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Abstract

In this paper, Opposition based Russian ice hockey
optimization algorithm (ORIHO) is applied for solving
the power loss lessening problem. Russian ice hockey
optimization algorithm is stimulated by ice hockey
playing methods which emphases on hockey puck fleet-
ing and competitor locating. Ice hockey is a connexion
midwinter squad game played on ice skateboards, cus-
tomarily on a hoarfrost slithering arena with streaks and
colorations explicit to the game. The competitor or
player location signifies the contender solution. In the
interim, the hockey puck location is the elucidation
vector that will control the locus of the subsequent com-
petitor. Moreover, players characterize a set of elucida-
tion. Chaotic sequences are integrated into ORIHO
algorithm. Tinkerbell chaotic map engendering stand-
ards are implemented. Opposition based Learning
ORIHO algorithm utilize Laplace distribution to en-
hance the exploration skill. Then examining the pro-
spect to widen the exploration, a new method endorses
stimulating capricious statistics used in formation stage
regulator factor in ORIHO algorithm. Proposed Opposi-
tion based ORIHO algorithm is corroborated in IEEE
30, 57, 118, 300 and 354 bus test systems. True power
loss lessening, power divergence curtailing, and power
constancy augmentation has been achieved
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Introduction. Loss decreasing problem in system is intended as one of the in-
credible environments for innocuous and monetary operation. It is supreme by

suitable association of the association contraption used to manage up the power

flow with the goal of diminishing the true power losses and progress the voltage
outline of the structure. Zhu et al [1] solved the problem by modified interior
point method. Quintana et al [2] solved by successive quadratic programming.
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Jan et al [3] used Newton — Raphson. Terra et al [4] did Security-constrained
mode. Grudinin N. [5] used successive quadratic programming. Ebeed et al [6]
used marine predators algorithm. Sahli et al [7] used hybrid algorithm. Davoodi
et al [8] used semidefinite method. Bingane et al [9] applied tight-and-cheap
conic relaxation approach. Sahli et al [10] applied hybridized PSO-Tabu.
Mouassa et al [11] applied ant lion algorithm for solving the problem. Mandal
et al [12] solved by using quasi-oppositional. Khazali et al [13] solved the prob-
lem by harmony search procedure. Tran et al [14] solved by fractal search pro-
cedure. Polprasert et al [15] solved the problem by using enhanced pseudo-
gradient method. Duong et al [16] solved the problem by an operative metaheu-
ristic procedure. Raghuwanshi et al [17] utilized bagging based ELM. Yu et al
[18] applied dual-weighted kernel ELM. Lv et al [19] used kernel ELM. From
Illinois Center! for a Smarter Electric Grid (ICSEG) IEEE 30 bus system data
obtained. Dai et al [20] used seeker optimization procedure for solving the prob-
lem. Subbaraj et al [21] used self-adaptive real coded genetic procedure to solve
the problem. Pandya et al [22] applied particle swarm optimization to solve the
problem. Hussain et al [23] applied amended particle swarm optimization
to solve the problem. Vishnu et al [24] applied an enhanced particle swarm op-
timization to solve the problem. Omelchenko LN. et al did development of a
design algorithm for the logistics [25], did the work on organization of logistic
systems of scientific productions [26], solved the problems and organizational
and technical solutions [27]. Khunkitti et al [28] used slime mould algorithm.
Diab et al [29] used optimization techniques. Surender [30] and Reddy [31]
solved the problem by faster and cuckoo search algorithms. Sridhar et al [32]
used ALO method. Suja [33] used moth flame optimization procedure. Darvish
Falehi [34] applied grasshopper optimization algorithm. Sharma et al [35] used
hybrid ABC-PSO. Bentouati et al [36] applied improved moth-swarm algo-
rithm. Menon et al [37] applied OS-DPLL. Saxena et al [38] used STATCOM.
Kazmi et al [39] worked on loop configuration. Sambaiah et al [40] worked in
EDN. Zaidan et al [41] worked in var comp. optimal location. Lakshmi Priya et
al [42] used GWO-BSA. Ahmadnia et al [43] worked in ESR. Ashpazi et al [44]
worked in thyristor-controlled phase shifting. Juneja [45] used a fuzzy-
controlled differential evolution to solve the problem. Kien et al [46] used dis-
crete values of capacitors and tap changers. Mouassa et al [47] applied ant lion
optimization algorithm. Tudose et al [48] applied improved salp swarm algo-
rithm. Karthik et al [49] applied levy interior search algorithm. Mei et al [50]

