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AbstractAn alternaive to traditional Pseuddoise (PN)}Sequencesone
dimension (1D) orthogonal chaotic map sequences, and three dimensional
continuous chaotic systems (X,y,z) are generated by orthonormal-Scamidt
process. A new Orthogonal Chua Chaotic Sequences QiaG8d Direct
Sequence/Spred8pectruraCode  Dvision Multiple Access (DS/SSDMA)
system is proposed. The proposed system combines the 3D Chua chaotic
with Real Orthogonal Matrix Approach (ROMA). Comparing to previc
sequences, th@CCS inherit all beneficial features of Chua's Circuit an@RA
scheme, such as the best correlation properties, higher capacity, Low Proba
Interception (LPI), reliable security and good orthogonality. The three analyt
Bit Error Rates (BERs) expressions for each orthogonal sequénbé fii-u of
OCCswith three fingers Rake receiver under thpsth Rayleigh fading
channel with their spreading delays are derived. The correlation proper
capacity, randomness and securityQffCS are evaluated. The simulation
results show that the overall BERerformances, capacity, and security
proposed ® fto  of OCCS-based DS/SEDMA system outperform classical P
, 1D Logistic Map sequences and seq
orthonormal GramSchmidt process. The results also showed at BER 13 for
single and multuser transmissions, the propose@CS & has achieved gains
of 5 and 4 dB respectively in sigralnoise (SNR) over traditional DS/SPDMA
based on other sequences in Rayleigh fading channel.
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1. Introduction

The DS/SSCDMA system based on (PN) capacity) [4]. However, many of designed
sequences, like Orthogah Variable Space schemes for generating chaotic sequenée) [
Vector (OVSF) Hadamard, and Walsh codes, based on 1D Logistic Maf3] consoidating with
etc., is an efficient technology provides multiple orthonormalization Grar$Schmidt process [7]
access capability to different users to sharehave been shown that the
simultaneously same bandwidth of frequency atchaossequences is almost approached to- PN
same time [1]. The entire properties of PN sequences [8]Therefore, in comparison to PN,
sequences play significant role in all performanceand 1D Logistic Map sequences, the reproducing
and capacity of DS/SEDMA system. a new orthogonal spreading sequencbhy
Unfortunately, the classical Pdeqiences have combining 3D Chua chaotic systems [9] with
flaws in their features [2],consequently, the Real OrthogonaMatrix Approach (ROMA)[10]
system experienced many problems .Thewill configure Orthogonal Chua Chaotic
imperfect autecorrelation in multipath channel Sequences OCGShat possess the best auto
causes InteBymbotinterference (ISI) and results correlation (antiSl) [3,11] and lowest cross

in a synchronizatiorproblem [3]. The nonzero correlation (antMAI) [12], and good arti
values of croscorrelation amongst other users' jamming R]. Besides that the OCg$herit all
sequences can cause popping up an issue éfatures of 3D Chua's circuit, like sensitive
Multiple Access Interference (MAl which is  dependence to initial conditionso(Xy, Z) and
considered a main | i mitpgamngeterd & &), more dimensios (x,syt e mo s
BER performance and capacity [3]. The lowerz), deterministic wideband, no periodicity, and
randomization and short complexity, and highest complexity and randomness abg
perodicity, they cause a weakened securitymerging with ROMA methogdthis will reproduce
trouble (High probability Interception (HPI)) and and recreate infinite uncorrelated OCC$hat
less number of generated sequences (lowetannot be deaed or intercepted by deciphers.
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Therefore, the capacitypf low probability of
interception (LPI) and security of DS/SSDMA
system are boosted [13,144ll aforementioned
chaotic properties have been qualified chaos
sequences to be applied in DS/ISBMA
systems [15]. The enhanced properties of -auto
correlation and crossorrelation of OCCSare
demonstrated by Merit Factor formula and W
index criteria respectively [6]. The highest
randomization of OCCSis experimented by
National Institute of Standardsié Technology
(NIST) [16]. The mathematical expressions of
BER performances and extcapacity of DS/SS
CDMA for each ®hb MU of OCCSare
derived.

