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Abstract

W       W L A N -
   G  (GWLAN), ..    
    -        
   -  . T     -
          , 
           
      ,    
   , ..  R G W L A N
P (RGWLAN),         .
S         RGWLAN, .. 
        Γ-R , 
    M R . T   -
      - ,    
   -,    ,   
          ,   
    . T        -
  ,       
.

T          
   RGWLAN          
   . A,       
           . T
            , ..
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           ,   
         .

Keywords: G W L A N, U P U,
R O, M R O, M.

1. Introduction

I  ,       -
    ,      
          
   . I , I     
             
W L A N (WLAN). A WLAN     
             (..,
 ,  ,  )     I. S,  
     A P (AP)     
   U T (UT),    W-F . C 
 , WLAN       ,   
 ,       ,    
            -
. H, WLAN     ,   
   :     ,  
        ,   
      . T    
           . A  
  WLAN  :      
, WLAN       AP , ,  
-  . T           
        . F ,
     WLAN,    D  . (2015)  ,
       AP     
  ,    591%         
   .

T           
,       R GW L A N-
 P (RGWLAN). T ,      
G  . (2016),        
WLAN  -       AP   
UT  - AP,       -
      UT  AP. I    GWLAN,
 ,           
           
       . W     -
       WLAN,    

2



  ,           . W 
   B  . (2012), L  . (2011)  W  . (2012) 
         -
   . O   ,     
   WLAN       .
S,  R O (RO)     
   RGWLAN , ..       -
          WLAN.T 
      G  . (2016)   
 Γ-R  B  S (B  . (2011),B
 S (2004)). T,         
          
  ,      ,       -
     . T   ,   
,  M R O (MRO)  (B̈
 D’A (2012), B  . (2014)),   
  D’A  . (2018). W   G  .
(2016), MRO        ,  
 Γ-R          -
. W     MRO    B̈ 
D’A (2012),         
    ,      MRO.

1.1. Paper contribution

T     ,     G  .
(2016)  D’A  . (2018)       
  RGWLAN. A  ,   
   ,        
         UT-AP  . D
      RGWLAN,   NP-H, 
            -
. T,           G
 . (2016)  D’A  . (2018)    -
 ,      -
,  matheuristics,  RGWLAN,       
   ,      
 .

S,         
   D’A  . (2018)  G  . (2016)
     :

1.   powering-on heuristic,    AP  -
,     -    ;  
     ,     ,
        
    ;
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2.  reallocation algorithm,    UT  AP   
   ;     ,    -
 ,         
      ,    
   .

T          .

• W       MRO    B̈
 D’A (2012)       
     .

• W      RGWLAN     
  D’A  . (2018)  G  . (2016) 
  ,       
 .

• W          
      . W  ,  
UT  AP   ,     M R
O          
,          . W 
UT  AP  , ,     :
       Γ-R     
,          .

R   , S 2     
. TGWLAN , ..        -
,    S 3     , 
  ,   RGWLAN,    S 4  
    . S 5   -
    . S 6   
   GWLAN        -
     W-F . S 7   
   ,     
 ,  S 8   .

2. Related Work

A  ,      , .. RGWLAN,
            
 G  . (2016)  D’A  . (2018). T,
      ,    
 WLAN.

S  UT-AP   WLAN      
  ,            
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. T    UT  AP        -
 WLAN,          . O
           
 WLAN  B  . (2007),      
-         
       . I L  . (2008), -
         
       . I A  . (2018),
 UT-AP        
          
   . T       -
           
 UT     AP. I L  . (2013),     
  WLAN        
      -    
     UT-AP ,    -
   ,        
 ,          -
 (-)  . I T  . (2016),  
       UT     -
 ,          
          
. W            -
       WLAN,    
, 1)      , ..  
      ,  2)    
       ,      -
             ,  
     .

