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For (j=0; j<=N; j++)
  i = sort(j)

    If (RTT(i) >= 2*allocation_cycle)
      grant(k+2,i) = P_DBA(k+2,i)
      slot(k+2) = slot(k+2) - grant(k+2,i) 

    Elseif (RTT(i) >= allocation_cycle)
      grant(k+1,i) = P_DBA(k+1,i)
      slot(k+1) = slot(k+1) - grant(k+1,i) 

    Elseif (RTT(i) < allocation_cycle)
      grant(k, i) = EM_DBA(k,i)
      slot(k) = slot(k) - grant(k+1,i) 
    EndIf
 
EndFor
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μ TDW (prop)

TDW (prop) =

{
0.200 + 0.025 = 0.225 ( )

0.200 + 0.100 = 0.300 ( )

TDW (conv)

RTTMAX RTTMAX(100km) = 2× 100×103

2.0×108
= 1000 μ



TDW (conv)

TDW (conv) = 1.000 + 0.200 1.200

Tmax latency

Tmax latency

Tmax latency = Tallo + TDW +
RTT

2

Tmax latency





3 EPON

3-16:

– 54 –





[95]



[48]

RRk k

k l RRk RRl

[96]



[97]

[98]

SourceAddress T imeStamp

FrameCheckSequence

[97]

[97]



[98]

r 0 < r < 1 P 0 < P < 1

r < P r ≥ P

P



k

l

l l



μ

P

μ

[99]

P

P P = 0.1 0.3 0.7

P = 0.1 0.3 0.7

P P = 0.3

P = 0.1 0.3 0.7

P



P = 0.1

P = 0.3

P

P P



P = 0.7



[75]

Th

Th

Th

[100, 101]



30

40

50

60

70

80

90

0 25 50 75 100

B
a

n
d

w
id

th
 [
M

b
/s

]

Time [ms]

Transmit 

Request Threshold Length (Th)

to OLT

Under Threshold Request Length (R )

Total length of accumula�ng data (R )

Ethernet 
Frame 1

Ethernet 
Frame 2

Ethernet 
Frame 3

Ethernet 
Frame 4

Ethernet 
Frame 5

1

2

m

Btar(m) =
wm ×Btot∑Nact

k=1 wk

m k Nact wk

k Btot

m Balo(m)



i e[i]

e[i] = Btar(m)[i]−Balo(m)[i]

Th[i] = P × e[i] + I ×
i∑

j=0

e[j] +D × (e[i]− e[i− 1])

P I D

Th

Rt

Rt = Vt/Btar

Vt t Vt Rt

Rt Vt

fave = (fmax + fmin)/2

fmax fmin



Des�na�on Address

Source Address

Length/Type 

Opcode

Timestamp

Number of grants/Flags

Grant #1 Start �me

Grant #1 Length

Request Threshold Length

Pad/Reserved

FCS

Repeat
4 �mes

6

6

2

2

4

1

0 or 4

0 or 2

2

13 - 37

4

Octets

R1

R2 R1 A1

A1 = Rave
1 = Thcon − fave

Thcon

R2 R2

R1

R2 A2

A2 = S −A1(N − 1),

S N

V con
t

V con
t = (A2 −A1)



μ

V pro
t

V pro
t = (fmax − fmin)

Rpro
t

Rcon
t

=
V pro
t

V con
t

,

Rpro
t Rcon

t N = 16 fmin = 64

fmax = 1518 S = 62500 Th = 1518 Rpro
t /Rcon

t

1/30

μ



30

40

50

60

70

80

90

0 25 50 75 100

B
a

n
d

w
id

th
 [

M
b

/s
]

Time [ms]

B   = 62.5 
tar

Mbps

Rcon
50ms = 10 Rpro

50ms = 0.4

Rpro
50ms/R

con
50ms = 1/25

BA
50ms

BA
50ms = Btar × (1−R50ms/2),

Btar



30

40

50

60

70

80

90

0 25 50 75 100

B
a

n
d

w
id

th
 [

M
b

/s
]

Time [ms]

B   = 62.5 
tar

Mbps

Vt

V50ms



30

40

50

60

70

80

90

0 25 50 75 100

B
a

n
d

w
id

th
 [
M

b
/s

]

Time [ms]

Proposal

Conven�onal

1

0.4

0.5

0.6

0.7

0.8

1 10 100

V
ib

la
�

o
n

 r
a

te
 [

%
]