! llinois Center for a Smarter Electric Grid (ICSEG).
Available at: https://icseg.iti.illinois.edu (accessed: 06.08.2024).
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applied moth-flame optimization technique. Nuaekaew et al [51] applied grey
wolf optimizer. Khazali et al [52] applied harmony search algorithm. Chen
et al [53] applied enhanced PSO algorithm. IEEE 57-bus test system data
obtained”. From Power systems test case archive’ (University of Washington)
data obtained. IEEE 118 bus test system data obtained®. Zou et al [54] applied
chaos cultural sine cosine algorithm. Inoue [55] used dynamical systems chaos.
Dinkar et al [56] used opposition based Laplacian ant lion optimizer.

In this paper, opposition based Russian ice hockey optimization algorithm
(ORIHO) is applied for solving the power loss lessening problem. Russian ice
hockey optimization algorithm is stimulated by ice hockey playing methods
which emphases on hockey puck fleeting and competitor locating. Chaotic se-
quences are integrated to magnify the exploration and exploitation. Opposition
based ORIHO algorithm utilize Laplace distribution to enhance the exploration
skill. Special features of the Russian ice hockey team:

-Russia is one of the most successful national ice hockey teams in the
world and a member of the so-called “Big Six, the unofficial group of the six
strongest men’s ice hockey nations, along with Canada, the Czech Republic,
Finland, Sweden and the United States. So, the strategy used by the esteemed
Russian ice hockey team has been imitated to design the algorithm;

—Russian ice hockey team won nearly every world championship and
Olympic tournament between 1954 and 1991 and never failed to medal in any
International Ice Hockey Federation (IIHF) tournament they competed.

Proposed ORIHO algorithm is corroborated in IEEE 30, 57, 118, 300 and
354 bus test systems. True power loss lessening, power divergence curtailing,
and power constancy augmentation has been achieved.

Problem formulation. Power loss minimization [50-53] is defined

by minF (3 , E) , where min is minimization of power loss. Subject to the con-

straints A (c_l , E) =0; B (d_ , E) =0, d, e are control and dependent variables,
d=[VLGi,...,VLGng; QGi,-..,QCNe; Tis ., Tr

? The IEEE 57 bus test system.

Available at: http://www.ee.washington.edu/research/pstca/pf57/pg_tca57bus.htm
(accessed: 06.08.2024).

* Power systems test case archive, University of Washington.
Available at: http://www.ee.washington.edu/research/pstca/ (accessed: 06.08.2024).
* The IEEE 118 bus test system.

Available at: http://www.ee.washington.edu/research/pstca/pf118/pg_tcall8bus.htm
(accessed: 06.08.2024).
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e=[ PGiacks VLi,-.., VLNroads QGs..., QGngs SLi,..., SLnt |

Here QC is reactive power compensators; T is tap setting of transformers;
PGggex is slack generator; VL, is level of the voltage; QG is generation unit’s

reactive power; SL is apparent power.
The fitness function ( fi, f2, f3) is designed for power loss (MW) lessen-

ing, voltage deviancy, voltage constancy index (L-index) is defined by:

NTL
fi = Pmin =min| Y G, [Viz+V].2—2V,-VJ- cos@ij] ;
m

NiB )
Z ‘VLk _VLieszred
i=1

1=

i=1

fr = min{

f 3 = minLpay,
where NTL is number of transmission line; VL is load voltage in k-th load
bus; VL“,Z(“M is voltage desired at the k-th load bus; QGk is reactive power
generated at k-th load bus generators; QK™ is reactive power limitation;
Nip,Ng are number load and generating units; Lyax = max[L j], j=
=1...,NB,

NPV Vz 1 1 Vz
Li=1- 3% fii— fi==[V1] [V2]; Lmax =max|1-[Vi] [V2]—-|.

