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Abstract
____‘———-———-_____\—_______

The research presen .
liability mana;:.zmm:i ;ﬁfgrig::::;c n;t.ure of ‘decision making support for asset and
the use of maplel?7 software o ry tf.ferent.ml Equation. The model was tested with
can manage their asset and [j b". I‘_’"“’J’S‘S. which shows banking industry in Nigeria
the bank's initial position am‘; ‘;_"3’ through cash flow of deposits and loans. Setting
present simulations with th ifferent deposit flow situations, the model allows 1o
solution and can be usedfge use of Hamamp}{ Perturbation Method for analytical
t0 chaose a realistic resuit ; :‘easuremem of liguidity risk to examine loan decisions
Sidfiey eh the deters r e result shou:s t:hat people are encouraged to save their
discouraged io take I S P "f_ deposit is high. To the contrary, people are
s :hg o Z ake loan _when the interest rate is so high. The result of stress-testing

a:“!f; p e kind of dynamic pr ocesses taking place in banking sectors. In this case, it is
possible for managers to adjust their bank liabilities to earn assets as much as

possible.
e
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(0 Introduction

qunk can be defined as a financial body that provides banking and other financial services to their clients. A banking sector
Jso referred to as a structure that offers cash management for customers, reporting the dealings of their balance sheet all
iough the day. A banking firm is a complex system within the context of management administrative policies [1]. In
Jdition, asset and liability management are what constitute the core banking system. The banks hold in asset and liability
management to reach three major goals: credit rate risk, liquidity rate r.isk and secur.ity [2]. The pf)licy of rpaintaining stock
sset and liability allows banks to achieve agreements that will reflects in sound routine _that aptuahzes maximum returns and
wquired liquidity rate [3]. A proper management of financial statement leads to maximizing income and taking into account

nerest rate and liquidity rate risk [4].Asset and Liability Management (ALM) can be described as a means of managing the
sk that may arise from the differences occurring between assets and liabilities. ALM was pioneered by banking industries 1n
. 4 volatile. This volatility has risk implications on financial institutions.

i ame more and more
¢ 19705 as the interest rates bec M, where they sought to manage balance

; il i i tly on AL
\ith vast experiences gathered, most financial industries focus_es most! ’ ‘
eets 50 ;X;t)o iﬁai:tsaji a mixture of loans and deposits consistent with the firm’s target for long-term growth and risk

m up to manage the ALM proced‘ure. ALM_ls the 1capamty to control lptercst rate risk,
-iig?tg:;?: I:sl?:l‘:g E?]izg?t;rii:lzer\:«';itzh Iajllludes togthe threat that a given Seczlfllctfy Ca‘; t bke et{:)‘i.hea':f;d 11;317:5[2’ ;3 m:;h as
ndamental in the market to keep a misfortune. ALM likew1se loqks to handle difterent ;"(is S, . dd'tici:na,llr ot e;l( _a;lgc
ks and significant risks (covering territories, for example, trick and !eglpmal_ekrls S, a““_a ] t y lf_labl_llf_a_ n; s).
o signifcant risks (covering "EECELY managersouseand oblignton ik Y DB, wing g
e ﬁnan::)i?il ?Z Sugp([)S]c Ajibola et al.[6] formulated a model of ;l'ablhggiicliﬁiii :for e ofl"O(l)l;lt Dgzgtl)f]!
ogrammine ¢ 1p(') to. analyze the fiscal report of United' Bak of A' e (lt is in c];sc agreement with the works of [Si
They useq P%)Islc AL Sorsi 3ySOft“’afe for numerical SOIRIIOE m-ld tht?:ll' e f impact of the change in yield curve on
ing g Varton  istic model for analytical simulation of 1mp : *

\ [4]. Voloshyn [7] developed a determinis tegrating the balance sheet, income statement
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jication of Homotop) e mean deviations between output model ang g, .
ApP s, Their result showed lhnlll w‘rhf-‘if outcome demonstrated that the propoge d “rf;c re“ult
cords ) " tely. 4 Strag -
on two Years T8 004 second year o ryclors' By ¢, M
risk based nd 2 46%. 10 first rse bank factors. |

