnupuka (Mano KayecTBeHHbIX UCneaoBaHuii no Poccun);

e Kro 3aHumaetcs N3y4HEHNEM J'II/IKBI/I,EI,HOCTI/I?

e [paktukn (asset managers, traders), perynsitopbl, COTPyAHUKM
BnpX 1 yyeHHble.

o MukpocTpykTypa Kak 4acTb PpUHAHCOBON SKOHOMUKM;
3KOHO(bI/I3I/IKa; MaTEMATUKA, CTATUCTNKa N NCCNen0oBaHNE
onepauuii/engeeniring.
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JInkBngHocCTb

o JINKBMAHOCTL MMEET pa3Hble acnekTbl: cnpea/spread ans
MafieHbKNX TpaH3akuuii, rnybuna peinka/market depth gns
Bonblunx TpaHsakumii, penakcauyms /resilience ans Tpansakuyuii
BO BpEMEHMN.

e OTcyTcTBUE 0DLLENPU3HAHHBIX MOLENel 1 OnpeaeneHnii.
Hanpumep, nsgepxkn na $1-tpansakuymio, Ha 1%ADV, na 1%
KanuTann3aunum, Ha CPEedHIO TPaH3akuuio?! B Aonnapax uim
% wnnn B egMHMLAX BONATUABHOCTI?

e [locTosiHHbIN U BpeMeHHbIl LeHHOBbIE 3dbdhekThl, permanent
and temporary impact.

e Paznanunbie market frictions MmoryT BAMATL Ha PbIHOK.

A.Ob6uxaesa, P3LL NIMKBUAHOCTE U MUKPOCTPYKTYPA PbiHKA 9/66



dopmyna ana usaepxek %Cost

N3pepxkn % Cost = F(napamertpbl pbiHka - 06bem, Bona,..;
pa3mep 3a8BKU; CKOPOCTb UCMOJIHEHUS,..);

® OLEHKN beHKLI,I/Iﬁ ANA KaXXaoro UHCTpyMEHTa Uan CEerMeHTa
PblHKA MO OTAE/NIbHOCTMN;

e ad hoc obwme ouenkn (Barra model, pabotsl Almgren et al);

® VHBApPUAaHTHOCTb MUKPOCTPYKTYpbl pbiHka (Kyle and
Obizhaeva) BHyTpeHHe HenpoTMBOpUHMBLIE POPMYIIbI,
TeopeTnyeckn 0bOCHOBaHHbLIE N 3aBUCSILLNE OT BCErO
HECKOJIbKUX KOHCTaHT.

DT HapaboTKM MOryT BbITh MCNONL30BAHHBI A/t HACTPOLKK
PErYASITUBHBLIX MPaBUJ N CTPECC-TECTOB, HO HeobxoanMbi
JanbHelilune MCCNeaoBaHMs.
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OcHoBHas lNpobnema - Low Stat Power

Mpegponoxum, yto 1% ADV geuraet ueHy Ha 20 bps, a gHesHas
sonatunbHocTb 200 bps. 3asiska obbsacHseT Tonbko 1% returns
variance. [Npn npasunbHo BbIbpaHHoii Mogenn R squared byger
paseH 1%!

Ons oueHkn Heobxognmo MHOro HabntogeHunii 06 ncnosHeHmn
o4YeHb BoNbLINX 335BOK.
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OcHoBHas lNpobnema - Selection Bias

ObbI4HO PYHKLMIO TPAaH3aKLNOHHBIX U3LEPXKEK CIOXKHO OLEHNTD,
TaK KaK OLEeHKMN ODbIYHO CMEeLLEeHbl 13-33 KOPPESiLUN MEXIY
TPaH3aKUNAMN N N3SMEHEHNEM LEH.