-1 V) 4
Parity constraints:

0=PG;—PD; ~V; 3 V;[ Gjj cos[@ —@; |+ Bj sin [0 —0; | |5
jeNB

0=QG;-QD;-V; ¥ V;[ Gjsin[@ —0; ]+ B; cos[@: —0;]].
jeNB
Disparity constraints:
PGIIN < PGyaee < PG5 QGM™ < QG; <QGM™, i e Ng,

s slack>

VLN VL SVIPX, jeNL, T™n <T; <T™X, jeNT,

QC™iIn <QC <QC™ax je NC,

SL;|<SLM*, ie NTL,

VGMIn <VG; < VGM™, e Ng.
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Multi objective fitness function:

MOF = fi+1 f, +ufs =
NL o Mg .2
:fl{zxv[VLi—V min [*+ 3, [ QG QG | }rff%
i=1 i=1

where u is dependent variables;

ypmin =) VI VLS VIR oy ] QO QG > QG
| VLR, VL < VIR, QGMin, QG; < QGMin.

ORIHO algorithm. ORIHO algorithm is stimulated by ice hockey playing
methods which emphases on hockey puck fleeting and competitor locating. Ice
hockey is a connexion midwinter squad game played on ice skateboards, cus-
tomarily on a hoarfrost slithering arena with streaks and colorations explicit to
the game. It is one of the dissolute squad games using hockey puck. In Russian
ice hockey, two opposite squads utilize ice hockey batons to regulate progress
and sprout the hockey puck into the other squad’s goalmouth. Every goal is a
value of single point. The squad which notches the maximum goals is pro-
fessed as the victor. In an official sport, every squad possess players in the play-
ing arena including goaltender. The preliminary aim of the approach is to reg-
ulate the play by preserving the hockey puck possession. Players in both
squads will try to possess the hockey puck continuously. Once the hockey puck
ball is nearby to the rival’s goal post, the competitor will strike the hockey puck
into goal post. The competitor or player location signifies the contender solu-
tion. In the interim, the hockey puck location is the elucidation vector that will
control the locus of the subsequent competitor. Moreover, players characterize
a set of elucidation. Figure shows the Russian ice hockey playing environment.

At the preliminary phase, the competitor location is arbitrarily formed:

Hl’l cee Hl,nxm
Hg=| @ . : ,

HS’l cee HS)n)(m
where H is the players of the Russian ice hockey; S is specifying the population
size; n, m are dimensions. Hockey puck location is defined as
HPl,l oo HPl,nxm
HPs=| i :

HPsy ... HPspom
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The assessment is done to evaluate the competitor location rendering to
optimization aim. Beforehand the nominated appropriateness rate can be ap-
plied:

Zigg - Zip3
Zi=| .,
Zpgg o Zn23

where Z; is used in assessment. Prominent that Z; is arbitrarily generated for
preliminary iteration, whereas for the rest it is obtained from the fresh
competitor or player location:

Z Imin

szin '
Z = , Z] :a{Zimin}'

Imin

Z

Nmin

Function’s maximum and minimum are defined by

Omax = (Omax _Omaxmin )/(OmaXmax _Omaxmin )’ (1)
EZ(E_Emin)/(Emax_Emin): (2)
min fun = ®0pax + ®2E, (3)

where ®,, ®, are weight.

> Available at: https://www.tutorialspoint.com/ice_hockey (accessed: 22.11.2021).
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The hockey puck apprising process pretends the delivering of hockey puck
from single competitor to the neighbouring competitor. Conversely, in an ac-
tual game, there is a probability of a hockey puck gone to the rival team in the
course of the transient. In the ORIHO algorithm the probability is ten percent-
ages. Then the streamlining the hockey puck is defined as:

pi =

~ { R( pi — pi+1)+ pi> Ry > probability of losing the hockey puck; @

pi—(01+R)(pi— pi+1)> Ry < probability of losing the hockey puck.

Here Ry is arbitrary number, Ry E[O,l]; 01 determine the hockey puck
reflection level; Ry > indicate the successful transient of the hockey puck;
Ry < indicate the unsuccessful transient of the hockey puck.

The competitor or player position is modernized by

H; :HZ-+R02(HPZ-' —Hi)+RO3(q_Hi)’ (5)

0, = 1.5t0 2.5; 03 = 0.5 to 1.5. Bothe 0,, 03 are responsible for balancing
the exploration and exploitation.
The hockey puck apprising is done rendering to possession is given by

HPI')1 = R(H 11— H 2,1)+ Hj,. Location of the player is rationalized rendering
to the position by H{, = Hy; + Ro, (HPI')1 —Hy, ) +Ro3 (Huy1—Hiy).