2 tilizing dive
und 9% 2 he stock higquidity ¥
qugc U

Jiged 10§ ‘
utt used to solve the Ordinary Differemia]

ethod in [9] was
Materials !ﬂd:‘hqclhod (HPM) Ideygfopcdn;_';"[o ]System extended from the work of [7] 41 i _;:q%r
pomotopy PerturbalOn L asset and liability PO B0 Ho), - The o
o - d)"“’_"“_‘l. oar 200 ngn.rineardlffcrenllﬂ in differential equation: Py
W solunon {0 VArIous l.n deﬁncd in the following non—hnear
P ea of the method "
(U)-1(r) =07 e
' condition
" “‘:“,‘”“"” | (2)
Bl {;'..‘.-{—‘-):0.1'& I
L i B the boundary operator, f (r) is the analytical function and -
the general differential operator, ' i iy . hons
Where A 18 can be divided into two major parts L an T and nonlinegy , ¥
n Q. The A operator : s
of the domain tion (1) can be written as follows: .
respectively. Equa o

L(U)+ M) 1(r)=0re?
The HPM is composed as follows:

H(V.h)=(l-h)[L(V)‘L(Uo””‘[A(V)'f(r)]=° (4)

Where V{r,P): Q€ 1]-R |
Pe [0 ]] is an embedded parameter and U,J is the approximation that satisfies the boundary condition The solutig
' N {o

equation (4) can be assumed as power series in / as follows:

"=V RV RV )
With approximation best obtain when:
U=lim=v,+hv, +hv, +...
h-1 ‘ ©)

g :}n!c of convergence majorly depends on the nonlinear operator A (V).
ynamics of bank asset and liabili i i - :
Wi iability portfolio can mathematically be represented by the following ordinary differential

dL
% WORL -u(t-r)e™ =0
:é ()
—d_l!- - pC, + O'Cr +A= 0
ds, dp @
dt —71';-_ dI' +prLr "’?,D, -1 +y=0
dn, ©)
dr Ir,(t)‘w,Dr-yr(I__r)ehqr =0
dE (10) |
dt Lprar_quﬁr-{.r‘l:O 1
: |
s:clhf ol L, tepreen o D i (11)
“nu . . aesy L n F
01 Volatiy “POSIS, U, i the cash outflow, 41 denote as average portfolio return 0% tradté

; Y on o
T nerest o g, S Portholio, R ¢
Pr et g loans, 4 = 7 Tepayment of loans jn maturity date, ¥ is purchase (*) o' sale ()
» /4 18 Operation ¢q ’ ) "
st bank activiti . . g inflow?
Ivities, v, inflow on fixed deposits. &
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osits: S, denote as shares, C, cash reserves -
P » £represent  equity,

del | |
.1 el a, ﬂ represents loans and deposits structures
Wil :

}wmmmﬂ"mmC”“““sLJO}=Ao“aun=so D, (0)= Do, E(0) = £, C,(0)=C,0
ol e Sy =D o, = B, C, =L,

The Analytic Solution
W

“Lgué'hm + h2a2 T 2
,,bn+hb|+h“b2+'" o
i 2 (]3)
},¢‘0+hcl+h Gy e i
. Lhe +hle, i : )
r=6 ! 2" (15)
l';'f[:]+1!fi+hj’.2+." 16
;pl\rmg (HPM) to (7), we get (16)
2 _@L-"h(i{ér—"u (t)'_RL —u(_ -R.r
T’h) dt r rr r)e ) = (17)
ghetituting equation (12) in (17) we have
k)@ * ha' +h’ay +..)+h(ag +ha) + h*a) +..)
bt @ )+, (e =1, (0)=0 a
| +ha, +ha) +...+h(R(a, + ha, + h*a, +..)
“Rr 19
S = () =0 w
“ullect the coefficients of powers of h, which gives
i =0 (20)
i:a=Ra, +ur(—r)e"R " —u (1) (21)
i:a=Ra (22)
splying (HPM) to equation (8) we get
dC dcC _
1-i e (=2 — uC, + 0C, +4) =0 (23)
= ( P
Uistituting equation (16) in (23) we have .
YN O Y (TR AL Hase) 24)
wfy+hf, + B2 S, +.)— o (fo +h +h fy+.)—A)=0
f 2
R 4t (o AR L) 25)
ofy+hf, + B2 f, +..)—A)=0
'-’f‘:l[ecting the coefficients of powers of h, W€ get 26)
i 27
A ==pufy+4
Ropl (28)
.' h=-o I
Dplymi (HPM) to equation (9) we have -
|« S =
' h)~L+h(ﬂ__‘_i_D_r_ﬂl+p,L,’UrDr"’“y 0