3asBKN yAANAOTCS, €CAUN LEHA U3MEHSIETCS B HEMOAXOAALLEM
HanpaBAEHMN, N YBEINYNBAIOTCS, €C/IN LLEHA N3MEHSIETCS B
BnaronpusaTHOM HanpaeneHWn. Tak Kak Camble JOPOrne 3asiBku
ByayT HE MCnosIHEHbI, a caMble Aelesble DyayT UCNOHEHbI, TO €CTb
n3aepXku byayT KasaTbcst HEBONbLIMMMN.
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Barra Model, 1997

“Active Portfolio Management,” Richard Grinold and Ronald Kahn,
Torre's model

%Cost = g - 0 -/ % + %spread

Q - 0bbem no3MUMM B KOHTPAKTaXx
V - cpeaHwnii aHeBHOI 06bEM B KOHTpaKTax
0 - OHEBHas BOJNATUbHOCTb B MPOLLEHTaX

a; =05 (mmm AP =1-0-+/Q/V pnsa nsmeneHns ueH)
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Almgren Model, 2005

“Direct Estimation of Equity Market Impact,” R.Almgren at el.

% Cost = % “ap o % (C\a/p)l/4 + oz - U(\/~Q'I'|;q>3/5'

Q@ - 0bBbEM No3MUMM B KOHTPaAKTax
V - cpeaHuii gHeBHOW 0bBbEM B KOHTpaKTax
cap - KanuTaansaums B KOHTpPaKTax

0 - JHEeBHas BOJIATUIbHOCTb B NMpOLlEHTaX
Tiiq - BPEMS NUKBMAALMN

oo = 0.314 n a3 = 0.142.
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MukpocTpykTtypHasa VHBapnaHTHOCTDL

“Market Microstructure Invariance,” Kyle & Obizhaeva,
Econometrica, 2016.

e Bce pbiHKI Nox0oXu, HO bonee NMKBUAHBIE PbIHKNA UMEOT
BbICTPOE BPEMSI, @ MEHEE JINKBUAHBIE PbIHKN UMEIOT
MEAJIEHHOE BPeMSI.

o Bun3Hec Bpemsi CBSA3aHHO CO CKOPOCTbIO MPUBLITUS HOBBIX WNAEI
(bets). B busnec BpemeHun BCe pbIHKN MAEHTUYHBI (NpK
oTcyTcTeum market frictions), To ecTb ngeHTUYHBI fonnaposbie
puck-Tpakcdepsl | 1 gonnaposasi nnata 3a Hux C(/),

L.
Ve

e rae ueHa akTuea P, gHeBHas BOMATU/ILHOCTb O, KOJINHYECTBO
3asIBOK Y B AeHb 1 ux pasmep Q.
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MwukpocTpykTypHasa HBapuaHTHOCTb

e B kaneHaapHOM BpemeHn pasHbie nepemeHHble (pasmep
3as1BOK, MX KOJIMHECTBO, cnpeg, raybuHa pbiHka, resilience)
OMMCBLIBAKOTCS Pa3HBIMM CTEMEHHBIMU PYHKLUAMYU OT obbema
TOProE 1 BOMATUABHOCTM.

Y~ (V-Pg)?3

p.Q.O—N(\/.p.U)IB

® Nan

~ (V~P-a)*2/3

<|o
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[okazaTtenbcTBO

Puck-tpancdep | := PA’ZIQ/‘;’ ABSIETCA MHBAPUAHTOM, a 0bbeM

topros V = E|Q| - 7, nostomy nonydaem
v-E|Q-P-c=V-P-o
n scaling laws gnsi Kosim4ecTsa 3asiBOK B AeHb 7y 1 ux pasmep Q:

v~ (VP o)??

p.Q.JN(\/.p.O—)IB
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MuBapuaHTtHOCTb Mukpoctpyktypbl PbiHka

Ouenka pacnpegenenus pasmepa 3asisok (bets). 3asekun |Q|/V
pacnpegesieHbl NpnbAN3NTENBHO NOM-HOPMaJIbHO C JIOr-Bapuauueii
2.53, a KONMYECTBO 3asiBOK B A€Hb 7y ONPefeNsieTCa Kak

