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ABSTRACT 

Most existing work on adaptive allocation of sub-transporters and power in multiuser orthogonal 

frequency division multiplexing (OFDM) frameworks has concentrated on homogeneous activity 

comprising exclusively of either delay-compelled information (ensured benefit) or non-delay-obliged 

information (best-exertion benefit). In this paper, we examine the asset allocation issue in a 

heterogeneous multiuser OFDM framework with both deferral compelled (DC) and non-delay-

obliged (NDC) movement. In this paper, we explore the adaptive asset allocation issue in multiuser 

multihop OFDM frameworks. As-suming that base station (BS) knows all channel data, we plan limit 

amplification issue (CMP) and reasonableness compelled limit expansion issue (FCMP) for adaptive 

asset allocation. The CMP considers joint sub-channel, power and way allocation issue for 

augmenting the framework limit, while the FCMP thinks about a similar issue with ensuring a base 

number of sub-channels for every client. The proposed enhancement issues are profitable, in light of 

the fact that BS can apportion the sub-channel, control and steering way to MSs by taking care of one 

improvement issue. Since these optimizations ought to be performed continuously, we propose two 

proficient heuristic algorithms, one of which considers CMP and alternate thinks about FCMP. In the 

heuristic algorithms, we isolate the enhancement issue into three stages, in particular sub-channel 

allocation, load balancing, and power circulation to lessen computational complexity. The proposed 

heuristic algorithms are basic in that the iterative calculations are evacuated and exact in that two 

heuristic algorithms accomplish a comparative execution contrasted and ideal solution. 

I. INTRODUCTION 

In multiuser OFDM systems, the frequency 

band are partitioned into an extensive number 

of little groups called subcarriers those 

utilization particular frequencies in order to be 

totally orthogonal to each other. In without fail 

opening, every client is appointed a disjoint 

arrangement of subcarriers crosswise over 

which the client may spread data for 

transmission purposes. On account of its  

 

ability of abusing multi-way blurring and 

spatial/fleeting/client decent variety to 

enhance execution, OFDM has turned into the 

physical layer transmission plan of decision 

embraced by fourth era wireless networks, e.g. 

cellular networks, broadband LANs, to give 

fast mobile wireless data services. 

MULTIHOP cellular networks made out of a 

base station (BS) and a few hand-off hubs 
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were created to help a fast data 

correspondence in the cutting edge 

correspondence systems [1]. The multihop 

transferring diminishes the flag weakening 

amongst BS and mobile station (MS) by 

separating one long way to a few short ways 

and offering elective ways to MS situated in 

the shadow zone. Along these lines, transfer 

hubs increment the system limit or augment 

the service region with a similar number of BS 

in ordinary cellular networks. They considered 

the impact of multihop handing-off in 

downstream channel of cellular networks. 

They demonstrated that two-and three-jump 

transferring plan accomplishes the greater part 

of the throughput pick up of multihop 

handing-off and that multihop handing-off 

additionally enhances the reasonableness.  

The single transporter rapid data transmission 

increments entomb symbol impedance (ISI) 

since it lessens the symbol time frame to 

beneath channel intelligence time. Numerous 

systems, for example, leveling, channel 

expectation and multi-tone trans-mission plot, 

were proposed to battle the ISI. OFDM is 

additionally a feasible contender for this issue. 

It separates accessible bandwidth into various 

sub-channels and transmits covering advanced 

flag in parallel. Expanding the quantity of 

parallel transmission channels decreases the 

data rate of each sub-channel and extends the 

symbol time frame. To be specific, the 

postpone spread of got flag is stifled to the 

incentive inside symbol time [2].  

In the single client OFDM system, the water-

filling calculation is the ideal power allocation 

solution to expand the aggregate throughput. 