2. Chua Chaotic System Model

The Chua's circuit is a simple inexpensive
electronic circuit(oscillabr) invented in 1983 by
Chua [L7]. The three standard mathematical
equations of Chua's model are describedy [

@ " @ o Om
® O O a P
¢ ol a

As shown in Figre 1, @A T W are chaotic
variablesstatesthat describe chaotic behaviof

t he Chuads "Oomaodedd

O W ps W ps , represents piecewidmear
functionthat plays a significant part in tlebaotic
Chua'scircuit mechanism( },, &) are Chua
circuit 6s witp ax d.B8WG7e b=s
0.732101, 3 =10,06=18.%60
°[9].

3. Real Orthogonal Matrix Approach
(ROMA)

Already the ROMA has been employed 1®[18]
to construct Multiinput Multi-Output (MIMO)
systems. The ROMA states that any orthogona
matrix ! of size m is an mxm orthogonal matrix
with indeterminants AA,N , éAN Actually, the
orthogonality is valid only if m= 2, 4, or 8 [10].
For size of m2,ROMA«m) can be given by:

| |

! Lo S

Now, if we denotét FE pht, as theE columns
of I , in EQ.(2), it is easy to show that:
o# h# O nix E A awhk# O

B # # FE HMis the inner product of
columns # AT #A.Therefore, the columns
# AT #A are orthogonal to each other.
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Figurel: Chuads attractors
}=10g= 18.605, 0 =°a6-1.37069,1 16 6

b=-0.732101, andk,= Yyo=2, = 0.08839.

4. Design of theProposed (OCCS) using
ROMA (2x2)

As depicted in Fig.2, the Chua's entity produces
three real continuous nonorthonormal chaotic
sequencesm ho fi Naturally, these

o hw acquire all previous mentioned
chaotic properties of Chua that DS/E®MA
system is required, but inappropriately, they are
not orthogonal.For this reason, we proposed a
novel scheme that
and ROMA,x,) to reconstitute new ortigonal
sequences. The proposed new scheme wsetld
forth starting points to develop new ideas that
support Multiplexing systems. As shown in
section (2) here,ROMA (»x,) is applied to every
chaotic sample in each sequenaehn i ,

. theg ng 5=6.7781166 110
samples of E{X1,X, € .p}, X
Vic{y1Y2 € ohayd z={z1,2, € p}, z are
symbolized into equivalent locationsin

ROMA 2«2 such thak, vA; -X; vA, | @nd so on.
As seen in section (3Yhis conversion process
will form three orthognal chaotic matrices
according to sequence type

12/ - YRORD .The columns or rows

of 2/ - QW) are considered new
orthogonal spreading sequen€SCS according

N h
to sequence type ## @ hJ HJ ; wher e

Ts, T, and N are the spreading factor, time
duration of symbol ,time duration of chaotic
sample and number of users, respectiv@lye

h

new sequences / ##® M R have

h
superior characteristics agairtste classical PN
and 1D chaotic sequenc§r9,20] generated by
orthonormalkation GramSchmidt process or
ROMA 2«2, as will be proved in the next sections
[7,8,9,11]
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w
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Figure 2:The OCCS based oni "E'E ‘A
dc power, the average value for each chaotic

5. The Structure of the Proposed OCC$ sequence is made equivalent to zer®@ ®
basedCDS/SSCDMA System 0O 0 GHU T

Figure 3 shows the block diagram of ,

asynchronous i Qo o
uplink / # # ® R U : basedDS/SS Thespread complex signald Hu of each useare

CDMA system associated with QPSK then collected intoHas given in Eq4), and sent

modulation. The DS/SEDMA consists of N  through  dispersed ~ channel.  The inverse

Userds tramssnerna®r r andPSAYops at recejverg (Despreading, Integrating
transmitter, like 'Q user involves noibinary and Dumping, QPSKDemodulator, arshme

. o v e A oo el h H
independent symbols source informatien v COpies of 6 8% & ko R - are existed and
miplglo modulated by QPSK into complex accurately synchronized with their counterparts at

value “Q = @=, a single OCCS transmittery all are used to recovedesired
generator  reproduces  three  sorts  ofdata Q for each user.