Frequency of upda�ng threshold

[number of �mes/50ms]







[48]

[49, 50]

[48]





[102]



QS #1QS #2

QS #1

ONU 
Buffer

QS #2
QS #3

Buffer head 

Edge of previous QS QS #3

Ethernet
Frames

Th1Th2

QS #3QS #2

QS #3

QS #2QS #1

QS #1

QS #1QS #2

QS #1

QS #2
QS #3

Ascending

Descending

QS #3

Th1Th2



QS #2

QS #3

QS #1

QS #3

QS #2
QS #1

Not included

Included

Granted 
frames

QS #4

Th1Th2

QS #2QS #3 QS #1

QS #3

ONU 
Buffer

QS #2
QS #1

Example 1
(I) Buffer head 

(II) Descending

(III) Not included

Example 2
(I) Edge of previous QS

(II) Ascending

(III) Included

Granted 
frames

QS #4

Th1Th2



j k QS(i) i

M C pQS

pG Tx Th1

QS(1) QS(2) QS(1) + QS(2)

Th1

QS(k) QS(k) QS(j)



QS(2)

QS(M − 1) Tx pG

Tx pG

QS(1) + QS(2) QS(M) + QS(M − 1) Tx

pG

QS(k) < QS(k+1)



QS(1) > 0 ∧QS(2) > 0 ∧QS(1) +QS(2) < Th1

QS(M) > 0 ∧QS(M − 1) > 0 ∧QS(M) +QS(M − 1) < Th1

QS(k) > 0 ∧QS(j|j �= k) = 0
j k M

QS(k) > QS(k + 1) ∧QS(k + 1) < QS(k + 2)
k M − 2

QS(k) < QS(k + 1) ∧QS(k + 1) > QS(k + 2)
k M − 2

pQS(k) > pQS(k + 1) ∧QS(k) < QS(k + 1)
k M − 1

pQS(k) < pQS(k + 1) ∧QS(k) > QS(k + 1)
k M − 1

QS(k) ≥ QS(k + 1) > 0 k M − 1

0 < QS(k) ≤ QS(k + 1) k M − 1

QS(1) > 0 ∧QS(2) > 0 ∧QS(1) +QS(2) < Th1

pG = pQS(2) ∧ pG > 0 ∧ Tx �= pG

pG = pQS(M − 1) ∧ pG > 0 ∧ Tx �= pG

pG = pQS(1) + pQS(2) ∧ pG > 0 ∧ Tx = pG

pG = pQS(M) + pQS(M − 1) ∧ pG > 0 ∧ Tx = pG

�= 0 pQS(1) + pQS(2)



∧ QS(k) < QS(k + 1)
k M − 1

∧ QS(k) > QS(k + 1)
k M − 1

∧ QS(1) > 0 ∧QS(M) = 0

∧ QS(M) > 0 ∧QS(1) = 0

∧ pG = pQS(1) + pQS(2) ∧ pG > 0
∧Tx = pG ∧M > 2

∧ pG = pQS(M) + pQS(M − 1) ∧ pG > 0
∧Tx = pG ∧M > 2

MFL

pG MFL

MFL



pG > MFL ∧ pQS(k) = 0 ∧ Tx > 0
k M

pQS(k) > 0 ∧ pG > MFL ∧ Tx = 0
k M

∧ pQS(k) > 0 ∧ pG = pQS(k) ∧ Tx = pG
k M

∧ pQS(k) > 0 ∧ pG = pQS(k) ∧ Tx �= pG
k M

∧ ∧ pQS(1) > 0 ∧ pG = pQS(1) ∧ Tx = pG

∧ ∧ pQS(M) > 0 ∧ pG = pQS(M) ∧ Tx = pG

∧ ∧ pQS(1) > 0 ∧ pG = pQS(1) ∧ Tx �= pG

∧ ∧ pQS(M) > 0 ∧ pG = pQS(M) ∧ Tx �= pG

pQS(1) pG

Tx

pQS(1)

pQS(1)



Q
S

c (3
)=

 Q
S

F (2
)

QSF #2QSF #3 QSF #1

QSc #3

QSc #2
QSc #1

P
a

�
e

rn
 C

QSF #4

P
a

�
e

rn
 F

Q
S

c (1
)=

 Q
S

F (2
) +

 Q
S

F (3
) +

 Q
S

F (4
)

Q
S

c (2
)=

 Q
S

F (2
) +

 Q
S

F (3
)

Granted 
frames

Th1Th2
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