2
Iny=1In85+ = In

o ang)

0.02)(40)(10°)

In ['V} ~ 5.7 — g In [(00\2/)(4Po)(0106)} +1/2.53 - N(0,1)

Hanpumep, ans akuun ¢ anesHoli BonatunsHoctbs 2%, uenoii $40,
1 AHEBHbIM 0BBEMOM MJIH akumii, Ha pbiHke bygeT 85 bets, nx
meauaHHbiii pasmep 0.33%ADV uan $132500, ux cpegHee
1.17%ADV unn $469500, 1std 1.50%ADV. Mokynkn n npogaxu -

CUMMETPUYHDI.
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MuBapuaHTtHOCTb Mukpoctpyktypbl PbiHka

Ouenka unsgepxek % Cost(V, P, o, Q) onsa 3asskun Q:

e Linear price impact (IMkBnAaLms B eCTECTBEHHOM TeMne):

o (8.21 V.-P.o Y3 250 v.-P.o 1Y Q
0.02( 104 '[(0.02)(40)(106)] T '[(0.02)(40)(106)] (0.01)v)‘

e Sqrt price impact (nnkBUAALMS B €CTECTBEHHOM TEMME):

o (2.08 V-P.o 1Y 1208 Q 11/2
0.02(104 '[(0.02)(40)(106)} 104 '[(o.m)v] >

Hanpumep, ansa akuun c gHesHoli BonatunsHocTesa 2%, ueHon $40,
N AHEBHbIM 0bbemMoM MAH akuuii, ucnonverne 1%ADV byger
umeTb 2.50 bps price impact n 8.21 bps cnpega, scero 10.71 bps.
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Dimensional Analysis and
Market Microstructure Invariance

Albert S. Kyle Anna A. Obizhaeva

University of Maryland New Economic School
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Overview

This paper combines dimensional analysis, leverage neutrality,
and a principle of market microstructure invariance to derive
scaling laws.

e Scaling laws relate transaction costs functions, bid-ask spreads,
bet sizes, number of bets, and other financial variables in
terms of dollar trading volume and volatility.

e These laws are tested using a data set of trades in the Russian
stock market and find a strong support in the data.

e These scaling laws provide useful metrics for risk managers and
traders; scientific benchmarks for evaluating issues related to
high frequency trading, market crashes, and liquidity
measurement; and guidelines for designing policies.
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A General Picture

The scaling laws in finance can be derived using different
approaches:

e Empirical conjectures and tests: Kyle and Obizhaeva (2016).

e Derived results from a dynamic equilibrium model: work in
progress.

e Physicists’ approach: this paper.

A.Obuxaesa, POLLI NIMKBUAHOCTE U MUKPOCTPYKTYPA PbiHKA

22/66



What Kind of Scaling Laws?

The microstructure invariance principles discussed in this paper are
not related to power laws in the tails of probability distributions.

Instead, results describe log-linear relationships among
microstructure variables related to dimensional consistency.

Example: Square-Root Model of Price Impact

Qs \'/?
RV XS
TCosty 1°01/71/2 < VS/T>

Note that Y is the same constant for all assets
e TCost is dimensionless. All units of time and shares cancel so
that right side is also dimensionless.
e This dimensional consistency is not shared by all models.
e What other models have such consistency?
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Dimensional Analysis

Physics researchers obtain powerful results by using dimensional
analysis to reduce the dimensionality of problems (the size and

number of molecules in a mole of gas, the size of the explosive

energy, turbulence).

e Physics: fundamental units of mass, distance, and time &
conservation laws based on laws of physics.

e Finance: fundamental units of time, currency, and shares &
conservation laws based on no-arbitrage restrictions.
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Dimensional Analysis and Physics

What is the time of oscillation T of a pendulum? Time has units of
seconds [s]. Suppose time T = f(M, L, g):

e mass M is in [g],
e length Lis in [m],

e gravity acceleration g is in [m/s?].