S h . .
w ho R ; chaotic sequence®r every user iR

z

, . , - N iHU T
to spread “Q into ‘i by multiplier circuit
(spreader), as given Bq.(3), wherez is complex
conjugate operatoifo avert sending undesirable
. dw&praad er ¥§(13 Despreader ~1)
(1) QPsK i k L4 e QPsK d
T — odulator — Zrﬁ;" *  Demodulator >
User (1) -
Integrate & Dumgp A1)
QPSK - # - el R QPSK a@
Modulator Rayleigh . > sl * Demodulator [
User (2) + S
[AWGH) Integrate & Dump ~(2)
1
: ; |
! ; |
. dN
o QPsK N PSK a .
A" Modulator Z“it " > Den?odulator
k=1

s x
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Figure 3: The CDS/SSCDMA system based orOCCS, c')Ti 8
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6. Deriving BER Probabilities under
Multipath Rayleigh Fading Channel Using

Gaussian Approximation (GA)
To derive theoretical' % 2probabilities of 'Q
user for each 6 6 % ho Rt in DS/SS

CDMA system over Rayleigh channel, consider

Vol. 36, Part A, No. 7, 2018

[22,23] with three fingers based on one of
spreading sequences synchronized with desired
transmitter. Assume that the fading paths'
parameters are so slow thaty , and; can be
precisely calculated.

Integrate & Dump

« zDesprea .
the transmitted complex signaldU are affected der g ‘L - AF
by three paths Rayleigh fading channel as shown e > Demodu L
in Figure 4, with time response channel is given & ater
by [21]: 1
Eo (- [ .

110 110 7 : e !
110 3 L
4 N v Ly — i | n
Then the output Rayleigh channe&d with Mol e el Frrles
noiseu VAR i
can be described by: 1 i
¢ : _
0 16 ;6 1 6 i RS :
U . ¢ i | C
Wherey hy , andy are independent variables [ i

of Rayleigh distribution fading channe., and

z, are time delays of second and third path Figure 5: Components ofdemodulation process.

related to first path, respectively, witlmt  z

V4 [, andy is an amount of adding noise a; Rake demodulator i

into G with zero mean and variance ().

and their delayed

versions® and &  are weighted by h| ,
R , and)] , respectively. Therefore, real and
i : imaginary values of decision variablé for
(! i <, output correlator’)  can be giverby [24]:
R N ) EVan REVAL R pfE A& °/ m
! D= z
. D ofE & °/ . X
i i Wherep 8 is real operator, and
! ) i /
P B 6,90 109 | 9D
Figure 4: Three multipaths Rayleigh fading / Lo 8 w
channels. '
As depicted in Figre5 for demodulation process '/Nere:
of E user, each autonomous receiver utilizes
basically a simple correlator (Rake demodulator)
w ! AB | @ B AB , @ @ AB 1,190 E
(Y
v B AB 11909 AB 1,190 B A B 11909
1P
I'v ~
w" AB 419 @ B AB 119 @ AB | @ E
r'r
I‘FBFAB.{Q %) AB 119 © B AB 119@ @ W
:’:# AB 4,19 @ B AB 119 @ AB 1,19 @ E
I’p
:: B AB 1,19 @ AB | @ B AB 1 @ O
r'r
¥ B L1uvd | ud luvd
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However, to compute exact BER probability, ©A®tRRM o 1 11 14 1040 - Pro
considereffects of (ISI) between same types of ©ACst M oL 4L L1 TOA® - opro
OAdsy iy iy PA Pl 11 14 10A® . pro

P 1

sequences. According to the central limit theory ™" ™*™** ¥
and for stationary variables [25], can obtain the®A®st i i ™

. .. . \ \ P e
following statistics  propertiesO @ o By substituting Eq$16) in Eq. @), the overall
variance value is given by:

—r0
{{cf

'Od) (b 'O(‘b d) L ,'Q 79 and N - o S

~ e o OAQ sy h M p T
cow  Leo 00w L. [OA® . pro &

O 0 h'Q QWhere E[. :

(O I 0 QWhere E[.], andPy are 8 1 1 4 ?ro oy

expectation operator and the averpgever of the
OCCS w respectively .As assumed before

For brevity: writing the as:

%D 1 and %u m, then %8 values of £

Egs.(9) wherQ p can be calculated by:

0 6sl h h fQ p I 11 11 10w [ T B A

0 6s| h h fQ p I 11 11 10w A ~

0 6s| h h P I 11 11 Tow A h Py
0 Cs| h h fQ p T

Where s variation relying on the type of

pm .
By substituting Eqs.(10) in Eq.(8), the overall orthogonal chaotic sequences
expectation valués: 666% ho RH : And in same procedures,