Chaotic sequences are integrated into ORIHO algorithm. This incorpora-
tion will amplify the exploration and exploitation. Tinkerbell chaotic map [55]
engendering standards are implemented:

ut+1:ut2—vt2+aut+bvt, (6)
Vigl = 2UsVs +clp +dvy, (7)

where a, b, ¢, d are non-zero parameters, a=0.9, b=-0.6, ¢=2.0, d=0.5.
At primary stage uo and v, = 0.1.

The functional value by linear scaling in Tinkerbell chaotic map is deline-
ated as:

tf+1 =(ty+1—min(u))/(max (u)—min(u)). (8)

ORIHO algorithm utilize Laplace distribution to enhance the exploration
skill. Then examining the prospect to widen the exploration, a new method
endorses stimulating capricious statistics used in formation stage regulator fac-
tor in ORIHO algorithm. In the proposed procedure, the exchanging of capri-

88 ISSN 1812-3368. Becrank MI'TY um. H.O. baymana. Cep. EcrecTBennble Haykm. 2025. Ne 1



Opposition based Russian Ice Hockey Optimization Algorithm...

cious statistics is done with the illogical numbers stimulated by Laplace distri-
bution to enlarge the assistance of the probability of formation stage in the ex-
ploration zone:

lexp(—|v—c|/d), b<c,
fun(v)= 2

1—%exp(—|v—c|/d), b>c.

The probability propagation function of Laplace diffusion is fun(v;c,d)=
=(1/2) exp(—|v—c|/d), — o0 < ¢ <o, where ¢ e(—0,0).

Opposition based learning (OBL) is one of the influential approaches to
improve the convergence quickness of procedures. The flourishing use of the
OBL includes evaluation of opposite populace and dominant populace in the
analogous generation to regulate the superior contestant explication. The per-
ception of opposite number requirements is to be delineated to explicate OBL.

Let O(Z €[c,d]) be a palpable figure and the O° (opposite figure) can be
delineated as O° =c+d—U. In the exploration area it has been protracted
as O =c¢; +d; —U;, where (OI,OZ,...,Od) indicate dimensional exploration
zone; O; €[ci,di |, i—>{12,3,...,d}.

The perception of OBL is employed in the initialization process and in it-
erations by means of the cohort vaulting level:

a.min f

b. if f(0")<f(0); then 0=0"

c. Orelse

d.Endure with O in consecutive generations

An opposite component is assimilated after streamlining and produced the
distinguished component

H; (iter )= (LB; +UB; — H, (iter)). 9)

Here LB, UB are lower and upper bound.
Mutable speedy parameter (M, ) balances the exploration and exploita-
tion and technically delineated as

M = Mmax —iteryMmax — Mmin / itefmax. (10)

The OBL method betrothed rotund the illustrious component and it delineat-
ed as

H; (iter )= M, (LB; +UB; — H, (iter)). (11)

ISSN 1812-3368. Bectaux MI'TY um. H.9. baymana. Cep. EcrecTBennble Haykm. 2025. Ne 1 89



L. Kanagasabai

Algorithm
a.Start
b.Fix the parameters values
c.Apply OBL
d.Position of the Russian ice hockey player is initialized
e.Appraise the Russian ice hockey player position
f.Formula (1)
g.Formula (2)
h.Formula (3)
i.Formula (4)
j.Formula (5)
k.Apply Tinkerbell chaotic map
l.Formula (6)
m.Formula (7)
n.Formula (8)
o.Appraise the Russian ice hockey player position
p.Formula (9)
q.Formula (10)
r.Formula (11)
s.Modernize the hockey puck location
t.Streamline the Russian ice hockey player location
u.If end condition met stop or else go to step d
v.End

The computational complexity of ORIHO algorithm is contingent on ini-

tialization, aptness assessment, and appraisal of the Russian ice hockey optimi-
zation algorithm: O(TM )+ O(TME), where T is max iteration; E is dimen-
sion of the problem. Over all computation complexity is O(N(T +TE)), N, T
specify about the count and maximum iterations.

Simulation study. Projected ORIHO algorithm is corroborated in IEEE

30 bus system. In Table 1 show the loss appraisal, Table 2 shows the voltage
aberration evaluation and Table 3 gives the L-index assessment.