T    WLAN    , .. GWLAN,
     . I G  . (2016),  
        
      WLAN   . I
Z  . (2018),  -        
     -   AP  
     AP    Q--S.
I W  . (2018),  -       
 : ,     AP-UT  
       -    AP 
; ,   UT     AP   
   . I G  . (2016)   --
       B’ D   
   . H,      WLAN -
         ,   
  G  . (2016)  D’A  . (2018),
         .
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F     R O     
  G  . (2014). S  K  P (2018)   
 R C O. W   R O
         -
    WLAN. A     B̈  .
(2017),      , D P P  . (2019), 
         ,
 Cß  . (2013),      . W 
 ,      - 
  --   ( ..   A
 S (2014)  T (2016)),        
        GWLAN.

3. GWLAN: problem and mathematical model

A GWLAN       J   AP    
 I  UT. T   wi   UT i     
 AP. T  Pj     AP j    
    (G  . (2016)): 1)    poj ,
           -; 2)  
 aj ,     - , ..   
        . T  aj 
      pw,      
          ( G-
  . (2016)   ),      Pj 
: Pj = poj + pw aj , ∀j ∈ J .

T     GWLAN    rij , ..
      UT i   AP j,  i ∈ I  j ∈ J .
T        ,     
 UT i     AP j. T    ,  
     , .. rij = rji, ∀i ∈ I, j ∈ J .

T GWLAN      AP  -  
 - AP    UT,        
UT       AP. T      
    . N ,   ,   
rij      . I  ,    
  .

B        :

• xij ,   1  UT i    AP j   0 , ∀ i ∈ I, j ∈ J ,

• yj ,   1  AP j  -   0 , ∀ j ∈ J ,

           
B L P (BLP) ,    G  .
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(2016):

z = 
∑

j∈J
Pj = 

∑

j∈J

[
poj yj + pw

∑

i∈I

wi

rij
xij

]
, (1)

∑

j∈J
xij = 1 i ∈ I (2)

∑

i∈I

wi

rij
xij ≤ yj j ∈ J (3)

xij ∈ 0, 1 i ∈ I, j ∈ J (4)

yj ∈ 0, 1 j ∈ J , (5)

   aj        xij : aj =


i∈I
wi

rij
xij .

F   ,     i ∈ I  j ∈ J ,  rij = 0  xij = 0.
T          i   AP
j    (i, j)     .
I  ,  (2)    UT     
 AP,   (3)      AP   
  UT    - AP. T    
J + IJ      I+ J  ,    
  . F        
,    B  . (2009).

4. RGWLAN: problem and mathematical models

I GWLAN,         rij  
     . H,      , 
rij           ,   
   ,        -
 . F, rij       
  ,        . T  
rij      .

I           ,  
         . S,  
              
  [0, ρmax],        . F  MRO
 (B̈  D’A (2012), B  . (2014)), 
M R O    D’A  .
(2018)     [0, ρmax]     
  B  - bands. E        
   ,     RGWLAN,     
    . T    ,  ,  
 /          
   . S,       4
       4  :
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1. b = 0 -  , .. ρ = 0,

2. b = 1 -  :         
 ρ = (0, ρ1],

3. b = 2 -  :        
  ρ = (ρ1, ρ2],

4. b = 3 -  :         
 ρ = (ρ2, ρ3],

 0 = ρ0 < ρ1 < ρ2 < ρ3 = ρmax.
W        Hb ≥ 0 UT   -

      b  b ≥ 1. A,   
    ( b = 0)     
         :      H0 UT
    . F,      K UT  
     (       
,  ).

C    ,    rij 
        ,   -
        . F  ,
 R        (T  V (2005))
            . W 
    f -   R     ,
 , [fL, f ],  f = 1 − e−

π
4    ,  

      . T  f    f  
  ,      fL     ,  fL
        .

A    ,   UT-AP  (i, j),   
      i      i
 j,        b     
R . W    rij(b, fL)    
   (i, j)   UT i      b, b ≥ 1, 
  R   . A, rij(0, fL)  
        , ..  b = 0,   
. W     ri,j = ri,j(0, f)    
      (i, j), ..        
  .