006 sl hhF P I calculate0 0 s| h h HQ p and

T o pp N SN
The variances of EQs.(9) can be computed byU @iv sl hoh 0 p of Eq.(8) and

applying the following formula [26, 27]: confirm that:

AR 006 s h A P 006 s h A P
OAD A p rOA W VOO s h R p 0Gi6 s hA R p
~ e o ~ pw
BPB 5 Al @ ho E Assume that  has Gaussian distribution, then
% @ B n %O the conditional' %2 probability based on (GA)
B B B , %@ O %@ O can be given by7,28]:
" %2
—I PG o L.
Where OA® is variance operator and EO Ol7TA A p
Al ©u is covariance of ¢ ,sand determined O -
. -0 OI/A
by: 9
w € LN A p q T
or Asin Eq.(19),the0 OT/A A p
or o' , po 00I/A A  p
According to [27], the covariance and expected
values of uncorrelated and orthogonal variables g ¢ 5 s Cp
will be equivalent to zero, so the orthogonal s
chaotic signals@  generated byOCCS & WhereA O &#& complementary error function
will be restricted by the following formula: definedby
Al ®@ ho mh & i [28]: Q1 "Qék
%@ Fo  mhE P - A@Pd Qo cc

Therefore, the second and fourtterms of  Then,both Eqs.{19, 21} simplify Eq. (20) to:
Eq.(12) will be eliminated, and writg the 0 Oi/A A p
average power as:

W
% & % o % @ -A O A : co

0 puL Finally, by substituting Eqgs.f,17, and 18} in

. o Eq.(23),we obtained the final theoreticdl %2
By applying Eq(12) and substituting Eqgs.{113} -
inyEgsé),gthgé A)ED values of Egs.(g) E:an}be probability of DS/SSCDMA system based on

calculated by : one out of each §606% o MU

sequences:
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P g ¢ 6 p | O Then, (MF) is denoted by:
60Y ZQi "0 § >
q 1 1 8] #h Tt
& cy
P . Al ¢ 6 p | O ¢B  #iz _
0 0¥ @t Dy I o The large values of MF imply that the sequence

possesses best awgorrelation function §]. As
50y Pai of g _ depicted in Figre 6 and in comparison with
eoq f ! 0 OCCS 0HU,OVSF, and Logistic Map, the
Gt OCCS @ oy have large scale probability of MF
values and possess Kronecker delta function.
_ _ _ B Such sequences are enabling the system to
and0 10,0 10 andO [0 arenofi  gynchronize a various codes smoothly at
constant  energy  per bit of each receiversThe Windex given by Eq.(29)6] is a
sequence # # @ R AU respectively. In measure of MAI in multuser environmet is
exploited to evaluate crog®rrelation properties.
arhe large value Whdex is less MAI in

c
o
o

Wheregy, ——— |

general, the first term of Eqgs.(24) is variation

of orthogonal chaotic sequence and the secon . J oo
g d multiplexing systemg6]. As shown in Figre 7,

term is interfering signals affecting on the the | # # & h | I Wid
correlator, while the third term represents noise € ave large values ex

component. It can be inferred from Eqs.(2p, contrastta # # &0, OVSF, and Logistic Map.
BER. performance of proposeild & “uifo Foi- Therefo_re, applying ﬁese_sequences will reduce
based DS/SEDMA system for large spread MA]!’ mcreasfeD S;:Sagalil)cll;[l}; an(: boost  the
factorT  p ¢,dan be disregarding the numbers periormance o system.

of users N and variation ,that means unique B - & £
strongest features do not exist in other traditional fi
spreading  equences basddS/SSCDMA 8 - C uB
systems, so the Eqgs.(24) can be approximated to : 8 AR ﬁ
60y e -1 Qo—
Auto-correlation measurement
1 \ I
60vY e -Qi Qb— qu /\ —ovsk ||
09 \ ——0cCssx
08 = OCCSs-y L
PN o~y e T - 0OCCSs-z
00Y H € -Qi Qo—- 07 \‘1 Logistic Map
And deriving Eq.(2) for number of users (N) % oo / \
(capacity of systeni} resulting: z |
) f ¢ | © 505 /
V] o] - = K]
f 0 004
¢ Qi "Qdczd 0'Y LS /
0.3 /
O I o L ‘ "O 0.2 \
o e e o <o / \
q Q1 "Qwgzo OY 0.1 74 \
P 0 J S —
0 I p L ‘ "O -0.05 0 0.05 0.1 0.15 0.2
I o Merit Factor (MF)

¢ Qi Qdgzo 0'Y ) ) )
Figure 6: Auto-correlation properties measured by
Merit Factor method.