Nonetheless, numerous sub-channels which 

encounter profound blurs are not utilized as a 

part of the single client OFDM system since 

they are not control productive on account of 

conveying any data. Through adaptive asset 

allocation, multiuser OFDM system takes care 

of the issue and builds otherworldly and 

control proficiency. To amplify the pickup of 

multiuser decent variety, numerous adaptive 

sub-channel and power allocation were 

proposed in the single bounce multiuser 

OFDM systems. To limit the aggregate 

transmit power, Cheong and Cheng proposed a 

multiuser OFDM subcarrier, bit, and power 

allocation calculation. Jiho Jang demonstrated 

that the system limit is expanded when BS 

doles out sub-channel to the client who has the 

best channel pick up and appropriates control 

by water-filling calculation. They additionally 

demonstrated that equivalent power allocation 

has nearly a similar execution contrasted with 

water-filling calculation in multiuser OFDM 

systems. They considered decency mindful 

adaptive asset allocation in single jump 

OFDM system. Rhee and Cioffi considered 

max-min reasonableness issue and Zukang 

Shen forced relative decency limitations to 

guarantee that every client can accomplish a 

required data rate [3].  

In this paper, we consider the asset allocation 

issue in multiuser multihop OFDM systems. 

To the extent we know, there are no papers 

considering ideal asset allocation calculation 

in multiuser multihop OFDM systems. We 

figure limit expansion issue and 

reasonableness obliged limit boost issue for 

adaptive asset allocation and demonstrate that 

the joint sub-channel, power and way 

allocation is basic condition to augment 

system limit in multihop OFDM system [4]. 

Since this streamlining ought to be performed 

continuously, we likewise propose an effective 

heuristic calculation which isolates the 

advancement issue into three stages, in 

particular sub-channel allocation, load 

balancing, and power circulation.  

In the following area, we depict multiuser 

multihop OFDM system model and figure 

advancement issues. In area III, we determine 
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loose enhancement issues and demonstrate to 

fathom them. We propose a sub ideal way, 

sub-channel and power allocation technique in 

segment IV. In area V, we depict recreation 

results and think about the execution of ideal 

solution, heuristic calculation and static asset 

allocation as far as ghostly productivity and 

decency file. At long last, we make 

conclusions in segment VI. 

II. SYSTEM MODEL AND PROBLEM 

FORMULATION 

The structure of our multiuser multihop 

OFDM system is appeared in Fig. 1. BS and 

transfer hub are associated through wired line 

or they utilize other radio frequency groups 

which don't cover with the subcarrier 

frequency groups of system, so 

correspondences amongst BS and hand-off 

hub don't meddle with client flag. We expect 

that BS knows the whole channel data of a part 

through channel quality index (CQI) detailing 

of MS and knows the aggregate transmission 

energy of each transfer hub [5]. BS performs 

proposed way, sub-channel and power 

allocation algorithms and advances the 

outcome to the transfer hubs and MS through a 

control channel. In light of that outcome, BS 

and transfer hub transmit client data through 

apportioned sub-channel and MS chooses 

which sub-channels convey substantial data. 

We model the multiuser multihop OFDM 

system as an arrangement of K clients, N sub-

channels and L OFDM handsets. The 

aggregate bandwidth and AWGN (Additive 

White Gaussian Noise) phantom thickness are 

B and No. What's more, each sub-channel 

encounters autonomous frequency level 

Rayleigh blurring for every client [6]. For the 

detailing of improvement issue, we list a few 

documentations utilized all through the paper. 

• ρk,n,l is the amount of nth sub-channel 

usage for user k through lth path. It can be 

the value of either 0 or 1. 

• pk,n,l is the allocated power to the lth path 

of user k in sub-channel n. 

• hk,n,l is the channel gain for lth path of user 

k in sub-channel n. 

• Ptot
l
 is the total transmission power of lth 

OFDM transceiver. 

The kth user data rate through nth sub-channel 

and lth path can be written as 

𝑅𝑘,𝑛,𝑙 =
𝐵𝜌𝑘,𝑛,1

𝑁
𝑙𝑜𝑔

2 1 
𝑃𝑘 ,𝑛 ,𝑙 ⎢𝑕𝑘,𝑛 ,𝑙⎢2

𝑁𝑜
𝐵
𝑁

 

 

Numerically, limit amplification streamlining issue can be planned as 

max    𝑅𝑘 ,𝑛,𝑙
𝐿
𝑙=𝑙

𝑁
𝑛=1

𝐾
𝑘=1  

Subject to      𝜌𝑘,𝑛,𝑙 = 1 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑛 𝐿
𝑙=1