I          (3) 
  AP j ∈ J ,    binary variables qbij   UT i   b:

qbij    1       UT i     b ≥ 1,  
  i   (b = 0)        ;
    0 . T   UT     
           ,  
     .

B    ,      
(3)    BLP ,     (..,  
)    --      
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. P,  ()      AP
j ∈ J ,            
qbij ,  :

∑

i∈I

wi

rij
xij + 

∑

i∈I

∑

b∈B

(
wi

rmin−b
ij

− wi

r̄ij

)
xij q

b
ij ≤ yj , (6)

 rmin−b
ij           rij(b, fL)

 UT i   b. N  


b∈B qbij = 0 (..    UT i 
        ),   --
    wi

ri,j
,     . A    -

     (6)    . F 
,    (6), xij = 0  ri,j = 0 / rmin−b

ij = 0.
F  j ∈ J ,          -

      ,  (8)     K 
    ,  K <


b∈B Hb:

∑

b∈B

qbij ≤ 1 i ∈ I (7)

∑

i∈I

∑

b∈B

qbij ≤ K (8)

∑

i∈I
qbij ≤ Hb b ∈ B (9)

qbij ∈ 0, 1 i ∈ I, b ∈ B (10)

T    :

Proposition 1. The polytope associated with the linear relaxation of (7)− (10)
is integral.

Proof: C     (7)− (10),   
   (10)  0 ≤ qbij ≤ 1, i ∈ I, b ∈ B. O 

 qbij ≤ 1, i ∈ I, b ∈ B,   ,     
(7). T   ,        
  Aq ≤ b,    A   -- b :

A =




1 · · · 1
.
.
.

1 · · · 1
1 · · · 1 · · · 1 · · · 1

I · · · I


 b =




.

.

.
1

.

.

.

K

.

.

.
Hb

.

.

.



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I A, I            , ..
B. T  A    : 1)       +1,
-1, 0  2)    M   ,     (M1,M2) 
M     j : i∈M1

aij −


i∈M2
aij  ≤ 1 ( W

(1998),  50). S A      -- 
b  ,   -      Aq ≤ b  q ≥ 0 
. 

W      M I L P (MILP) 
 RGWLAN            -
   (7)− (10). S     (7)− (10)
   ,        ,  
,        . W   
       ()   
    ,     (
) MILP :


∑

j∈J

[
pojyj + pw

(∑

i∈I

wi

r̄ij
xij +

∑

i∈I
πj
i +K δj +

∑

b∈B

µj
b Hb

)]
(11)

∑

i∈I
wi

xij

r̄ij
+

∑

i∈I
πj
i +K δj +

∑

b∈B

µj
b Hb ≤ yj j ∈ J (12)

πj
i + δj + µj

b ≥
(

wi

rmin−b
ij

− wi

r̄ij

)
xij i ∈ I, j ∈ J , b ∈ B(13)

πj
i , δj , µj

b ≥ 0 i ∈ I, j ∈ J , b ∈ B (14)

.. (2), (4), (5)

T      (11)  (12)    
    , . T   (13)
   (14)        .
N            GWLAN ,
..   J + IJ     3IJ B  .
A      ,    J  + IJ B 
     .

T    G  . (2016)      
  M R   b = 1, ..  
     . I  , H      
  UT        . T
        M R 
 (     G  . (2016)). H  
    B R .

W       T 1    
   .
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Tl 1: Notton us n t mol ormulton

Symbol Meaning
J S  AP
I S  UT
poj F    AP j  -
pw C       

   /  
aj A  AP j, ..     AP j   -

   
wi T    i
B N     
b U  , b = 0, 1, B − 1
K M   UT      
Hb M        b
ri,j D    (i, j)        

  

rmin−b
ij W     (i, j)  UT i    b

xij B    1  UT i    AP j   0


yj B    1  AP j  -   0 
qbij A     1     (i, j)  

   UT i    b,    0 

πj
i , δ

j , µj
b D       (7)− (10)

5. The powering-on heuristic and the reallocation algorithm

B     ,   WLAN
,           
 B R    M R    S 4.