T= \/I f(dimensionless variables) = \/I ()= \/I const.
g g g

Then, use the law of conservation of energy to find a constant.
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Dimensional Analysis and Finance
In financial markets, institutional investors trade by implementing
speculative “bets” which move prices. A bet is a decision to buy or

sell a quantity of institutional size.

Trading is costly; bets tend to move market prices.
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Transaction Costs

Let Gj; := g(Qjt, Pjt, \/jt,aﬁ, C) denote the price impact cost as a
fraction of the value traded Qj: - Pj:. The price impact Gj; is
dimensionless, , e.g. in basis points, and it is a function of

bet size Qj¢ in units of shares [s],

stock price Pj; in units of dollars per share [us™1],

share volume V¢ in units of shares-per-day [st™!],

volatility o% in units of per-day [¢t71],
bet cost C = E{Gj: - Qj+ - Pj:} in units of dollars [u].
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Dimensional Analysis

Since the value of G} := g(Qjt, Pje, Vi, Uﬁ, C) is itself
dimensionless, consistency of units implies that it cannot depend on
the dimensional quantities Pj;, Qj¢, and aft.

Thus, dimensional analysis implies that the function g() can be

further simplified by writing it as function of two dimensionless
variables.

Gjt = Pjot : QJ(-)t . ((fﬁ)0 - f(two dimensionless variables)

= f(two dimensionless variables).
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Dimensional Analysis

There are three sets of distinct units and five dimensional
quantities—Qj¢, Pjt, Vi, aft, C.

Form two independent dimensionless quantities:

1/3

L't L m2 . Pjt : Vjt Z't Pjt . th
Jt 2 ) Jte g ’
th - C th -C
1 -
L us~l.st=1\ /3 S ._us l.s
e\t ) S

where m? is a dimensionless scaling constant.
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Dimensional Analysis

Thus, dimensional analysis implies that the function g can be
further simplified by writing it as g(Ljt, Zjt).

Gjr := g(Ljt, Zjt).
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Leverage Neutrality

To refine the transaction cost model further, introduce a
conservation law in the form of leverage neutrality.

This is closely related to Modigliani-Miller equivalence, the idea
that a change in leverage—the ratio of firm's debt to firm's
equity—does not affect the underlying economics of the risk
transfer represented by a bet of Qj; shares.
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Leverage Neutrality

Suppose the stock is levered up by a factor A (e.g. A=2) as a
result of paying a cash dividend of (1 — A™1) - P, financed with
cash or riskless debt.

e Qj: does not change, and trading volume Vj; does not change.

the dollar cost of the bet C does not change either.

the ex-dividend price of a share is A™1 - Pj;.

® 0j; increases to A- 0j;.

each share continues to have the same dollar risk Pj; - 0.

Lj: changes to A-l. Lj; and Zj; remains unchanged.
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Leverage Neutrality

Percentage cost Gj; of executing a bet of Qj: shares changes by a
factor A, since dollar cost did not change but dollar value changed.

Leverage neutrality implies that g(A™! - Lj, Zjr) = A g(Ljt, Zjt).
For A= Lj:
g(Lje, Zi) = L' - &(1, Zy). (1)

Then, if f(Zj:) :== g(1, Zjt), we get a very important formula:

Gje - F(Zje)-

b
th
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Transaction Costs Model

A general specification for transaction costs functions consistent
with the scaling implied by dimensional analysis and leverage
neutrality:

1/3 , 1/3
) ) : 2 - 02.C os-C P, -Q;
g(QJt, P_jta \/_]t7 th, C) = (m) f <<m2'{;jt‘vjt . ij jt .

It is consistent with different assumptions about the shape of the
function f.
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Liguid Markets

Given the choice of a constant m? such as E{|Z;|} = 1, the
variables L and Z;; have an intuitive interpretation:

1 Cc C aerye e e . " .
o — = ———— s “illiquidity index” measuring average cost.
Li — E{PulGil} quidity § averag
P‘t'@'t [T . ”” .
o /i = —3I " _ is “scaled bet size” relative to the average
T E(Pr Qi) &
size.

