keshav@research.att.com

Abstract round i t s_i (t) μ_i (t) = 1_i (t). s_i

λ s_0 = 1/λ s_b (t) =_i s_i (t) 0 ≤ i ≤ n) bottleneck b μ_b (t) 1_b (t). μ_b (t) μ(t) . k, k+1 N_{ac} N_{ac} N_{ac} μ_b μ_b (k+ will μ_b (k) μ_b (k)

μ_b (k+ = μ_b (k) (k where ω(k) ω μ_b (k)

RTT s

d e

i j

l m bottleneck rate

de. s P s_b μ_b is_b s_b P mate μ_b.

μ_b

de s_b ij + lm μ. μ_b

ment. s_b

μ_b

xÃ x

ations.

n_b

B B

n_b N(x) = Pr(n_b = x). N(x) is B n_b = 0 N . n_b = B B N(B),

E(s_b )_0∫ B xN(x)dx,

E(s_b ) N(x)

2

N(x) 2 B

R

k RTT(k) k+1

epochs R +

k RTT(k) k S(k) predict μ_bÃ (k+ k+1 μ μ

k k n_b (k) beginning k ab k+1 k ab = cd, k RTT(k). k k− 1 have k S(k) λ (k)RTT(k)

S(k) (k)RTT(k) (1) k+1

NOW a

b nb(k)

nb(k+1)

SOURCE BOTTLENECK

RTT(k)

RTT(k+1)

nb(k+2) c

d

k k n_b B λ (k)RTT(k) = S(k) μ(k)RTT(k)

n_b (k+ = b (k) (k)RTT(k) − RTT(k)μ(k) if n_b (k) (k)RTT(k) − RTT(k)μ(k) > if n_b (k) (k)RTT(k) − RTT(k)μ(k) < 0 then 0

B

n_b (k+ = n_b (k) + (λ (k) (k RTT(k) (2)

n_b (k+ = n_b (k) + S(k) (k)RTT(k) (3) Since n_b (k+ k control n_b (k+ n_b (k+ = n_b (k+ + (λ (k+ (k+ RTT(k+ (4)

n_b (k+ = n_b (k) + S(k) (k)RTT(k) + (λ (k+ (k+ RTT(k+ (5) 2 2 λ (k+ .

2 = n_b (k) + S(k) (k)RTT(k) + (λ (k+ (k+ RTT(k+ (6) λ (k+ as λ (k+ = RTT(k+

1 [ 2 − n_b (k) − S(k) (k)RTT(k) (k+ RTT(k+ (7)

λ (k+ = RTTÃ (k+ 1 [ 2 − nÃ_b (k) − S(k) Ã(k)RTT(k) Ã(k+ RTTÃ (k+ (8)

RTTÃ (k+ to RTT(k) λ (k+ = RTT(k)

1 [ 2 − nÃ_b (k) − S(k) + (μÃ(k) Ã(k+ RTT(k (9) 2 μ_bÃ (k) and nÃ_b (k)

λ (k) λ (k+ n_b (k+ = n_b (k+ + (λ (k+ (k+ RTT(k+ (10)

n_b (k+ = n_b (k+ (k+ RTT(k+ + RTT(k)

RTT(k+ [ 2 − n_b (k) − S(k) + (μ(k) (k+ RTT(k

RTT(k) RTT(k+ n_b (k) = n_b (k− (k− RTT(k− + 2 − n_b (k− − S(k− + (μ(k− (k− RTT(k−

n_b (z) = z^{− 1} n_b (z) − z^{− 2} μ(z)RTT(z) + 2 − z^{− 2} n_b (z) − z^{− 2} S(z) + 2z^{− 4} μ(z)RTT(z) Considering n_b z^{− 2} − z^{− 1} + 1 = 0

z^{− 1}

z^{− 1} = 2 1± 3 i not

λ (k+ = RTT(k) α [ 2 − nÃ_b (k) − S(k) + (μÃ(k) Ã(k+ RTT(k

α z^{− 2} − z^{− 1} + 1 = 0

z^{− 1} = 2α 1± 4 1 i

z^{− 1} > 1 1 α < α 2 α α

nÃ_b nÃ_b (k) nÃ_b (k) n_b. nÃ_b (k)

• • serviced •

R. R epoch k+1, n_b (k+ S(k)

nÃ_b (k+ = S(k) − Rμ_bÃ (k) Since S, R and μ_bÃ (k) nÃ_b (k+ update nÃ_b (k+ nÃ_b (k+ nÃ_b (k+ n_b μ

S(k) and λ (k)

μ, λ and n_b

delay R vector.

λ J n_b (t +J) = n_b (t) (t)J (t)J (11) where μ n_b

n_b (t) = S(t) − Rμ(t) (12)

n_b (t +J) 2

n_b (t +J) = n_b (t) (t)J (t)J = 2 (13) So, λ (t) = J 2 − S(t) + RμÃ(t) + JμÃ(t) (14) n ._b (t) n ._b (t) =_0limit δ n_b (t ) − n_b (t) (t) (t) (15)

n ._b = J 2 − n_b (t) (16)

x = n_b (t) − 2 (17)

x = 0 (18)

x . = J − x (19) J J J α J J J R + S(k)μ(t) R and S(k) μ(t) μÃ.

requires

θÃ_{k+1} Ã_k + )θÄ_k α α α θÃ_k =_{i =0}Σ

k− 1

)θÄ_i α^{k− i − 1 k}θÃ_0

α α

θ_k θÄ_k α θÄ θ_k θÄ θ_k α θ_k, α α α θ_k α ori Since α ω ξ tion, α α α α α.

α α α α α

defuzzifier. θÄ Ã = θÄ_k θÄk Ãk θÄ_k α

0 20 40 60 80 100 120 140

0 5 10 15 20 25

Packets

RTT

Queue size

Estimate Setpoint # unacked pkts

19 19.2

19.4

19.6

19.8 20 20.2

20.4

20.6

20.8 21

14.2 14.25 14.3 14.35 14.4 14.45 14.5

Packets

RTT

Queue size Estimate Setpoint

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

0 5 10 15 20 25

Utilization

RTT

0 200 400 600 800 1000

1200

1400

1600

1800

2000

0 5 10 15 20 25

Sequence number

RTT

Sequence number Ack number

5 10 15 20 25 30 35

0 20 40 60 80 100 120

Packets

RTT

Setpoint 1 Setpoint 2 Setpoint 3 Setpoint 4

0 500 1000

1500

2000

2500

0 20 40 60 80 100 120

Packets

RTT

Seq # 1 Seq # 2 Seq # 3 Seq # 4

0 0.2 0.4 0.6 0.8 1 1.2

0 10 20 30 40 50 60 70

Packets/time unit

RTT

Sending rate 1 Sending rate 2 Sending rate 6 Sending rate 10

0 0.2 0.4 0.6 0.8 1 1.2

0 10 20 30 40 50 60 70

Packets/time unit

RTT

Sending rate 1 Sending rate 2 Sending rate 6 Sending rate 10

0 1 2 3 4 5 6 7 8 9 10

0 10 20 30 40 50 60 70 80

Packets/time unit, time unit

RTT

Sending rate Inter-ack time

0 5 10 15 20 25 30 35 40 45

0 10 20 30 40 50 60 70 80

Packets

RTT

Queue length

0 200 400 600 800 1000

1200

1400

1600

1800

2000

0 10 20 30 40 50 60 70 80

Sequence number

RTT

Sequence number Ack number

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

0 400 800 1200 1600 2000

Percentage slowdown

# of packets transferred