5.1. The powering-on heuristic

W   ,    UT  AP   
 ,        AP,    JON ,
       . T  -  AP  
             
            
AP  JON   -. T,      
 -   AP  JON . T -    
      yj = 1 ∀j ∈ JON . I  ,  
           .
T           
 , ,    (CT) . O 
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,       AP  JON     
   (PC)       
    . I,     S
7            - 
PC   CT .

T -     A 1. F  AP j, 
           
 j,   Cj (  4-6). A  i    
 j      r̄ij    . T,  AP j 
-, .. yj    1    ,  Cj   
      T ( 8-10). I   
  T = 080I, ..  AP       80% 
 UT. T        ,  
   -       
    T = 0 (    AP  
-,          )
        T = I (  
 AP    ,       
). T -    O(IJ ) ,    
  .

Algorithm 1 P- 

1: I Cj = 0   j ∈ J
2: for j = 1  J  do
3: for i = 1  I do
4: if r̄ij 6= 0 then
5: Cj := Cj + 1
6: end if
7: end for
8: if Cj ≥ T then
9: yj = 1

10: end if
11: end for

5.2. The reallocation algorithm

P       ,   -
,             
    . S,    -
 UT-AP   ,        
 ,    . P,   
          :

•      UT i      AP j  
      i  j    0;   ,
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        UT    
/   j;

•      UT i        
i    AP j         
 ,            
     ,  .

T   ,      , -
  A 2,    UT-AP     
 . I  ,  UT-AP    
  xij ,  aj     AP j,   j, 
     S 3. A   ,   -
        AP j ∈ J :  ( 2-14)
  ( 15-30). I   ,    
    UT     j,       -
     . A  ,   
  ,    AP      UT.

M  ,   AP j ∈ J ,   DU(j)  UT   
 j     , DU0(j)  DU1(j) (  14). DU0(j) 
   UT i       0     
. H      i    j  
    i     r∗ij ( 3). DU1(j), , 
   UT      j      
  j. T       UT  
   j,      5-13  A 2. A 
 DU(j),      ,    AP
    UT,  ic,  DU(j). T  ,   
UT ic,      AfU(ic)  AP j  r∗icj > 0 (
18). T,   AP js ∈ AfU(ic),      ic  
  js        js   
 (ic, js)  . I     , 
ic    js ( 23-25),      
AP    AfU(ic) ( 26-27). T AP js  AfU(ic)  
          r∗icjs ( 19).
T     O(IJ + IlogI+ J logJ )  
     .

I   ,   -   
          
            .

6. Notes on implementing GWLANs

H          
       GWLAN,     .
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Algorithm 2 R A

1: for  j ∈ J do
2: # Deallocation phase for AP j
3: DU0(j) = i : r∗ij = 0
4: D  UT ∈ DU0(j)  j   aj
5: if aj > 1 then
6: UA(j) = i : xij = 1
7: S UA(j)          -

   (i, j)  aj
8: while UA(j) 6= ∅ AND aj > 1 do
9: G    i  UA(j)

10: A i  DU1(j)
11: U aj     i  j
12: end while
13: end if
14: DU(j) = DU0(j) ∪DU1(j) # DU(j) is the set of UTs deallocated

from AP j
15: # Reallocation phase for each UTs ic ∈ DU(j)
16: for  UT ic ∈ DU(j) do
17: ICR = FALSE #ICR is a logical variable indicating if the

reallocation of ic has succeeded
18: AfU(ic) = j : r∗icj > 0
19: S AfU(ic)          r

