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Abstract—Lattice reduction (LR) techniques are developed to 

improve the performance of multiple-input multiple-output 

(MIMO) digital communication system. In cryptographic 

methods the lattice problems are high that is the problem of 

finding short basis is more. This type of reduction problem have 

a great impact on many areas of technology mainly in modern 

cryptanalysis. 

 In this paper analysis of various LR technique were carried 

out  based on its speed on the basis of number of operations 

during the  reduction process and also we analyze the path 

detection of  information to be transmitted based on reduced 

lattice points. 

Keywords— Lattice reduction; size reduction; gram schmidt 

orthogonalization; babai point; lenstra lenstra lovasz; schnoor-

euchner. 

I.  INTRODUCTION  

      Lattice reduction (LR) has been proposed in the context 

of multiple input multiple output (MIMO) systems as a 

means of improving the performance of sub-optimal detectors 

[9]. This is achieved by pre-processing followed in MIMO 

channel by an LR algorithm [3], which transforms the 

channel into a more orthogonal form. The lattice reduction 

[14] has been successfully used in signal processing 

applications for global positioning system (GPS), frequency 

estimation, particularly data detection and pre-coding in 

wireless communication systems. Beyond mathematics , 

lattice have various diverse applications such as 

cryptography, coding theory and so on. It is also used to 

develop highly realistic  source and channel codes for various 

communication applications, specifically in multiple 

terminals.       

      This paper is on the basis of analyzing various lattice 

reduction algorithms Lenstra [15] and Schnoor-Euchner with 

its speed and path detection of the information to be 

transmitted with-respect to the number of operations and the 

reduced lattice points respectively [16]. 

II. ALGORITHMS BASED ON LATTICE REDUCTION 

A. Lenstra Lenstra Lovasz (LLL) algorithm 

      In a basis-reduction algorithm, the so called LLL basis 

reduction [2] is introduced which results in relatively short 

basis vectors with a polynomial-time computational 

complexity. A multiple-antenna system with M transmit 

antennas and N receive antennas NM  were considered, 

where different transmit antennas is denoted as different 

users. 

Considering the vectors, 
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to be the transmitted, the noise vector and the channel matrix 

respectively. The channel model is described by the 

following equation                               

                                (4)WHXY                                     

   

      The channel is considered to be Rayleigh and the noise is 

Gaussian that is the elements of H are independent and 

identically distributed with the zero-mean unit-variance 

complex Gaussian distribution [4]. The following were the 

steps involved in LLL algorithm 

 

 Gram Schmidt Orthogonalization (GSO) 

 Size-reduction 

 Swapping & updating GSO       
    

Gram Schmidt Orthogonalization (GSO)  : 

    The orthogonalization is done by using the following 

equation 
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mm,1,2,.....,i  is number of column vectors. 
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Size- reduction  : 

      The size-reduction that is in order to reduce the elements 

of the channel matrix the following equation were taken into 

account 
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Swapping & updating GSO: 

      Swapping the current size reduced vectors and updating 

GSO using orthogonalization process. 

 

B. Complex Lenstra Lenstra Lovasz (CLLL) algorithm 

      The average overall complexity of the complex LLL 

(CLLL) algorithm is almost half of the real LLL (RLLL) 

algorithm. In lattice-reduction decoding the CLLL achieve 

full diversity as that of RLLL. Whereas the bit-error-rate 

(BER) performance of both the reduced basis with the help of 

CLLL and RLLL in MIMO detection schemes contribute to 

be in similar manner. Compare to RLLL, the CLLL compute 

less complexity because of the avoidance of doubling the 

channel matrix dimension. Thus, it can reduce the complexity 

of other parts of the MIMO detector also. By considering the 

received Symbol vector Y , complex baseband equivalent 

model can be expressed as 

                                               

(8)  VHSY                           
 

H  is a flat fading channel matrix, S  is a complex transmit 

signal vector of TN dimensional, V is a Complex Gaussian 

noise vector of RN dimensional. 

(9)  QRH                                     

QH,  is TNRN  dimensional 

R is TNTN  dimensional. 

 The following were the steps involved in CLLL algorithm 

 

 GSO: A modified orthogonalization is followed 

compare to LLL. 

