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OUTLINE

| ntroduction \

System of simulation and optimization of interbank
settlements

— Dataflows and model calibration

— Simulation of transaction flows

— Statistical ssmulation of settlement costs
— Statistical optimization of settlement costs
Computer modeling

Discussion and conclusions
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INTRODUCTION

Active introduction of means of el%nic data transfer in
banking and concentration of interbank payments were
related with creation of an automated system of. clearing
(ACH).

ACH should provide the principles of stability, efficiency,
and security. The participants of a system must meet the
requirements of liquidity and capital adequacy measures.
Sensitivity of the sector of interbank payments and
settlements to changes makes the subject of investigation on

simulation and optimization of interbank payments topical
both in theory and in practice.
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SYSTEM OF SIMULATION AND OPTIMIZATION
OF INTERBANK SETTLEMENTS

Analysis N |
Input of settlement flow data & ;

A 4

Cadlibration of transaction flow

——————————————————————————————————————————————————————————

Simulation and Optimization

> Generation of transaction flow

A 4

Simulation of settlement process

Analysis of costs and liquidity

A 4

Stochastic optimization of
settlement system
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DATA FLOWS AND MODEL

CALIBRATION

Transaction data

Transaction number |D;
Sender code a;

Recipient code b;
Date and time of transaction t;
Transaction value P.
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DATA FLOWS AND MODEL
CALIBRATION (CNS SYSTEM)

agent agent

I
¢|J Zpkl Ckl

ACH

agent agent

where:
¢;' —payment flow it" to j*" agent;
k— payment number
P! -payment from i to j'" agent;
| — day of payment;
C ijk-' — indicator of settlement performance (C=1 — performed, C=0 — delayed,
iIn CNS systems C=1) ;
E M z;' —number of payments from i" to j*" agent.

.—"'-’
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DATA FLOWS AND MODEL
CALIBRATION

Poisson-lognormal model oT‘tr.q\saction flow

Transaction flow is Poisson with intensity 4;,

Transaction value is lognormal logN(u,0?2).

Intensities of interbank flows

A =AD,
Aj = A0 -1,
where:
A —intensity of it agent flow;
p, — probability of ith agent payment;
r; — conditional probability of transaction from ith to jth agent;
_ u —average of logarithms transaction value;
oL ) : : .
m M c? — variance of logarithms transaction value.
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DATA FLOWS AND MODEL

CALIBRATION
Estimation of parameters of Poisson lognormal
model
7. Z;i
kzé, Pi =;', fij :z%’
> In(R) z(m(a))2
M:Izlz . g2=1=1 . —MZ
where:
1<i,j<J

z—number of transactions;

J—number of agents;

z, —number of transactions of i agent;

z; —number of transactions from i to " agent;
M t,—time of the session end.
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SIMULATION OF TRANSACTION FLOW

Generation of tramictions

I kol okl o _=InE) kit

t- IJ y Tij = ﬂlj : |J

J

Piij = eXp(,u + 5'77) AL A

where: M I I I I I I >
n— random U[0,1]; ;

¢(— standard normal,
T;*! — transaction application time;
P,! —transaction value;

| — day of settlement, 1<1<T;

k— payment number;

M T — period.
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COSTS OF PERIOD OF SETTLEMENTS

Costs of it" agent

~N

Di=RE +FK+B +TT + AG

where:
D, — total costs of i-th agent;
RE, — premium of satisfaction of reserve requirements;
F. — penalty of violation of reserve requirements;
B, — costs of short time loans;
TT, — losses due to freeze of finance;
AC, —operacional costs.



http://www.ktu.lt/lt/default.asp

B

COSTS OF PERIOD OF SETTLEMENTS

Correspondent ACW

Kil = maX(O, Kil -1 + 5i| + Gil )

where:
K.t — correspondent account of it" agent at I-1 day ;

J
8 — day balance: 5: :Z(¢.IJ —¢:|),
-1

G!— deposit (or withdrawal).
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COSTS OF PERIOD OF

Premium of satisfaction of res

;
Zmax(RRi,Ki')-
RE; = 1=

SETTLEMENTS

erve requirements

N\

r

100-360

where:

LR —interest rate of refinancing;
RR, —reserve requirements.

<]
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COSTS OF PERIOD OF SETTLEMENTS

Penalty of violation of resewirequirements

maxLO,i RR —Ki')-(r+ p)
|:

=1
! 360-100

where:

p — penalty percent points (usually 2.5) .
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COSTS OF PERIOD OF SETTLEMENTS

Costs of short time loans

N

;
B =-STL-Y min(o, K118 4+ G )
|=1

where:

GII = maX(Xll ,—maX(KII _1+5i| _1,O)j

ol— day balance;
STL —overnight loan interest rate
X!'— deposit (or withdrawal).
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COSTS OF PERIOD OF SETTLEMENTS

Losses due to freeze of finance
LI
TT. =IBR- ¥ G
t=0 !

where:

IBR — interbank interest rate .
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COSTS OF PERIOD OF SETTLEMENTS

Operational cost\

T J
ACi=¢-> 2 7

t=1j=1

where:

¢ — cost of performance of one transaction



http://www.ktu.lt/lt/default.asp

<]

COSTS OF PERIOD OF SETTLEMENTS
Probability of system\li,g~uidity

T J

> S H (min(o, Kl +s +dl ))

|=1i=1

Rikv = =

H — Heavyside function;
T —period.