∗
icj

20: while ICR==FALSE AND AfU(ic) 6= ∅ do
21: G    js  AfU(ic)
22: C ajs     ic  js
23: if ajs ≤ 1 then
24: A ic  js
25: S ICR=TRUE
26: else
27: AfU(ic) = AfU(ic) \ js
28: end if
29: end while
30: end for
31: end for
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G W-F ,       802.11 -
 IEEE (2016)      (SSF),    
UT     AP     RSSI  . T
     ,       -
    (.. ,    
)      W-F . I,  
W-F       AP   UT   
. I  ,    RSSI       -
    AP         UT. T
  ,        
          W-F -
 ,   S D N (SDN) . T
   S DWLAN (SDWLAN)    
       ,   W-F ,
        . T
    D  . (2019)        
       SDWLAN. R-
   ,         
 ,  ,  EP (R  . (2015)),  O (S
 . (2012))   OSDWN (S-Z  . (2015)) . I
 ,        
 UT   . T,     UT-AP  -
      ,   
          
.

I     ,     -
           UT, 
             
    . D    SDWLAN -
,          
      UT. F ,     UT
           RSSI
  AP      ,      (C
 . (2017)). B          .
T      GWLAN      , 
              
 ,        UT-AP .

A ,      UT-AP ,  
 ,       . P,  
  -     AP. F  
,  AP   -  -    
         SDWLAN .
F ,   EPOWER ,  AP    
E (R  . (2013)) -,       
. T -  REST- API    
  -  -  AP.
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A   ,     WLAN     -
         UT. I  , 
( )   AP    -     
 . H,       (..  
    ),      AP  
, ..     UT  AP  . T   
     WLAN, . A  ,  -
   S 7        
          , ..
    . O   ,   AP  ,
        ,    
 AP   -       UT .

7. Performance analysis

T     RGWLAN    -
     . I      -
       RGWLAN,   S
4,     GWLAN,   S 3,   ---
  CPLEX. T        -
   ,      ,   
       , . S,
         CPLEX ,  -
             
. T,           -
        -   
      . T    
 . F       -   
       . R  
 ,           
     ,     
 ,       . T  -
        -  
  ,         
,          
,       ,     -
  . S     RGWLAN 
  ,          
         UT  
  ,        .
T             
 . A       IBM ILOG CPLEX IBM
12.7.1    64  U OS,    1.7 GH I C 7
    4GB  .
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7.1. The instances

T        UT  AP
        100. T       
            
 ,         
    . N,  ,    AP   UT
       ,   
       .

T       ,  
        :

• |I|
|J | ,       UT  AP;   

  UT  AP R (UAR),     
  UAR, .. 10  50,    low UAR  high UAR,
;

• |J |
m2 ,       AP   ;   
 : 1) low density ,    

  0.001, 2) medium density ,   |J |
m2 = 0005,

 high density ,  |J |
m2 = 001.

T          -
    W-F  ,    -
 (D  . (2015), H  . (2008)),  (B 
C (2003))   (A  . (2010)).

R     AP,       D
 . (2015)       P  T (PT),  
     0.02 [AP m2]. T     
  AP     ,      0.0008
[AP m2] (H  . (2008))  . A   ,
      AP      0.01
[AP m2], .             
 D  . (2015).

T    UAR ,       
. T     2010  UAR  
  . H,        PT 
   UAR. I , F 1  (D  . (2015)) 
    UT      3 AP    
  . T         
 .

• I ,  21:00  7:00    . N     ,
  C  .

• R-  ,  7:00  10:00. T   UT
         . H,  9:00 
  UT   30 (UAR=10).
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• S- ,  10:00  18:00. T   UT 
   ;      100 (UAR=33.33) 
  140 (UAR=46.67)  .

• E  ,  18:00  21:00. T   UT
. A 19:00     30 (UAR=10).

T         10  50 
     UAR.

T 2        
. I           UAR, ..
UAR = 10 ( ),       UAR ,
.. UAR = 50. T           
     . S   
       AP  -  
    , ..      1,   
     


j∈J (poj + pw) ( S 3). I 

 poj  pw      24 W  11 W , .

