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7 NBQ Manager =

Flow1l

Flow2 % =
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Flow3 L

Throughput Estimator

Flow ID IN ouT

Flowl 10Mbps  5Mbps

Flow2 2Mbps 1Mbps

Flow3 8Mbps 4Mbps

/.

Queue \

T wmw ]

] T Discard!!

Packet Discarder

Flow ID _ Discard Probability

Flowl 0.2
Flow2 0
Flow3 0.3

Constants:

MAX_DISCARD = 0.9 // Maxmum packet discard ratio
MIN_DISCARD = 0.1 // Minimum packet discard ratio
DECR_DISCARD = 0.6 // Decrease rate of packet discard ratio
applied when the bandwidth becomes available
EST_INTERVAL = 0.1 // Calculates the regular measuring interval of
the packet arrival rate and departure rate
WEIGHT = 0.8 // Weight of previous packet discard ratio
ALLOW_IDLE =2.0// The amount of time per-flow variables
are kept once the flow stops

Global Variables:

now Il Current real time
nactive /I The number of current active flow

Per-Flow Variables:

in_byte I Total byte of arrival packets
in_time I Estimated time of packet arrival rate
in_th Il Packet arrival rate

prev_in_th Il Previous packet arrival rate

out_byte I Total byte of departure packets
out_time /I Estimated time of packet departure rate
out_th I Packet departure rate

discard_ratio  // Packet discard ratio

glen /I Number of packets buffered

idle_time /I Time when the packets stop arriving
present Il flag showing the flow's presence

Per-Flow Variables from NBQ Manager:

neighbor_in_th  // Packet arrival rate in downstream router
neighbor_out_th // Packet departure rate in downstream router




Enqueuing module:
if((idle_time = 0) && ((now - idle_time) >= ALLOW_IDLE))
reset per-flow variables;
else
idle_time = now;
[Throughput Estimator module];

if(P_type == TCP) /I Check a protocol type of packet (P_type)
discard = 0;

else
discard = [Average_out module];

drop packet P with ratio discard;
++qlen;
Average_out module:
total = 0;
for(n = 1; n <= nactive; n++)
total += discad_ratio[n];
return total / nactive;
Dequeuing module:
--glen;
if(glen == 0) {
idle_time = now;
present = 0;

}
[Throughput Estimator module]

Throughput Estimator module:
if(called from Enqueuing module) {

in_byte += P_size; // Add packet soze (P_size)

if(now - in_time >= EST_INTERVAL) {
in_th = in_byte / (now - in_time);
in_time = now;
in_byte = 0;
discard_ratio = [Packet Discarder module];
prev_in_th =in_th;

}
} else if (called from Dequeuing module) {

out_byte += P_size;

if(now - out_time >= EST_INTERVAL) {
out_th = out_byte / (now - out_time);
out_time = now;
out_byte = 0;
discard_ratio = [Packet Discarder module];

}

Packet Discarder module:
neighbor_loss_rate =
1.0 - (neighbor_out_th) / (neighbor_in_th); // Eq.(1)
loss_rate = max(0, neighbor_loss_rate);
if(loss_rate <= MIN_DISCARD)
return (discard_ratio * DECR_DISCARD);
discard_rate = 1.0 -
((1.0 - loss_rate) * (1.0 - [Average_out module])); // Eq.(2
weighted_discard_rate = (WEIGHT * [Average_out module]) +
((1.0 - WEIGHT) * discard_rate); // Eq.(3)
if(prev_in_th == 0)
input_change_rate = 1;
else
input_change_rate = in_th / prev_in_th; // Eq.(4)
return (weighted_discard_rate * input_change_rate);
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