dt dt dr dt

iy : ives
Vituting equations (12), (13) and(14) int g

o equation (29)
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(1= h)bl + hb + h*b) + ...+ h((by + hb] + Wb, +...)

! | 21 1 1 2,1 (30)
—c)+he! + Wc) +...+(ay + ha) + h'ay +..)
+p, (a, +ha, + h’a, +...)
+1,(cy +he, +h’c, +.)+A+y)=0
Collecting the coefficients of powers of h, we get (31)
0.3l _
h . b(} — 0 (32)
T I -
hz.b,l—c0+a0—p,a0+q,_cn+,1+y (33)
L 1
h*:b,=b+c +a - pa +nc =0
Applying (HPM) to equatica (10) gives (34)
dD dD
(1-h)—L+h(—=-v ()+ @D, +v,(-r)e®)=0
2=y O+ 0D, +v,(-ne™)
Substituting equation (14) in to equation (34) gives
(1-h)cy +hel +h2cl +...+ h((ch + he! +hPch +...) (35)
V() + @, (cy+he, + ke, +..)+v,(-r)e ™) =0
o +he! +hicy +...+ h(-v, (1) (36)
+@,(cy +he, +h’c, +..)+ v, (-r)e™®) =0
Collecting the coefficients of the powers of h
h: c(') =0 (37)
SO —-w,r
B¢l =—v,(0)+wc,+v,(-r)e® o
b =me (39)
Applying (HPM) to equation (11) gives
dE dE
(1—h)—+h(——Lprafr—Dryrﬁr+;/—/1)=0 (40)
dt dt
Putting equation (15) we have
(1-h)e +he) +h’e) +...+ h((ey + he, + h’e, +...) by
—‘Lprar +D’7rﬂf_}/+ﬂ)=0
Collecting the coefficients of the powers of h, we have ‘
0, 5
h:e,=0 (42)
h':e =e—Lpa, +Dnf—y+4 43)
h e =e (44)
From equation (20)
1
a,=0 (45)
Integrate both sides with respect to time (t ) and applying initial condition
a,=A
0 3 (46)
L,(0)=L0=a, (47)
L.(0)=a, (48)
From equation (25)
=0
Jo= o Nilzeribos dssaciidd (49)
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.o both sides with respect to ti .
s ime () and applying the initial condition
_,;‘;B; o=/ (50)
U O)r ¢ (5D
f{»’(’( 1 (52)
e
120
b o both sides with respect to ti e
| gating o time (¢) and applying the initial condition
il
ST 54
(O=5""=" (55)
b =5, (0? (56)
equatll)ﬂ (37)
420
; poth sides with respect to ti e?
egrate pect to time (#) and applying the initial condition
G D, " (58)
c(0=60=Co (59)
;=G0 - (60)
From cquatlon (42)
1| =
4=0 o 61)
ntegrating both sides with respect to time (#) and applying the initial condition
6= F, (62)
E(0)= E0=¢, (63)
= E(0) : (64)
from equation (21)
-R,
a: = Rrao + ur(—-r)e T — u, (65)
Integrating both sides with respect to time () and applying the initial condition
4=Ra, +u,(-r)e"" 4, (66)