More liquid markets are associated with more bets of larger sizes
(2-to-1 ratio):

e Bet size E{Pj; - \th|} =C- L.

2
o Number of bets per day v; = 2 - L%

A.Obuxaesa, POLLI NIMKBUAHOCTE U MUKPOCTPYKTYPA PbiHKA 35/66



Market Microstructure Invariance

Extra assumptions are necessary to make our predictions
operational.

e Three of the quantities—asset price Pj;, trading volume Vi,
and return volatility oj—can be observed directly or readily
estimated from public data feeds.

e Qj: is a characteristic of a bet privately known to a trader.

e Invariance: the dollar value of C and the dimensionless
scaling parameter m? are the samel!

These assumptions are related to bet size and transaction costs

invariance hypotheses. Preliminary calibration gives C =~ $2,000
and m? ~ 0.25.
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Transaction Costs Models

Suppose f is a power function of the form f(Zj:) = \ - | Z;|*.

e A proportional bid-ask spread cost (w = 0) implies

1
Gjr = const - —.
Lj;
e A linear market impact cost (w = 1) implies
Pjt - | Qjt]

Gjr = const - ———5—.
2
C-th

e A square-root market impact cost (w = 1/2) implies

N 1/2
Gjr = const - 0 - <|th) .

Vi
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Liquidity

Our measure of liquidity is consistent in terms of units:

1/3 1/3
Ljs == m* - Pie Ve [ P Vie
ajgt - C ajgt

It is the correct way to construct empirical measure of Kyle's
lambda.
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Illiquidity index and Amihud Measure

The linear price impact model in the spirit of Amihud (2002) and
illiquidity measured as oj:/(Pjt - Vjt):

Ojt
Giy = const - —2— . P; '|Q' |
jt jt - 1Yt
Pjt - Vit
It is inconsistent unless the constant term has units equal to
“per-square-root-of-time.” It is equivalent to our price impact model

1/2

if the constant above is proportional to Vit

Thinking about this measure as implementation of A = oy /oy
from Kyle (1985) requires dollar volume Pj; - Vj; to be divided by
1/

order flow imbalances.

to make it proportional to the standard deviation of dollar
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Data

e One-minute data from the Moscow Exchange for
January—-December 2015 provided by Interfax Ltd.

e 50 Russian stocks in the RTS index as of June 15, 2015.

e The Russian stock market is centralized with all trading
implemented in a consolidated limit-order book.

e Small tick and lot sizes.
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Tests for Bid-Ask Spread

Let Sj; denote the bid-ask spread. Then,

%) (2)
log (=X ) =const +1-log | — |.
g(’jjt & Lje
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Spread: Results

In S/P

In1/L

In aggregate sample, the slope is close to 1! R-square is 0.876.

log(Sje/Pjt) = 2.093 4 0.998 - log(1/Lj)
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Tests for Number of Trades

Let Nj; denote the number of trades and suppose Nj: ~ «j:. Then,

log (Njt) = const + 2 - log(ojLj).
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Number of Trades: Results

InL sd
In aggregate sample, the slope is close to 2! R-square is 0.882.
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Extensions

The empirical implications of dimensional analysis, leverage
invariance, and market microstructure invariance can be generalized
to incorporate various trading frictions.
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Generalized Transaction Costs Formula

Add the execution horizon T} (in units of time), the tick size

Kjl;/lIN (in dollars per share), and the lot size Qj’\t/”N (in shares).

Re-scale variables to make them dimensionless and leverage neutral
. . . : 2 i
using the four variables Pj, Vi, Tie, and C:

o 19, 10

Te VT

MIN MIN  Lje
b Kjt — Kjt '

2.2
MIN MmN %L
jt % Q 't N7 -
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Generalized Transaction Costs Formula

Here is the generalized formula with three more extra variables T,
KJ-’;”’N, QJQ/”N added:

Ge=1 f(F’ft-oﬁ Qe K™ - Le Qﬁ”’”-aﬁ‘@f)
Jt s .