7.The Results of Correlation Properties

TeStS 15 Cross-correlation measuren’lent ‘

To assess the goodness of acmorelation e Towe |

properties of OCCS & hgHl, OVSF, and AN —o-occsiy ||

Logistic Map, the formula called Merit Factor 12‘\9_4,\ Logistic Map

(MF) [6] is utilized. Suppose sequence with x 1'1 \

length? and aperiodic autoorrelation is given ?;:’ '1*-—*\Pa\j\’\"\*—4\*_k

by: Al e Ty
1y . N \9~o
0 a LS O 08 ~—
tr 0.7

#ﬁ 4 ¥ ¢ X 0.6

Ly @ Q p r i T 50 60 70 80 90 100 110 120

Number of Users(N)

Figure 7: Crosscorrelation properties measured by
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W-index method
8. The Results of Capacity Tests

According to Egs.(26), Fige 8 exhibits the
relationship between given BERwnd capacity
(number of users) of DS/SSDMA system .It is
obviously trat capacity of system based on
OCCS (w,w) exceed OCCS au ,OVSF ,and
Logistic Map, e.g. at signdb-noise ratio
SNR=20 dB andBER=10* the OCCS(®,®)
scheme able to achie?d and 12 users more than
OVSF, and 16 and 7 users more than Logistic
Map, respectively. The low @pacity of
OCCS gHuresultof its low values of Windex

10°

— |

107!

—

=

1072

—— OVSF

——O0CCSs-x

—— OCCSs-y
0OCCSs-z
Logistic Map

103

BER

10

10°

10

0 80 100

40 6
Number of Users?N)

Figure 8: Capacity of DS/SSCDMA basedon
OCCSss

9. The Results of Security Tests
The security level of DS/ISEDMA system is

Vol. 36, Part A, No. 7, 2018

Randomness measurements

T
—— OVSF
——0CCSs-x
[|=——occss-y
occss-z
Logistic Map

]

S

Entropy

0 200 400 600 800

Number of Users(N)

1000 1200

Figure 9: Entropy of various spreading sequences.

Additionally, the security level is relied also on
three fundamental factor§hese arevariation bit
duration, sensitive dependence to initial
conditions (¥,Yo,Z0) and mismatching system's
parameterg } , [20].Unljke PN-sequencesthe
OCCS w ho o and Logistic Map have variable
bit duration R0Q],which pus difficult barriers in
front intruder that tries to break down the
spreading sequences and hack the desired data.
Even though 2930] had proposed attacker
methods to decipher the spreading sequeltibes

initial conditions  (%Yo,Z0) and system's
parameters( } , eof OCCS provide a super
security keys for DS/SEDMA system

therefore, it is difficult for the eavesdropper to
decode the spreading sequences and capture

determined by complexity of generator system forjnformation [4]. As shown in Figre 10, the

spreading sequences, which in timased on a
source type andtd dimensionsTherefore the

choosing of asuitable source type with its
dimensions will resultin superior complex

security level of DS/SEDMA system against
an intruder increases when a small mismatch is
occurred in initial conditions or chaotic
parameters betweentransmitter and target

spreading sequences accompanied by highegkceiver ; this leads up to increasingly reproduce

randomness and entropy. Since, the flow typg,;;

errors in  symbols QPSK modulation.

chaotic systems (Chua’s circuit) with 3D has moregccg &y has six security levels, arid more

complexity and randomness than its countesgpar
with similar dmensions (chaotic Map) and PN
sequences (OVSF), therefor the proposed
OCCS will acquire all security's benefits of
Chua's system and ROMA scheme such as; ant
jamming ability, low probability detection and
interception 2,14. According to entropy
Egs{30,31,33 and(NIST) randomness test&d]
and as shown in Figure©, and Table 1
respectively, the OCCS(w,®) have highest
entropy values anB-values of randomness.