Condition of unliquidity

KII _1+5|| +G|| <0
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STATISTICAL OPTIMIZATION OF SETTLEMENT
COSTS

Statement of optimization of\s{tlement costs
Agent costs during period:  D; = Dj(X;,5; )
Vector of day balances: 5 — (52,52, .. 57)
Expected costs of agent: L (X; )= ED; (X;,4;)
Objective function (total expected costs): LX) — min

X=0

where: ]

B
3
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STATISTICAL OPTIMIZATION OF SETTLEMENT
COSTS

Analytical example (one agent, one day period)

u=05 0c=05 LBR=5%, IBR=9%, STL=10%

_ —(s—u)2 - _(S_H)Z _(S_“)z
1) L(X,RR)ZO,OQ-Q(X)—G'\/lﬁ.J1'5[0,1.(5+x)—0,075-RR]-e 2.62 'dS_G_jﬁ'R?X [0125-(s+ x)~ 0,075- RR]- B2 'ds‘?fjg'w{e 262 gs
e oy 02
2) QX,RRI=000-g(x)-—n_. [e 20 .gs- 01 "1 7e 207 g
oN2'm o2 o

2 T T [

1 | T
DiZ.4.5)
D.-3,5)

D —
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STATISTICAL OPTIMIZATION OF SETTLEMENT

COSTS

Statistical simulation of expected costs function

and its gradie\nt\
L (%)=~ %D (Xi,8in)
where: | v N n=1 | o

I:i (Xi ) - statistical estimate of expected agent costs;

D, =D.(X,8,,) - costsduring period:;

1 N
Q (Xi )= N ZlaxDi (Xi ’é‘i,n) - estimator of gradient of cost function L;(X; );
N=

:

az

0y D; (Xi ,Si) - generalized gradient of cost function;

N — number of simulated periods;

M
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STATISTICAL OPTIMIZATION OF SETTLEMENT
COSTS

Stochastic optirﬁizgtion

y L _ -(1—,0-Q, (X ))

p - step multiplier, p>0.
Gt J-Fish(z, 3,N" - 9)

Sakalauskas (2000)
p- QXY (AL (@(xhy):

Fish(y,J, N* — J) - Fisher -quantile with (J,N'-J) degrees of freedom
A () — sampling covariagnce matrix

M
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STATISTICAL OPTIMIZATION OF SETTLEMENT
COSTS

Statistical terminatidn&riterion

1) Testing of optimality hypothesis with significance 1 according to.Hotelling criteria:

(N'=3)- QX)) - (AN QXD _ Fignesr 3Nt - )
( < Fish(x, J,

. . . - . d (XY
2) Confidence interval of estimator of objective function: g N T )
&

X

Mg - standart normal B quantile;

dNt - sampling standard deviation of the objective function.

M
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COMPUTER MODELLING

Initial data: \

STL=0.10 _ jnterest rate of short time loans;
IBR=0.08 _ jnterbank interest rate;
LBR=0.05 _ premium interest rate;
r=2.5 - penalty percent points on violation of reserve
requirements;
T =30 - period length
J=11 — number of agents.

B
2
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COMPUTER MODELLING

Dependencies of expected costs L(X) and gradient Q(X) on deposit
(1ir 10 agents)
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COMPUTER MODELLING

Total expected costs and deposit under nu

r of iterations

78000
77000
76000
75000
74000
73000

Sum of settlements costs

72000

\’\/d\*\/\/\/v\%

0 10 20 30 40

Number of iteration

50

60

Deposited sum

12300000C
12250000C
12200000C
12150000C
12100000C
12050000C
12000000C
11950000C
11900000C
11850000C
11800000C

21 41

Number of iteratior

61
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COMPUTER MODELLING

Total expected costs and deposited sum under number of iterations

(1ir 10 agents) N
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COMPUTER MODELLING

Agent Expected costs Expected costs Deposit Deposit

Nr, (Iter=0), Lt (Iter=62), Lt (Iter=8), Lt-10° | (Iter=62), Lt-10°
1 18292,4+150,5 18167,0+19,0 71 2,73
2 243183,9+1159,5 | 241641,8+144,1 36,20 36,40
3 102995,0+909,8 100477,5+£83,8 14,80 15,10
4 37527,3+524,9 36206,6+51,6 5,25 5,45
5 156596,1+807,2 155361,6+91,1 23,20 23,50
6 16343,1+435,2 10510,2+17,0 1,40 1,57
7 55480,1+675,5 52718,4+46,8 7,70 7,93
8 48146,4+636,6 46277,6+£52,3 6,80 7,00
9 120797,1£974,3 118070,5+88,8 17,50 17,80
10 30794,2+873,5 22294,6+34,7 3,00 3,33
11 16841,9+1438,8 13128,0+139,7 1,30 1,71

Total 76999, 7+361,2 74077,6£62,0 119,86 122,52
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DISCUSSION AND
CONCLUSIONS

The datistical Poisson—lognormhdel of electronic
settlement flows has been created as well asthe methodology
for calibrating the settlement flow model has been developed
and adapted to the analysis of real time settlement data

The methodology of modeling interbank settlement flows by
the Monte-Carlo estimator has been developed following to
Instructions of Central Bank

The algorithm of stochastic optimization of settlement costs, a
view on settlement costs and liquidity risk has been created
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