Lie Coljp " Vi T P Vit
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Optimal Execution Horizon

Suppose the optimal execution horizon T for an order of Qj;

shares depends on Pj;, Vi, gJ?t, C, ijw: and QjAt/HN-

Since [Qj¢|/(Vje - T3;) is dimensionless and leverage neutral, the
same logic implies:

Q| pe (P Qe KE™-Le Q-f - LG
Vie - T C- Lt Pj Vie

If tick size and lot size do not affect execution horizon,
|Qjtl/(Vje - Tj) depends only on Zjr := Pje - Qt/(C - Ljt).
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Optimal Tick Size and Lot Size

Setting optimal tick size and minimum lot size is of interest for
exchange officials and regulators.

Let KJ-Q”’N* and QJ-’;/”N* denote optimal tick size and optimal
minimum lot size, respectively.
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Optimal Tick Size and Lot Size

Since the scaled optimal quantities KJ-Q/”N* - Ljt/Pjt and
QJ-’X”N* : Lft . Uﬁ/\/jt are dimensionless and leverage neutral, the
scaling laws for these market frictions are

P:
MIN* _ L MIN% _ )
K" = const , Q""" = const 77

-jt jt o T jt
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General Formula for Bid-Ask Spread

Here is a formula for bid-ask spread for the market with frictions:

Se_ 1 (KL QoL
. S .
P  Lj

Pje Vit

If tick size and minimum lot size have no influence on quoted
bid-ask spreads, then the the relationship simplifies to

Sit/Pje ~1/Lj
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General Formula for Trading Patterns

Here are general formulas for trade sizes Xj; and number of trades
Nj:

X MIN |. OMIN 2 ;2
Prob L <zV=F9(; K™ - Lip Q7 05 - L5
C- th Jt ) F)J ) \/jt .

MIN . MIN . 2 2
Niw— o2 . [2.f KJ'f Lje th Ijt th

J Jt
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Conclusions

There is a growing empirical evidence that the scaling laws
discussed above match patterns in financial data, at least
approximately.

Future research:

e Checking the validity of invariance predictions in other samples,

e Improving the accuracy of estimates and the triangulation of
proportionality constants.
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Invariant Log-Normality of Portfolio
Transition Order Size
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Distribution of Order Sizes

Invariance theory predicts that distribution of scaled bet sizes will
be the same for all assets and times:

(5 [v-ret?),

This figure shows distributions for 10 volume/5 volatility groups
for portfolio transitions data are very close to a log-normal with
log-variance of 2.53.

A.Obuxaesa, POLLI NIMKBUAHOCTE U MUKPOCTPYKTYPA PbiHKA 56/66



Linear versus Square Root Model
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Switching Points: Korean Data

The fitted line for the regression of the number of switching points
on trading activity is In(S;;) = 11.156 + 0.675 - In(W;/W™*). The
invariance-implied slope is 2/3.

|
-

o 4 y=11.156+0.675x . i

-10 -8 -6 -4 -2 0 2
In(Wi/W*)
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MuBapuaHTtHOCTb Mukpoctpyktypbl PbiHka

Ouenka nspepxek % Cost(V, P, o, Q, Tjiq) Ans 3aseku Q un
BpemMeHu nukengauun Tig:

o Obwwmii cnyqaii ans spemenn aukengaunn Tjig:

o2.C 1/3 o2.C 1/3 P.Q Q
- F X )
(P-V) <P-V> C 7V-T“q
e Kak ouenuts bonee TouHo yHkuyuto F() n koncranty C?
ouenka C = $2000;.
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Puck

e Bce dopmynbl - 3TO cpeagHee 0XXUAAEMOE N3MEHEHUSI LEH NPK
JIMKBUAALMN NO3NLMK NOA BO3AEWCTBMEM CaMUX TPaH3aKLUA.

e Ho cywecreyer Takxe background price movemets, To ectb
€CTECTBEHHOE U3BMEHEHNE LUEH 683 YHE€Ta TpaH3akKuun.

e 3a Bpems 40 NPUHATUS PELIeHUs O 3aKpbITUK nosuuun T un ee
nukBuaaunn Tjig ueHbl n3MeHsTCA Ha 0 -/ T + Tjiq.