0

0 B B © aéBo om
0 B B 0w afBw op
(o) B B 0oL &é @Dav 0¢
WhereO , 0, andO areentropesof & ,®

, andotu sequence respectively

invincible when the number of occurring
mismatch in initial conditions and parameters are
exceeedd e.g, at SNR=25 dB and no
mismatching case thé OY 1 pm while
the security boosted gradually with mismatching
casezw TN TAMdo OY T pm andso
on the security be more durabilitySuch
spreading sequenceOCCS w has obscure
characteristics danot exist in other spreading
seaqlences and provide the system with
confidential security.
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Table 1 P-values Randomness of OCCGSOVSF, and Logistic Map.

Tests P-value

OCCS eog OCCS§ ¢ OCCS§ 6 OVSF Logistic MAP
Frequency (Monobit) 0.9597 0.7893 0.4958 0.2501 0.4113
Frequency(Block) 0.8946 0.5638 0.3551 0.1403 0.3121
Run Test 0.9531 0.6301 0.5761 0.1061 0.1937
Cumulative Sums (Forward) 0.9771 0.7133 0.4670 0.3431 0.2979
Discrete Fourier Transform 0.8797 0.7350 0.6310 0.0000 0.2341
Linear Complexity test 0.9710 0.8790 0.6961 0.0000 0.0000
Approximate Entropy Test 0.9119 0.7991 0.6931 0.3573 0.2731

OO Sem
S (Mo s matc g
- l-’\AIHMIunHlLlllrlu}

[ax, ., Ay HMlarmaiching)
l-'\a._..'\ 'r_.-’\:vllzh"ll- imatcinling)

I .‘.r.:.:_ . ¥ar .':\J___l Suiw fliMHmmarching)

[ Ay, O] S, B MEs rsaie P

lam Ay, Ar_f oS gl HMismate hisg)

Figure 10: Security levels of DS/ISE€DMA basedonF OCCSE _ S (x 7_k) i n Rayl eigh

10. Simulation parameters

An entire simulation scheme for proposed11.Simulation Results

OCCS w basedDS/SSCDMA system exhibited Figure 11 comparesBE RO s perfor manc
in  Figure 3 has been applie using proposedoCCs @ M MiHU basedDS/SSCDMA
Matlab/Simulink  program (Ver:8.5.0.197613 system with various spreading sequences for
R2015a). In same way, another diagram for single user transmission in Rayleigh channel. It is
OVSF, Logistic Ma@D Chuassequenceéx,y,z)  clear that BER's performances of proposed
generated by GraiBchmidt basedS simulation  occs who and Logistc Map based on
ISSCDMA  system with similar simulation ROMA scheme excepi! outperform traditioal
parameters has been also applied for the aim ahvSE and their counterpart§CCs o fo fiHu
performances comparison. In all simulation gnd Logistic Map which are regenerated by
outputs, the simulation's parameters are chosegrthonormal GranBchmidt process. In the other
accordng to Table2. word, at BER of 10, the proposed
occs » ho can achieve SNR gains of 5 dB and

Table(2):Simulation Parameters c _ ! °
1.5 dB over traditional OVSF in Rayleigh fading

Spreading
time duration symbol
(T9,
Time duration chaotic
sample ().

b=128, T=6.4 msec.,
T.=50.2083x10 psec.

Coefficients Multipath
Rayleigh channels

Time Delayst, , z )

Chua's parameters at

certain chaotic initial
condition

Number of users(N)

P
1 1 1 -
r
r4 3TC1 Z GTC'
a=-1.37067, b=
0.732101,

j =10, 6=18.
27=6.778%F16
(Xo= Yo= 2p=0.0884)
N=1,4,8,12,16,20,32

channels respectively. Thisimulation results
confirm the theoretical results obtained by
Eq.@8) that theOCCS w hd based on ROMA
scheme have best MF (Higher agwmrelation
coefficients) than traditional OVSF and
sequences based on Gr&thmidt process.
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Figure 11: The single user BERperformances of OCCSbasedDS/SSCDMA in Rayleigh channel.

Figure 12 shows BER's performances for-@er
transmission in Rayleigh channel.

Here, onlycrosscorrelation

Logistic Map have best Whdex factor (lowest
coefficients)

than  other

OCCS w based on ROMA scheme exceeds allsequencedrigure13 compares the exact BERBf
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7. Conclusions
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