Table 1
Assessment of tangible power loss (IEEE 30 bus system)
Algorithm Power loss, MW Algorithm Power loss, MW
PSO-TS [10] 45213 HAS [13] 4.9059
TS [10] 4.6862 FS [14] 4.5777
PSO [10] 4.6862 HIFS [14] 4.5142
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End of the Table 1
Algorithm Power loss, MW Algorithm Power loss, MW
A LOA [11] 4.5900 ES [16] 4.5275
QO-TLBO [12] 4.5594 LISA-I/LISA-II [51] 4.8193 / 4.8547
TLBO [12] 4.5629 SSA [50] 4.5317
GA [13] 4.9408 ISSA [50] 4.5269
SPSO [13] 4.9239 ORIHO 4.3191
Table 2

Assessment of voltage aberration (IEEE 30 bus system)

Algorithm Voltage deviancy, PU | Algorithm | Voltage deviancy, PU
PSO-TVIW [15] 0.1038 TLBO [12] 0.0913
PSO-TVAC [15] 0.2064 FS [14] 0.1220
PSO-TVAC [15] 0.1354 ISFS [14] 0.0890
PSO-CF [15] 0.1287 S-ES [16] 0.0877
PG-PSO [15] 0.1202 LISA-I [49] 0.374
SWT-PSO [15] 0.1614 LISA-II [49] 0.377
PGSWT-PSO [15] 0.1539 SSA [48] 0.0854
MPG-PSO [15] 0.0892 ISSA [48] 0.0831
QO-TLBO [12] 0.0856 ORIHO 0.0819

Table 3

Appraisal of voltage constancy (IEEE 30 bus system)

Algorithm Voltage constancy, PU Algorithm Voltage constancy, PU
PSO-TVIW [15] 0.1258 TLBO [12] 0.1180
PSO-TVAC [15] 0.1499 ALO [11] 0.1161
PSO-TVAC [15] 0.1271 ABC [11] 0.1161
PSO-CF [15] 0.1261 GWO [11] 0.1242
PG-PSO [15] 0.1264 BA [11] 0.1252
SWT-PSO [15] 0.1488 FS [14] 0.1252
PGSWT-PSO [15] 0.1394 IS-FS [14] 0.1245
MPG-PSO [15] 0.1241 BFS [16] 0.1007
QO-TLBO [12] 0.1191 ORIHO 0.1001

Projected ORIHO algorithm is corroborated in IEEE 57 bus system. Tables 4
and 5 show the loss appraisal, voltage aberration evaluation, Table 6 give the pow-

er constancy assessment.
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Table 4
Appraisal of power loss (IEEE 57 bus system)
Algorithm Power loss, MW Algorithm Power loss, MW
ICOA [46] 22.376 MOPSO [49] 27.83
ICOAL1 [46] 22.383 MOEPSO [47] 27.42
WCA [46] 26.0402 MFO [50] 24.25
SSA [46] 25.3854 MOGWA [51] 21.171
SFOA [46] 26.6541 SGA [52] 25.64
COA [46] 24.5358 PSO [52] 25.03
LISA-I [48] / LISA-II [49] 26.88 /26.92 HAS [52] 24.90
ISA [49] 26.97 ORIHO 20.201
Table 5
Voltage aberration evaluation (IEEE 57 bus system)
Algorithm VD, PU Algorithm VD, PU
ICOA [46] 0.6051 | LISA-I [49] 1.0642
ICOA1[46] 0.6155 | LISA-II [49] 1.072
WCA [46] 0.7309 | ISA [49] 1.0912
SSA [46] 0.94 | MOPSO [47] 1.10
SFOA [46] 0.7913 | MOEPSO [47] | 0.896
COA [46] 0.6711 | ORIHO 0.6018
Table 6
Power constancy assessment (IEEE 57 bus system)
Algorithm  [ICOA [46]| ICOA1 [46] [WCA [46]| SSA [46] | SFOA [46] | COA [46]| ORIHO
Volt 0.215
° .a.ge . 0.25169 | 0.2583 | 0.2789 | 0.29 0.2831 | 0.2757
stability index 1

Projected ORIHO algorithm is corroborated in IEEE 118 bus system.
Table 7 shows the loss appraisal, Table 8 shows the voltage aberration evalua-
tion and Table 9 gives the power constancy assessment.