A.Ob6uxaesa, P3LL NIMKBUAHOCTE U MUKPOCTPYKTYPA PbiHKA 62/66



Opyrvue Cdepbl MNpumerHenus

e lI3gepxku: TpaH3akuymu, cTpaTerun.

e Onpepenenne mapXxnHanbHbiX TpeboBaHMii.

e Onpepenenne haircuts gns peno-TpaHsakuuii u apyrux
onepauwii ¢ 3anorom. Ecan nukeugHbie bymarn moryT 6biTh

npofaHbl BLICTPO 1 C HEBONLLIMM ANCKAYHTOM, TO repo
haircuts HebonbLune.

e llccnepoeatue cTabnnbHocTn hUHAHCOBOW CUCTEMBI
(nanpumep, Office for Financial Research 8 CLLIA)

e Pasmepbl MoHeTapHoii/kypcoBoii nonutukn, QEs,tapering.
Nexops 3 Hawwimx 3HaHuii, gns BCEX 3TUX OLEHOK HEobXoanmo
YYNTBIBATh JINKBUAHOCTbL PblHKA, pa3Mep MO3uLuii, CKOPOCTb UX

NOTEHLMaNbHOR NuKBugaumm (N OAHOBPEMEHHbIE TpaH3aKLNK
APYrUX NrPOKOB).
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Mpumep - OunckoHt JlukBngHocTun

LiquidityDiscount = %Cost(V, P, o, Q, Tiiq)

e V - obbem, o - BonaTuabHOCTb, P -ueHa,

e Q - pa3mep nosuuuu, T, - BpeMS NMKBUAALMAN,

Jkcnupauus ->aeTomaTunyeckas ‘becnnatHas” Ankeugauuns’?

HdedonT -> HeobxoANMOCTb YCKOpPEHHON nuKBnaaumn?
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Mpumep - ctaskn PEINO

Haircuts = -0 -/ T + Tijig + %Cost(V, P,0, Q, Tjiq) + fee

e T - cpok koHTpakTta (O/N7?),

Tliq - Bpemsa nukeugaumn, Q - pasmep nosuuuu,
e V - obbem, o - BOnaTUALHOCTL, P -LeHa,

a = 1.96 - cakTop besonacrHocTn (safety factor).

e NB: BosaTunbHOCTE MOXET CUJILHO YBEINYNTLCS NpU
nagenun ueH (leverage effect)
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BOI'IpOCbI AnAa ncciaenoBaHms

e OueHKa M3JepXKeK B 3aBUCUMOCTW OT pa3mepa No3uuuii u
Bpemenu nukengauun (fire sales costs gnst manbix T) Ha
POCCUICKOM PbIHKE.

e Bpemsi T(Q) 3a koTopoe nosuums Q MOXeT bbITh
nnkKBnaupoeaxa in orderly manner 6e3 bonbworo temporary
impact.

e 3aBUCMMOCTb N3LEPXKEK OT CTPYKTYpPbl PblHKa, KOJIMYECTBa
YHaCTHUKOB pblHKa, WX Pa3MepoB U T4,

e Bsanmoceass mexay NMKBMAHOCTLIO Ha “Bnuskux” pbiHKax
(nanpumep, obauraunm TOro xxe 3aeMLUMKa).

e |I3yyeHune cTpaTernii y4aCTHUKOB PblHKA N MOHUTOPWHT
BEPOSITHOCTN OLHOBPEMEHHOWN ANKBUAALMMN NMOXOXKNX NO3ULNIA.
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