Tl 2: Conurtons: prmtr sttns

C. ID I J  UAR AP  M. P (W)
1 100 10 10 0.001 350
2 500 10 50 0.001 350
3 500 50 10 0.005 1750
4 2500 50 50 0.005 1750
5 1000 100 10 0.01 3500

F  ,      , 

  |I||
|J | 

|J |
m2    . I  ,

     AP   UT    
 . F,           J  .
T,  AP      ,    
   . T    UT      J 
,            
 . T       
 UT  AP,           
 .

C          ,
K,       ,     05I. M,
     M R    B = 4  Hb =
025I∀b ∈ B,    B R    H = 075I. T
             
    , H = H1+H2+H3. F,
    rmin−b

ij      (6),
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          rij(b, fL) 
UT i   b (b ≥ 1)     AP j,    
    :   UT i     b, b ≥ 1,
3   i      b   
    ;    j, rmin−b

ij     
     (i, j)     3 
  i.

C   ,      fL = 005.
T               
COST-231 -     , NO-LOS  (E-
 C (1999)),        54 M
   802.11 . F,    wi  
    , ,    [270, 300]
K.

7.2. Analysis of CPLEX settings

T            -
   RGWLAN   GWLAN      -
 ,            
 ,   ,       
   ( D’A  . (2017)). T  
         . T 
        ,      
    ,     .
S,   CPLEX    :

•   MIP   ( CPX PARAM EPGAP,  
EG   ),         
            
 (  ). I  CPLEX     
  best bound−best integer valuebest integer value  
    ;

•   ,   TL (T L),     
  .

TL     ,  ,     .
T ,       TL ,    
  . N ,  CPLEX     
     ,         
   TL .

A   ,      .
T      EG  (.., 10−4)    TL (TL = 200s
 TL = 1800s, ). T    TL = 1800s 
    EG = 005. T 3     

19



    50    5, ..    
 ,    :      -
 (   NO,   nominal, ),  B R
 (BR ),  M R  (MR   ).
C 5,  ,         . A
        . W  EG
   ,          ,
.. 10−4. T     :    -
 (PC),     (CT),    
 - AP (NOFF ). F  ,      -
             
  . A  ,       
:

•  ;
•  :          
 TL (    ),     
;

•   :         
TL.

R Opt, Feas,  Nofeas  T 3      
       ,   , 
 , .

T 3    . T      -
        M R . T
        ,  TL = 1800 -
,     EG , .. 10−4  005. T 
 ,  EG  005,         -
          ,   
         ,    
  , ,     200 . P, 
    PC     06%      -
  . F,      PC 
      TL = 200      
    TL = 1800 . O   ,   -
   M R ,  200  CPLEX  
         ,     
 Opt .

A        B R .
I,      PC       TL =
200     23%       TL = 1800
. F,     EG = 005  
     .

B      , .. CT  PC, 
       :
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Tl 3: Prormn rsults or onurton 5

PP TL = 200 TL = 1800 TL = 1800 EG = 005

N
O

CT () 200.18 1800.45 224.71
PC (W) 527.97 518.434 521.70
NOFF 84.78 85 85
O. 0 0 50
F. 50 50 0

N . 0 0 0

B
R

CT () 200.88 1800.65 1800.76
PC (W) 881.96 716.441 716.44
NOFF 69.82 76.74 76.74
O. 0 0 0
F. 50 50 50

N . 0 0 0

M
R

CT () 200.35 1800.87 282.62
PC (W) 529.46 518.672 521.97
NOFF 84.62 84.98 84.98
O. 0 0 49
F. 50 50 1

N . 0 0 0

• CT :        M   B
R . T   CT      
  CPLEX  EG. I ,  EG = 005,    
      98%   ,   
            . T B
R , ,         CT . I 
        ,   TL.

• PC:   B R ,   TL     
, ..     . T 3   
 PC    23%    TL = 200    
TL = 1800 . T        
 - AP   TL = 1800 . I , 
M R      PC   
      .

D    ,       -
        CPLEX  TL = 200 
 EG = 10−4. I ,        
     -      .
I ,           
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  ,    MR ,       
           .