 Size reduction: Similar to the reduction method used 

in LLL . 

 Basis vector swapping: Initially as in LLL , here also 

the  basis vectors were swapped. The idea is that, 

after swapping, size reduction can be repeated to 

make basis vectors shorter. 

The performance  of  CLLL is improved from that of LLL 

because of the use of following conditions. 

    

1)  The condition of size reduction is stronger if  

0.5
2

ij
μ   resulting in fewer size reduction      

computations. 

2)  The algorithm checks if   0.5
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before doing size-reduction.  

The check will avoid unnecessary operations, thus the 

computational complexity is reduced with increase in speed 

of the algorithmic computations.     

 

C.  Schnoor-Euchner (SE) algorithm 

     The Schnorr-Euchner algorithm [10] was used in 

cryptography applications and also mainly in sphere decoding 

[11]. This algorithm has the same principle as the Viterbo-

Boutrous (VB), which is used for the closest point search 

[13]. It is based on the following two stages.  

 The first stage consists of finding the “Babai point” 

(BP), which is not similar to that of closest point. 

This point derive bounding error.  

  In the second stage, modification of the BP is 

repeated until the closest point [12] is found. If the 

BP is very far from the closest point, then the 

signal to noise ratio (SNR) is low which makes the 

algorithm to take more time to converge. 

However, if the BP is close to the closest point, 

then the SNR is high which makes the algorithm to 

converge in less time.  

 

D.  Schnoor-Euchner Adaptive Search Radius Algorithm 

      It is similar to that of SEA, where node without children 

were also applicable and the next siblings is analysed by 

boundary control. By stacking complex to real conversion is  

done before Schnoor-Euchner Adaptive LAST (SEAL) 

sphere algorithm.  

III. ANALYSIS OF ALGORITHM IN MATLAB 

Analysis of LLL and SE algorithm were carried out using 
matlab simulation tool. The following simulation results were 
done . 

A. Realization of Lenstra algorithm based on lattice 

reduction 

     Considering a two dimensional square matrix,      
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   Fig. 1.  shows the elements of the channel matrix row wise  

indicating, 
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:,1A  the first column vector of  A matrix and 
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2
:,2A  the second column vector of A matrix. 

The number of vectors will vary according to the  matrix 

dimension. 

 
Fig. 1.  Elements of the channel matrix before lattice reduction. 

                                                                                                                                                                                                                                                                                 

 
Fig. 2. Elements of the channel matrix after  lattice reduction. 

 

       Fig. 2. shows representation of  less complexity based  

reduced form of channel matrix due to lattice reduction in 

Euclidian space. Thus as the elements value reduction will be 

directly proportional to the orthogonality too.   

 

B. Realization of Schnoor-Euchner algorithm for path 

detection of the information based on lattice points  

 

       In  Fig.3. 

• The closest lattice point is identified based on the 

weight of each point which is denoted as node. 

•  If the weight of the node is less than the distance 

between the current and the nearest lattice point. 

This distance threshold is initially set to infinity. 

•    If the weight of the node under is larger than the 

distance threshold, the current search path is 

terminated since it cannot lead to a closest lattice 

point. 

 
Fig. 3.Path with-respect to lattice points 

 

 
Fig. 4.Weight with-respect to each lattice points 

 

      In Fig. 4.the weight of the lattice points is represented in 

such a way that the previous lattice point weight must be 

lesser the current lattice point weight. 

IV. CONCLUSION 

      In this paper analysis of various algorithm based on 

lattice-reduction were carried out. LLL algorithm makes 

more number of operations in complex channel rather than 

real channel because of the absence of complexity due to 

imaginary part. Whereas the number of operations is reduced 

for both complex and real channel in CLLL algorithm due to 

the conditions followed in size reduction based on the mean 

square value.  

      For path detection with respect to lattice points analysis 

of schnoor-euchner algorithm was carried out, where real 

channel can be applicable in SEAL and complex channel for 

SEA. Using Schnoor the path of the information where the 

effect of external disturbance is maintained to be less in 

impact is analysed with the help of the lattice points and the 

lattice points were considered to be identified such that their 

weight must be in descending order from its initial lattice 

point. 
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