a b c

a

b USA c

Abstract

narios.

____________ a

b

c Delhi.

ING

apparent. decouples 1

2

model.

the i s_i ρ_i = 1_i ρ_0 s_0 = 1/ρ_0

s_b =_i s_i 0 ≤ i ≤ n)

bottleneck b sl_i . b if j > i, ρ_{slj sli}

rate-throttle

venience.

j r.

r_j j j is r.

r_j j j is ρ_j.

time t_0 t_0 + s_j t_0 + 1 ρ_j ≥r ≥ 1/ρ_j and t_0 + 1 ≥ t_0 + s_j

r.

s_j ρ_j.

j and j+ j r ρ_j ≥ r_{j+1} j+1. r_j j j j+ r r_{j+1}, j+ r ρ_L < r , { ρ_k, ρ_{k+1} , , ρ_{L− 1}

r_k k k is r k result.

b sl_1; sl_1 + , sl_2 sl_i ρ_{0 sl1} sl_1 ρ_{0 sl1} . sl_1 (if ρ_0 is sl_1 sl_1, ρ_{sl1} , sl_2

s_0 ρ_{0 b} s_b

ρ_b

s_b. Define Δ_j ρ_{slj− 1 slj} .

s_{0 i} all i sl_j Δ_j t_j = i =0Σ j− 1

s_i +

ρ_{slj− 1}

K ρ_{slj} .

sl_j ρ_{slj− 1} ρ_{slj} Δ_j

ρ_{slj− 1} ρ_{slj− 1} i =0Σ j− 1

s_i

ρ_{slj} .

ρ_b probe

ρ_s ρ_b if ρ_{s b,} decrease ρ_{s,}

ρ_{s b} ) ρ_s .ρ_s else ρ_s .ρ_s where ρ_b s_b = 1/ρ_b

ρ_b

ρ_b 3. Since V =_b R and s_b s_b R

r_t r_t Δ r_t Δ

R or ρ_b ΔV R ΔV V ΔV ΔV Δ_b vs. lost n_b paper, n_b ΔV.

mission. s_b

packet-pair R_e R s_e s_b.

V_e V = n_b should n_b n_b ____________

achieved.

V_e n_b n_b s_e updates s_e R_e R r_t − n_{b e} V_e R_{e e} V_{new}, V_{old} V_e V_{new} < V_{old}

n_{skip} = (V_{old} − V_{new})/2

where z z n_{skip} s_e s_e V_{new} > V_{old} V_{new} − V_{old}

s_b

                 linefree
num_in_burst
            num_in_burst

R_e s_e V_e and n_{skip} V_{new} > V_{old} V_{new} − V_{old}

s_e. n_{skip} s_e

X(R_e + n_{b e} X X

ACK TICK

< vold start_up

CRQ(vnew-vold) linefree=1

CRQ(2)

linefree

RECEIVE

FREE

TIMEOUT

N Y

Y N

Y N nskip > 0 Y N

burst_size > 0 Y N

DEQUEUE/SEND

Rand s_b

• • V ΔV • B ≥ 2ΔV • R t_0 R(t) R(t_0 R(t_0 s_b (t_0 s_b (t_0

always

B T_0 , T_1 t_1 , t_2 ] [ T_0 , T_1],

t_1 is k, 0 ≤ t_1 ∫ t_2

(ρ_0 (t − d_1 )_b (t dt ≤ B− k

where ρ_0 (t t, ρ_b (t t and d_1

n_b ρ_b T_0 T_1 Vis T_0 , T_1 T_0 + 2R T_1 ].

T_0 + R ρ_b ΔV = 0, n_b =

s_b T_0 + 2R ρ_b T_0 + 2R T_1 ].

Remark

V V V V R

ρ_b and r_t

r_t R r_t Ror ρ_b R and ρ_b V = R.ρ_b. t_0 V by δV V. R

R

Vby ΔV has ΔV bandwidth.

D_1 D_{1new} D_{1new} − D_1 s_b

n_b n = 2 1 s_b

(R_{old} _____ − ξ R_{new} ) ξ_b R_{new}/ξ R_{new b} n n packets.

Suppose R t_0 t_0 + R(t_0 δV ρ_b

t_0 + i =0Σ b − 1

s_i + ρ_{slb − 1} δV R ρ_b

ρ_b

ρ_b

ρ_b ρ_b t_0 + i =bΣ n s_i t_0 + R(t_0 s_b (t_0 )− s_b (t_0 R(t_0 ) V

δV δVpackets.

R(t_0 s_b

δV R i =0Σ b − 1

s_i + ρ_{Lb − 1} δV .

R

R δV ΔV ΔV

R t_0 +R(t_0 V_{old} − V_{new})/ 1/ R(t_0 )_b − R(t_0 ) sb, = R(t_0 )− R(t_0

t_0 +R(t_0 )− R(t_0 )+R(t_0 ) = t_0 +R(t0 R(t_0 )_b − R(t_0 )_b t_0 +R(t_0 )

ρ_b

ρ_b t_0 + R(t_0 δ δV ΔV

ρ_b t_0 + i =bΣ n s_i

i =1Σ b − 1

s_i

t_0 + R(t_0 ) + skiptime first R(t_0 ΔV skiptime t_0 + R(t_0 ) + skiptime

skiptime = 2 1 s_b (t_0 )

R(t_0 ) − s_b (t_0 )

R(t_0 )

(t_0 )

S1

S2

Observations

ρ_0 /ρ_0

rapidly.

5

4

3

2

1 800 700 600 500 400 300 200 100 0

51u’

104u’ 10

9

8

7

6

5 803 703 603 503 403 303 203 103 3

2.0

1.5

1.0 800 700 600 500 400 300 200 100 0

21

16

11

6

1 801 701 601 501 401 301 201 101 1 u’ u’