7.3. Impact of the powering-on heuristic

W         -
 ,    -      -
      .

A   S 5.1,  -      -
     AP, JON ,        ,
        -. S, JON 
   AP             
 80%   UT. H,     - ,
CPLEX      yj = 1, ∀j ∈ JON . O,  -
         (PC)    
 ,   -   AP  JON  . T -
    -     
,  ,  RGWLAN,     -  
AP  JON .

T 4      -      
. T       ,   ,    -
    ,         
 . T    H       -
     , ..    .
I    ,      H , Opt 
       - , ..  
   AP     JON     
           -
. I  ,         
,    AP   -.

T   ,      (.., 3, 4  5), 
            
NO, BR  MR    TL. F     (..,
1  2), CPLEX         
. F BR  MR, , CPLEX      
        TL. I , 
 B R ,     2      
      50 . T    -
      . B    
      UAR, .. UAR = 10 ( 1, 3 
5),          MR   
-        . I , 
      , ..  5,  
         ,   
 ,   94%   . O   ,  -
         B R 
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Tl 4: Comprson twn mtmtl mols n mtursts: typ o trmn
solutons

C.I M Opt OptH Feas FeasH Nofeas NofeasH

1
MR 48 48 0 0 2 2
BR 22 22 0 0 28 28
NO 50 50 0 0 0 0

2
MR 35 35 0 0 15 15
BR 0 0 0 0 50 50
NO 40 39 10 11 0 0

3
MR 0 50 50 0 0 0
BR 0 7 50 43 0 0
NO 0 23 50 27 0 0

4
MR 0 0 50 50 0 0
BR 0 0 50 50 0 0
NO 0 0 50 50 0 0

5
MR 0 47 50 3 0 0
BR 0 0 50 50 0 0
NO 0 3 50 47 0 0

,     ,      
 .

T 5      -     -
, .. PC,     , .. CT . A, 
   H       - , .. 
 . C  2,       
    BR,     - , 
  50 . H,     ,   
   –  T 5.

I  :

• TL   CT         
  50 ,     ;

•   N.S.         
  ; ,  ,   
       ,    ,
      ;

•     PC  CT     
 PC   CT         ,
..          . F
,    MR    -  
 1,   N.S. H   48(0). T   
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     PC H  CT H   
      48  (.. 48 + 0).
S 50       ,  
 ,    ,        
  TL.

R   ,      
 PC           
. R   ,      S 7.2,  
        CPLEX   
           
        . T  
 MR   PC        
,       -      
      UAR = 10, .., 1, 3  5.
O   ,  UAR = 50,      
       . F 1  
  . I ,       -
 AP    MR     50    3 
4,     - . R   
       AP (.. 50),    
UAR  (10   3  50   4). W  
,      UAR,  -   
    . B     , 
UAR = 50,       UT  AP,   
70%   AP    -      UT 
. T,       - AP 
     ,       
 4. O  ,  UAR = 10,  -  
 16%    AP        
 UT. I  ,       -
             
     3. A  ,    
           
    WLAN  . I   , 
      UAR=10. T  
UAR ,    ,      WLAN:   ,
,      ,     
     AP   -,    T 5.
N ,   ,       
          T 2,  
      AP  -     
. T          UAR, .. 1,
3  5.

C   ,       
 , .. 3, 4  5,    , ..  
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- ,    TL = 200     
. T      . T - ,
,     ,    MR  NO 
  3  5. I , MR    -
          3,  
 F 2. T     6     10
. A         21   
50    5      . C
 2,   UAR = 50, MR      
 11.76   35 ,    . T  CT 
   6.422    - . I  ,
           15 .
O   ,     2       
   BR   50 ,     -
. T    ,      UT  AP
 , RGWLAN    :     
         50 .

B      - ,   
         MR,
    2  4,     UAR = 50.
F   ,  ,      
     UAR        CT. O
  ,  -      
UAR  ,        1, 3  5,   
         ,  -
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 ,      .