𝐾
𝑘=1  

𝜌𝑘,𝑛,𝑙  Є  0,1 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑘, 𝑛, 𝑙 

  𝜌𝑘,𝑛,𝑙
𝑁
𝑛=1

𝐾
𝑘=1 ≤  𝑃𝑡𝑜𝑡

𝑙   for all l 

𝜌𝑘,𝑛,𝑙 ≥ 0  for all k,n,l 
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The first and second limitations imply that a 

sub-channel is utilized by just a single way of 

a client, so the transmitted flags on that sub-

channel don't make any obstruction with 

different client’s flag. The aggregate transmit 

energy of BS and hand-off node is restricted 

by the third and forward limitations [7]. In 

view of the issue (2), we additionally define a 

reasonableness compelled advancement issue 

which ensures least number of sub-channels 

for every client. The adjusted decency obliged 

improvement can be figured as 

Max    𝑅𝑘 ,𝑛,𝑙
𝐿
𝑙=𝑙

𝑁
𝑛=1

𝐾
𝑘=1  

Subject to      𝜌𝑘,𝑛,𝑙 = 1 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑛 𝐿
𝑙=1

𝐾
𝑘=1  

  𝜌𝑘,𝑛,𝑙
𝑁
𝑛=1

𝐾
𝑘=1 ≥ ά 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑘    

𝜌𝑘,𝑛,𝑙  Є  0,1 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑘, 𝑛, 𝑙 

  𝜌𝑘,𝑛,𝑙
𝑁
𝑛=1

𝐾
𝑘=1 ≤  𝑃𝑡𝑜𝑡

𝑙   For all l 

𝜌𝑘,𝑛,𝑙 ≥ 0  For all k, n, l 

Where α implies the base number of sub-

channels which ought to be allocated to every 

client. It is a whole number an incentive in the 

vicinity of zero and KN and flexible incentive 

as indicated by systems. From our 

reproduction result, we can see that as α 

approaches KN, the reasonableness index 

additionally increments [8]. At the point when 

α is zero, the issue (3) turns out to be precisely 

the same as issue (2). In spite of the fact that 

our reasonableness obliged advancement issue 

ensures least number of sub-channels, it 

doesn't ensure the required data rate. In this 

way, it is the best exertion plot for the 

reasonableness. We can locate the ideal asset 

allocation conspire by taking care of the issue 

(2) and (3). In the following segment, we 

depict a few systems to get these ideal 

solutions. 

III. RELAXED OPTIMIZATION 

PROBLEM 

The proposed advancement issue (2) and (3) 

are blended whole number nonlinear issue 

which is a standout amongst the most 

troublesome issues to understand with known 

streamlining solvers. To make a tractable 

issue, we unwind the number imperatives of 

ρk,n,l . In light of the strategy utilized, we 

change the condition (1) into 

𝑅`𝑘 ,𝑛,𝑙 =
𝐵𝜌𝑘,𝑛,𝑙

𝑁
𝑙𝑜𝑔2  1 +

𝑝
𝑘,𝑛,𝑙  𝑕𝑘,𝑛 ,𝑙 

2  

𝜌𝑘,𝑛,𝑙𝑁𝑜
𝐵
𝑁

  

The first expansion issue is changed over into 

a minimization issue and ρk,n,l isn't allowed to 

be zero. Numerically, we adjust the issue (2) 

as the convexity of the question capacity can 

be demonstrated through a similar strategy 

appeared [9]. The unwinding of number 

obliges implies that the changed issue permits 

sub-channel sharing. Along these lines, the 

ideal solution of issue (5) is the upper bound 

of issue (2). 



Airo International Research Journal                                         

Volume XII, ISSN: 2320-3714 
August, 2017                                                                                                         
Impact Factor 0.75 to 3.19  UGC Approval Number 63012 
 

 

Figure 1: Block diagram of multiuser multihop OFDM system 

They demonstrated that the data rate of a 

particular sub-channel in multiuser OFDM 

system is amplified when BS appoints a sub-

channel to just a single client who has the best 

channel pick up for that sub-channel [10]. 