Substituting equation (48) in (66) gives

0,=(RL.(0)+ ur(—r)e_R’r —u)t (67)
From equation (27)

fl=-ufy+2 (68)
Substituting equation (52) in (68) gives

[ =-uC (0)+ A (69)
Integrating both sides with respect t0 time (¢) and applying nitial condition f(0) = 0
fi=(~uC,(0)+)2 (10)
from equation (32)

b=C +a,-pa,+17,C,+A+Y (M)
Pting equations (45), (57) and(48) in (71) 81VS .

|
b=—p,1,(0)+7,C,(0)+ A +7
of Mathematical Physics Volume 40, (March, 2017), 283 — 202
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- o ing the initial condition
ol 1o time (1) and applyng -
poth qdes with respect It |
lnu‘gmlmg o 0C (n) 1 }’)
= “ a (74)
A lﬂ“lmL iy A
}(.r"‘ ,? ‘f: +RC0+ v (~T)e
Pu'mns cq’untmns (60) 174)) , .
rye ) )
(' o - o (t) and applying initial condition C'| (0)= 0
1 rcgratmg both side respect to time .
' ,r
=(-V, +RCO+Y, (-re )i
hum equation (43) "
| =~ P2, sy f -y +A
Pumng equations (61) into (77) we get "
¢,,':-Lp,a,+Dr7,ﬂ, —y+A | o
Itgraing bothsides Wit FesPe to time (#) and applying the initial condition €,
n
79
e =(-Lpa,* DnB. -y +Ar .
From equation (22)
.8
e (.80)
Pumng equation (67) into (80) gwcs
a, =R (R,.L (0)+u (-r)e _ur)t (81)
Integrating both sides with respect to time (#) and applying initial condition a, (0) =0
2
— t
0= RRLO+ 1N -u) @

Putting equations (48) and(82) into (12) gives
L =lim=L(0)+h(RL,(0)+ ur(—r)e‘Rr' -u)
h—1 5

+h* (R L (0)+u (—r)e ™ — u,)fzz—
L =L(0)+(RL(0)+u(-r)e™ —u)
2

+RL(0)+1,(-r)e™ —u) L "
From equation (28) ?
£ =af, |
Putting equation ( 70) into (85) gives "
fi' =+o(~uC (0)+ )
(86)

Integrating b, :
sides with respect to time (¢) and applying initial condition £(0)=0

fr=+o(-pC (0)+,1)__

Smem“'lg €quation
£ +(52) (70)’ and(87) in (16)
i COuC )42 O

(87)

2 2 (88)
o~ (0)4.2)
2
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e Niperj o i -2
‘ertan Association of Math ematical Physics Volume 40, (March, 2017 245
288



J of NAMP

. f Homotopy... ;
’ plication 0 Py Jiya, Bawa, Shehu, Adamu and Usman
OO Ak
&= r
Pl 89

L(o-HC O+ A3 ~

2quatio” (33)
(90)

i+ e+ a, = P4 1.6
1 . cqua{iﬂns (72), (75), (65), (67) and(?ﬁ) ]nto (90) givcs

b
Jutintine
AN 7,C(0+A+7)+(=v, + R C,(0)+v,(-r)e ™)

fo"

lz

ﬁ: ~Rpr
WO u(-ne  —u = PARLO) +u (-r)e ™ —u,) (o1)
A RCOER D
e jing poth sides with respect to time () and applying the initial condition b,(0)=0
o O+ 1C O+ A7) +(=v, +RC,(0) +v,(-r)e™)
qLOFune T ~u = RL O u (e ™ ~u) ©2)
o
L +RC(O)+V,(=e ") —
H’r( Y ) 2
amequation (13)
§ by +hby + 10y
puting equations (56), (73) and(92) in (13) gives
(2lim=5,0)+h(-p,L,(©) + 1.C.O)+ A+ 7+ (A LO)
h—1
(93)

+7,C,(0)+ A +7)+(=v, + R C,(0)+v,(-)e™™")
SRLO) +u,(-r)e " —u)t—(p,(RLO) +u,(-1)e™ ~u,)

oo+ RGO+, (-1 N
5 -5 0)+ Hep, L, (0)+7,C, 0+ A+ 1+ (ALO)