Table 7

Power loss appraisal (IEEE 118 bus system)

Algorithm Power loss, MW Algorithm Power loss, MW
ICOA [46] 114.8036 COAZ2[46] 126.0426
ICOA1[46] 114.8623 LISA-I [49] 119.79
WCA [46] 118.3207 LISA-II [49] 120.15
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End of the Table 7
Algorithm | Power loss, MW Algorithm Power loss, MW
SSA [46] 125.7288 ISA [49] 120.67
SFOA [46] 125.6801 ALCPSO [53] 121.53
COA [46] 132.3341 CLPSO [53] 130.96
COA1[46] 123.6867 ORIHO 114.08
Table 8

Voltage aberration evaluation (IEEE 118 bus system)

Algorithm VD, PU Algorithm VD, PU
ICOA [46] 0.1605 COALl [46] 0.1928
ICOA1[46] 0.1608 COA2 [46] 0.1936
WCA [46] 0.2315 LISA-T [49] 0.2819
SSA [46] 0.4883 LISA-II [49] 0.2876
SFOA [46] 0.6061 ISA [49] 0.2948
COA [46] 0.2034 ORIHO 0.1608
Table 9
Power constancy assessment (IEEE 118 bus system)

Algorithm | Voltage stability index Algorithm Voltage stability index
ICOA [46] 0.06061 SFOA [46] 0.0619
ICOAL [46] 0.06064 COA [46] 0.06123
WCA [46] 0.060731 COAL1 [46] / COA2 [46] | 0.06072/0.06077
SSA [46] 0.0639 ORIHO 0.06011

Projected ORIHO algorithm is corroborated in IEEE 300 bus system.
Table 10 shows the loss appraisal and the voltage aberration evaluation.

Table 10

Power loss appraisal, and voltage aberration evaluation (IEEE 300 bus system)

Algorithm
Parameter
LISA-T [49] LISA-II [49] | ISA [49] | MOALO [47] ORIHO
Power loss, MW 396.983 397.236 397.902 398.853 390.006
VD, PU 5.9324 5.9416 5.9613 6.0169 5.7501

Projected ORIHO algorithm is corroborated in IEEE 354 bus system.
In Table 11 shows the loss appraisal and the voltage aberration evaluation.
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Table 11

Power loss appraisal, and voltage aberration (IEEE 354 bus system)

Algorithm
Parameter
LISA-I [49] | LISA-II [49] | ISA [49] |FAHCLSO [47]| PSO [47] | ORIHO
Power loss,
Jxer 0% 1 337374 | 338715 |339.325| 341.001 | 341.123 | 336.108
VD, PU 0.4978 05117 | 05216 0.5354 0.6395 | 0.4512

Below shows the time taken for IEEE 30, 57, 118, 300 and 354 bus test sys-
tems:

IEEE bus system ..........cccceecvuvicurucnee 30 57 118 300 354
TimMe, S e 29.01 32.14 42.02 78.13 88.23

Conclusion. Proposed ORIHO algorithm abridged the loss ingeniously. The
competitor or player location signifies the contender solution. In the interim, the
hockey puck location is the elucidation vector that will control the locus of the
subsequent competitor. Moreover, players characterize a set of elucidation. Chaot-
ic sequences are integrated into ORIHO algorithm. This incorporation will ampli-
fy the exploration and exploitation. Tinkerbell chaotic map engendering stand-
ards are implemented. Opposition based learning is one of the influential ap-
proaches to improve the convergence quickness of procedures. The flourishing
use of the OBL includes evaluation of opposite populace and dominant populace
in the analogous generation to regulate the superior contestant explication.
The perception of opposite number requirements is to be delineated to explicate
OBL. ORIHO algorithm utilize Laplace distribution to enhance the exploration
skill. Then examining the prospect to widen the exploration, a new method en-
dorses stimulating capricious statistics used in formation stage regulator factor
in ORIHO algorithm. In the proposed procedure, the exchanging of capricious
statistics is done with the illogical numbers stimulated by Laplace distribution
to enlarge the assistance of the probability of formation stage in the exploration
zone. Proposed ORIHO algorithm is corroborated in IEEE 30, 57, 118, 300
and 354 bus test systems. True power loss lessening, power divergence curtailing,
and power constancy augmentation has been achieved.
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