Consequently, the unwinding number 

requirements of ρk,n,l does not change the 

ideal solution in single bounce multiuser 

OFDM systems. Be that as it may, we can't 

adjust this outcome to our concern. Regardless 

of whether the channel pick up of BS to MS 

way is somewhat higher than that of hand-off 

node to MS way, BS ought to appoint some 

sub-channels to transfer node so as to use the 

transmission energy of hand-off node. At the 

end of the day, we ought to consider the load 

balancing amongst BS and transfer nodes, on 

the grounds that the issue (5) has numerous 

power sources. The question work isn't 

characterized when ρk,n,l = 0, so we expel it 

from the limitation set. The reasonableness 

compelled optimization issue (3) can likewise 

be changed into nonlinear-real optimization 

issue by utilizing a similar way. In spite of the 

fact that these optimization issues can be 

illuminated by MINOS created by SOL, it sets 

aside an excess of opportunity to get an 

outcome. In the following segment, we 

determine a low complexity and quick 

heuristic calculation to perform in real time. 

IV. SUBOPTIMAL ALGORITHM 

In the multiuser multihop OFDM system, MS 

can use elective ways and power sources 

through multihop transferring. Along these 

lines, we ought to think about the way 

determination and load balancing issue in 

multihop multiuser OFDM system. To 

diminish the computational complex of issue 

(5), we build up a suboptimal calculation by 

separating it into three stages: sub-channel 

allocation, load balancing and power 

appropriation step. In the sub-channel 

allocation step, BS allots a sub-channel to the 

client which has the best channel pick up for 

that sub-channel. The standard of sub-channel 

allocation step is to amplify the use of clients' 

ways which has high channel picks up. In load 

balancing step, BS circulates the offered load 

to BS and hand-off node as similarly as could 

reasonably be expected. By expecting that the 

offered load is proportionate to the quantity of 

sub-channels upheld by that station and that 

each station utilizes a similar aggregate 

transmission control (pltot=constant, for all l), 

we attempt for BS and transfer node to utilize 
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nearly a similar number of sub-channel for 

data transmission [11]. At the point when the 

sub-channel allocation and load balancing 

steps are done, BS and hand-off node ought to 

choose the power level for each sub-channel. 

The data rate expansion issue for a given 

arrangement of parallel sub-channel, subject to 

a vitality imperative, can be composed as  

𝑚𝑎𝑥

𝑝𝑛
     𝑙𝑜𝑔2

𝑁`

𝑛=1

 1 +
𝑝𝑛  𝑕𝑛   

2

𝑁𝑜
𝐵`
𝑁`

  

The problem (6) is maximized when 

𝑝𝑛 +
𝑁𝑜

𝐵`
𝑁`

𝑕𝑛
2 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

This is called water-filling. In multiuser 

multihop OFDM system, the channel pick up 

hn does not shift quickly as indicated by n and 

is sufficiently high on account of multiuser 

decent variety and multihop handing-off pick 

up. It infers that the impact of No B N h2 n 

term is irrelevant in condition (7). In this way, 

we can expect that the equivalent power 

allocation (pn = steady) calculation which was 

presented will demonstrate nearly an 

indistinguishable execution from water-filling 

in multihop OFDM system. Our ability 

amplification heuristic algorithm can be 

depicted as following 

Initialization: 

𝑋 =  1, 2, … . , 𝐾 , 𝑌 =  1, 2, … . , 𝑁 , 𝑍 =  1, 2, … 𝐿 , 

𝐶𝑘 = 𝜙 𝑎𝑛𝑑 𝑀𝑙 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑘𝜖𝑋 𝑎𝑛𝑑 𝑙 𝜖 𝑍 

Sub-channel Allocation: 

For y = 1 to N begin 

• find (k, y,l) that satisfies |hk,y,l|≥|hx,y,z| for all x ∈ X and z ∈ Z 

• let Ck = Ck ∪ {(y,l)} and Ml = Ml + 1 

End 

Load balancing: 

for all z ∈ Z 

While |Mj − Mi| > begin 

• find k and n that satisfy 

|
h
k,n,j | − |

h
k,n,i| ≤ |

h
x,y,j | − |

h
x,y,i|

,
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Where (n, j) ∈ Ck  and (y, j) ∈ Cx 

• if |hk,n,j | − |hk,n,i| > δ, then go to power distribution step 

• Ck = Ck − {(n, j)} + {(n, i)}, Mi = Mi + 1 and Mj = Mj − 1 

• find i and j that satisfy Mi ≤ Mz and Mj ≥ Mz for all z ∈ Z 

End 

Power distribution: 