7.4. Robustness analysis: impact of the reallocation algorithm

T           -
            . S-
,    (  )     ,
    - . T,    -
 ,        UT. E 
        UT   , 
    Hi, i = 0, 1, 2, 3,    -
     UT    ,   
. F     ,    
L  F (LF )          
       , ..  
 UT . A        T 5,  
     LF    ,   
-   .

T     S 5.2    
    . A       
  (  ),          
    AP,        
      .

L           UAR = 10.
D         ,   
      -    . T
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   1, 3  5    T 6. I  ,
     :

• LFH: LF      - ;

• LFHR: LF     -   
 :         
       ; 
          
UT      .

• ANRU: A N   UT;

• ANUNS: A N  UT      
;

• MNUNS: M N  UT      
.

T     :

• I  ,    UT      
  . A  ,   5,  2500 UT, 
 42 UT         .

• B  MR,        
   .

• I   MR,      UT   
    NO. H,   UT-AP   
  MR      :   -
 5,   13      UT   ,
   8     UT   .

• B  BR,      
    UT   3  5.

• BR         1,   
    AP ( 10 AP)      
    UT     .
T       T 5 ( NS H),  
       BR   22    50.

W UAR = 50,    T 5      
         2. H,   
        4 (    
T 6). T       ,  
  BR,          UT 
  50 . O  ,     
     MR. I,   8    50  
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Tl 6: Avr vlus o som sttsts or n tr t pplton o t rlloton
lortm

C.I M LFH LFHR ( 1) ANRU ANUNS MNUNS

1
MR 11/48 47(48) 1,29 0.021 1
BR 7/22 22(22) 0,864 0 0
NO 0/50 2(10) 2,48 3,22 8

3
MR 0 45(50) 7,8 0,1 1
BR 4 50 2,5 0 0
NO 0 1(2) 8,98 8,72 27

5
MR 0 37(42) 19,78 1,64 24
BR 0 50 5,42 0 0
NO 2 8(16) 17,5 11,38 42

4
MR 0 8(10) 20,14 12,92 34
BR 0 50 3,14 0 0
NO 0 2(2) 17,70 16,68 37

UT   ,        UT  
 . I   NO,       
 ,    17 UT    ,  
       UT  . B , 
UAR = 50      MR      
         B R . T
          - AP ,
  ,     . R  
4,    T 6, BR      (   
0.66 AP -),     MR  ,  , 13 AP
  - (26%). T      
 BR    2647%        
   MR. S    , ,  
       . T  
 - AP  UAR = 50      
   MR        .

W           
    :

•       MR,  - 
        UT 
AP , .. UAR,  ,         -
     ,   ,  
     ;     BR,
,     -  AP  MR,  
         ;
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•   UT  AP  ,     -
   RGWLAN;      
 BR,            
;

•        BR   -
      ;   MR, -
,         UAR  , 
     UAR .

A           
    ,    2500 UT  50 AP, 
            -
  D  . (2015)   B  C (2003).
H,           
      ,   H  .
(2008),    WF, .. A  . (2010),   
RGWLAN    ,     
 . T RGWLAN      -
       (..,     
  ),      , 
      D’A  . (2017)  
GWLAN .

8. Conclusions

W         -
   R GWLAN P (RGWLAN), ..  B R 
(BR)   M R  (MR),   
 ,  matheuristics,  RGWLAN. T      
    ,      -
       . S,  
       : (i)   -
,    AP       , 
   -   ,  (ii)   ,
   UT  AP       ,
            .

T   ,  2500   
5 ,     . S,  
UT  AP ,   UAR,  ,   MR   
 -     ,    -
            MR .
A,      MR     
       . W UAR ,
,      . BR      -
      ,     
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  MR    ,     
      . A,   -
,   WLAN      
UAR  . I  ,  ,      WLAN  ,
         ,    
  .

W        RGWLAN,   
            ,  
            
 .
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