+n,C.(0)+A+7)+ (v, +RC,O)+7,(-Ne™)
CRL(O)+u(-re " —u)t— (P (RLO+1 (e ~) ©%

+7,(~v, (1) + R,C,(0) + v (-r)e™) 52_

2

From equation (39)
6=Rg,

Mingequaton (76) in (39) gives

G=R (v +RC.(0)+v,(-r)e )

| . \ -
legrating both sides with respect to time (1)

9%)

and applying the initial condition C,(0) = 0

2
f (96)

G R, (‘Vr +RC.(0)+v,(1— r)e‘R")—z-
Fromy €quation (14)
S“LSTirigi: he,+ e, .. -
g equations (60), (76), and(96) 1n (14) gives
n Association of Mathematical Physics Volume 40, (March, 2017), 283 - 292
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e
(0 ALY P RO v AT

n o=l et

Al

A
AR (v RGO e DS

L RO e T

A

ot
(R (- + RO+ v, (-re VD5

From Sguation (44

]

& =0
Qubstituting equation (79) inte (44) gives
e =(-Lpa, +Dnp -y +A)

Integrating both sides Wi respect to time () and applying the initial

e ::(-—Lp,q‘ + f)“.l‘_.ﬁ, -y +A)I;.

From aquation (13) B

E=e¢,+he +he, +..

Substituting the values of equations (64), (79) and(100) in (15) gives
E(f) =lim= E(0) + h(~Lp,a, + Dy, B, —y + At

h—1 .

+(-Lp,a,+Dn B -y+ 1)1;-

E)=EO +h(-Lpa, +Dn g -y + /l);
H-Lpa,+Duf e )

The following are analytical solution of the model:

L =L(0)+(RL(0)+ u (-re ™ ~u,)
+(RL.(0)+u, (-r)e ™ - u,)%_
C. =C.(0)+(-uC,(0)+A)

+(o— uC.(0)+ ;L)%
S, = 5.(0)+h(-p,L,(0)+71,C,(0) + A +7)t+((=p,L,(0)
£7,C.(0)+ A+7) +(=v, + R C(0)+v,(-r)e™™)
FRLO)+u(-re  —u)t—(p(RLO)+u,(-r)e™ ~u,)
+1,(—v, (0 + RC(0)+ v,(—r)e‘”"))g
D, =C.(0)+(-v, +R.C,(0)+ v, (-r)e ")t

~

+(R(~v, +RC.(0)+ v,(—r)e'“r’))%

Journal of the Nigerian Association of Mathematical Physics Volume 40, (Marc
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(1o1)
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8, _E(O)+h(=Lp,a,+Dn p }’+/l)t

s(-Lpa, +On.B —y+ /1)

I\umerlcal Simulations
rried out us ns were
W0 re\S‘teS"no fxt\asrza ing the follomng variables ang parameters for the initial conditions, computatio
h‘ [el’] soltwa
a

.,nfl“ jnitial conditions for each plot for the Variables ang arameters
],plt' sand Parameters  Valye Source
rable 12,350,849

UBA Nigeria Financial Report (2015)

51- 11,174,379 «

D 633,215 .