𝑝𝑘,𝑛,𝑙 = {
𝑃𝑡𝑜𝑡

𝑙

𝑀𝑙
, 𝑖𝑓 (𝑛, 𝑙)𝜖𝐶𝑘  

, Otherwise 

Where δ are system subordinate load 

balancing parameter. X, Y and Z are the 

arrangement of clients, sub-channels and 

OFDM handsets individually. Likewise, Ck is 

the arrangement of sub-channels which is 

utilized by client k, and Ml demonstrates the 

quantity of sub-channels serviced by lth 

OFDM handset. BS stops the load balancing 

algorithm when the distinction in the quantity 

of designated sub-channels for each OFDM 

handset is not exactly. Besides, BS 

additionally stops it, when the distinction of 

channel pick up in ways for chose sub-

channels is bigger than δ. along these lines, we 

can control the quantity of emphasis in load 

balancing advance by altering δ [12].  

We can get the heuristic algorithm of 

reasonableness obliged limit amplification 

issue through a slight adjustment in the sub-

channel allocation step proposed previously. 

BS should ensure the base number of sub-

channels (α) for every client. To start with, we 

allot α sub-channel to every client's way which 

has the best channel pick up and circulate the 

rest of the sub-channels to amplify the system 

limit. The changed sub-channel allocation step 

can be portrayed as 

Modified Sub-channel Allocation: 

While X = φ begin 

• find (k, n, l) that satisfies 

|hk,n,l| ≥ |hx,y,z | for x ∈ X, y ∈ Y  and z ∈ Z 

• Ck  = Ck ∪ {(n, l)}, Y = Y − {n} and 

Ml = Ml + 1 

• if |Ck | ≥ α then X = X − {k} 
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end 

Reset X = {1, 2, · · · , K} 

While Y = φ begin 

• find (k, n, l) satisfies |hk,n,l | ≥ |hx,y,z | for all x ∈ X, y ∈ Y and z ∈ Z 

• let Ck  = Ck ∪ {(n, l)}, Y = Y − {n} and 

Ml = Ml + 1 

End. 

Where |Ck | speaks to the quantity of 

components of Ck. The load balancing and 

power dispersion steps are not changed, on the 

grounds that they don't influence on the 

quantity of sub-channels relegated to every 

client. The load balancing step just changes 

flag ways, and power conveyance step is free 

of sub-channel allocation. The complexity of 

these algorithms is relatively irrelevant 

contrasted and the complexity of finding 

worldwide ideal solution of issue (2) and (3). 

V. SIMULATION RESULTS 

In this area, we show and contrast the 

execution of proposed algorithm and that of 

other asset allocation strategies regarding 

otherworldly productivity (bit/H z/Sec) and 

decency index through changing the normal 

SNR and the quantity of clients. Without the 

loss of simplification, we concentrate just on 

one part of a cell where K clients utilize N 

sub-channels through L ways. BS and transfer 

nodes have a similar aggregate transmission 

control (Ptot
l
 = constant, for all l), furthermore, 

every client's sub-channel encounters 6-way 

frequency level autonomous Rayleigh blurring 

from each OFDM handset. Normal SNR of lth 

station is characterized as 
P
 

·E[|hk
 

,n,l|2]
  for all k 

and n. We discover the ideal solution through 

MINOS solver created by SOL. 

It requires excessively investment to locate the 

ideal solution of issue (2) and (3) by PC 

simulation. Along these lines, we utilize two 

simulation situations, one of which is little 

scale simulation situation utilized for 

contrasting the ideal solution and the 

suboptimal solutions and the other is a huge 

scale simulation situation utilized for 

demonstrating the multiuser assorted variety 

pick up of suboptimal algorithms.  

 Small scale simulation situation: We 

model the multiuser multihop OFDM 

system as an arrangement of K = 5 

clients, N = 32 sub-channels, L = 2 

OFDM handset, B = 1M H z add up to 

bandwidth and normal SN R = 6 ∼ 

20dB.  

 Large scale simulation situation: We 

pick the system parameters as K = 1 ∼ 

25, N = 256, L = 2, B = 10M H z and 

normal SN R = 10dB.  