§ 1,176,470 e

" 516,651 “

L-.\ 075 &

';' 0.81 Assumed

0.81 Assumed

o 0.75

3 1.01 Assumed

¢ 1.01 Assumed

' 0.5 Assumed

1.1’ 0.5 Assumed

/

’ 0.20 Assumed
2 0.10 Assumed
' 0.15 Assumed

/)
: 0.75 Amirmehdiet, al (2014)
0.75 «

Results of Numerical simulations are presented on Fig. 1-6

e 1047 o
182104 4
1.4 x 104 4 B.x 10
12% 10 -
1 6.% 1047
1.x 107 o [T Bguiy
—_— =t),81 Cashourdlon's — =043
= d depomts . 10F 4 —_— =G 5] = . =023 4% 104
- m =021
& x 197 -
2 =10t
4= 10% 4
2107
i
} o 1 2 3 4 3 tome (yacs | i .
0 TET 3 fome( yaars ) o Fimsce 3 soanh of Fotarc asm ne hime we eanen ¢
% :’ 3 + < Figaae 2 Graph of interest (cash ourfl ows) against tim
toma (yacr: E .
F . i agaInct tm e
'8¢ Show's graph of flow's on deposit aga : N
1 10¢ . .
1 B : gty R
1] 16w 104 . L]
pax10® ] 3 r 10
12x 104
3 u=023 Inter et rate on L oans
Calirezera 1.2 10* — =043 2«10
- - 1 =073
Tt 5= 10° : .
— ) 63 . : v ./
i - = ym D40 &% 10 4 £ —y :/
L | 5
4% 10° R 7
- 2 % 10° it R T Y
T 2 1 2 3 i H
i ) e | oars
o 1 2 3 4 3 Figars & gapy of [merest roms agunst tave
timd | yoars ) promn
) 2 E Figure 3. graphof cash reserve agmnst
Ty y ime i yaars)

P30 of shares agmins tme with dff erent rates
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Application of Homotopy... Jiya, Bawa, Sheh
5.0 Discussion of Results — th different rate. It can be deg
qts a alnst “mc wi rgs . Uced
flow on deposits & hen the interest rate of deposit is high. In g rh'"H
15 . 0

l'lgulre 1: Plot shows the dynamic of cash in
YI; “ i
graph that people are encouraged to save thei
reduced the rate of liquidity risk.

Figure 2: Plot of dynamics cash outflows u, (1)

loan issued decreases when interest rates on loans increases. Int

: W
r money in the bank i

o with different rates at (1) =5.1tis bseryg
: G
e discouraged to take loar ’am!
'd,‘h

n

on loans against tim

his case people ar

ase or sale (Y ) at [=5.1tis Noted

interest rate of loan is so high f purch
Fi o . . 3 ) 5 . 1 1 i aleso p
gure 3: Plot shows the graph of equity against time with dlffcrenlfl his case the gfaph shows the OWning T
owner’s interest i ases as S ale increases. T ' vi " i
est increases as that of purchase and sale incr o holders and dividends as well. This is ma""miZedM i

corporation over time will if possible yield principal gains for sh
r different rates of sec

- ) _ LI urities investment on trading () . 1y:. .
Figure 4: Plot display a graph of shares against time fo ' segy (

ofit s periodic dividends based on gy,
My,

when the rates of ¥, = 80%, ¥, =60% and 74 = 4(%, the company earned pr

of stock. .
rates of security portfolio return. It can be deduceq 5,

. :Egulre i.ﬁPlot shows cash reserve against time with different much profit on their capital by o ™"
graph when the rates are ( 4 =25%, 45% and 4 =0.75%), the b0 i Y lending
cash to borrowers instead of holding it in their vaults or depositing it in similar institutions.

i . . : ) e ns (R ). This shows the ,
Figure 6: Plot of interest rates against time with different rates of repayment of Foa ( _f) ) bank ey
¢ the duration of the loans issued over time end in maturity age.

ks can cbtain

i

interest income on loan portfolio. In this cas ued
6.0  Conclusion S -
In this research work, efforts were made to develop a mathematical model for asset and ]I.Elblllt}’ ‘portfohol system op p,
using Homotopy Perturbation Method (HPM) for numerical simulation. We used ordinary differential equations on asse,
liability portfolio to model cash flows in asset and liability accountsof the bank based on the dynamt_cs. The mode] y,
tested with the use of maple 14 software for analysis, which shows indigenous bank can manage their asset and Jighj

sired behavior and better y,

portfolio through increase on cash flows or financial flows. Our graph of cash flows shows de _ . i
idered only interest cash flows and dynamics of interest rate o |y

Com{)afed with the graph of [7] and [1] which cons .
portfolio rather than both cash flows and investment security trade on portfolio return..
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