Fig. 2 and Fig. 3 are recreated in little scale 

simulation situation and Fig. 4 is reproduced 

in expansive scale simulation situation. The 

diagram marks OPT, HEU, MAX, FAIR, LB, 

NLB and ST-FDMA mean ideal solution, 

heuristic solution, limit augmentation issue, 

decency obliged limit expansion issue, load 

balancing, no load balancing and static 
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FDMA, individually. Along these lines, HEU-

MAX-NLB speaks to heuristic solution of 

limit expansion issue without the load 

balancing step. The static FDMA method 

implies that equivalent number of sub-

channels is allotted to every client, and the 

power is circulated similarly to all sub-

channels.  

Fig. 2 demonstrates the phantom efficiency of 

ideal solution, heuristic algorithm and static 

FDMA strategy as indicated by changing 

normal SNR. In this figure, we can see that the 

otherworldly efficiency of all plans increments 

as SNR increments. As a result of multihop 

handing-off and multiuser assorted variety, the 

SNR of chose sub-channels is substantially 

higher than the normal SNR. Along these 

lines, the limit of proposed plot is significantly 

higher than Shannon limit if there should arise 

an occurrence of normal SNR. Since static 

FDMA plot does not accomplish multiuser 

assorted variety pick up, proposed heuristic 

algorithms beat the static FDMA plan and 

show comparative execution to ideal solution. 

The load balancing step builds the ghastly 

efficiency regardless of whether the little scale 

simulation is utilized. We depict the 

consequence of decency obliged issue in Fig. 2 

and 3. To look at the measure of decency, we 

utilize Jain's reasonableness index 

characterized 

𝐹 =
( 𝑟𝑘)2𝐾

𝑘=1

𝐾  𝑟𝑘
𝐾
𝑘=1

 

Where rk implies the throughput of user k 

 

Figure 2: Spectral efficiency versus average SNR, (K=5, N=32, L=2) 
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Figure 3: Fairness index versus average SNR, (K=5, N=32, L=2, α = 5) 

 

Figure 4: Spectral efficiency versus number of users, (SNR=10dB, N=256, L=2, α = 5, 10) 

On the off chance that all rk are not negative, 

the decency index is in the vicinity of 0 and 1. 

F = 1 implies the throughput of all clients is 

the same. At the point when just a single client 

transmits data and all other client's throughput 

is 0, the estimation of reasonableness index is 

K1. Reasonableness obliged ideal solution and 

their heuristic algorithms likewise beat the 

static FDMA plan and increment the decency 

index by 173% with little degradation (6.32%) 

of ghostly efficiency. As a result of the 

transfer nodes, the way loss of every client 

does not vary by a critical sum. Along these 

lines, the static OFDM conspire demonstrates 

nearly a similar reasonableness result as max-

min technique. In Fig. 4, we demonstrate the 

ghastly efficiency of limit amplification 

heuristic plans increments as the quantity of 
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client expands on account of multiuser 

assorted variety. At the point when the 

quantity of client increments past of particular 

focuses, the unearthly efficiency of decency 

obliged heuristic plan diminishes, on the 

grounds that it ought to allot an excessive 

number of sub-channels to the clients who 

have terrible channel pick up. Fig. 4 likewise 

demonstrates that multiuser assorted variety 

pick up of static FDMA plot is immaterial 

contrasted and different plans. 

VI. CONCLUSIONS 

This paper presents two ideal asset allocation 

plans and their heuristic algorithms, one of 

which considers a limit expansion issue and 

alternate considers a decency compelled limit 

augmentation issue in multi-client multihop 

OFDM systems. This investigation shows that 

the joint adaptive sub-channel, power and way 

allocation is fundamental condition to expand 

system limit in multihop OFDM system. In 

suboptimal heuristic algorithm, we consider 

sub-channel allocation, load balancing, and 

power conveyance independently. The 

simulation comes about demonstrate that the 

execution of proposed limit augmentation 

heuristic algorithm is nearly the same as that 

of ideal solution and it is by 23% better 

contrasted and non-adaptive FDMA asset al-

area plot. In the simulation situation, the 

decency obliged heuristic algorithm increment 

the reasonableness index by 173% with little 

limit corruption (6.32%). 
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