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Abstract

This nenp describes several Rate Adaptive Shapers (RAS) that can be
used in conbination with the single rate Three Color Markers (srTCM
and the two rate Three Col or Marker (trTCM described in RFC2697 and
RFC2698, respectively. These RAS inprove the performance of TCP when
a TCMis used at the ingress of a diffserv network by reducing the
burstiness of the traffic. Wth TCP traffic, this reduction of the
burstiness is acconpani ed by a reduction of the nunber of marked
packets and by an inproved TCP goodput. The proposed RAS can be used
at the ingress of Diffserv networks providing the Assured Forwardi ng
Per Hop Behavior (AF PHB). They are especially useful when a TCMis
used to nmark traffic conposed of a small nunber of TCP connecti ons.

1. Introduction

In DiffServ networks [ RFC2475], the incoming data traffic, with the
AF PHB in particular, could be subject to marki ng where the purpose
of this marking is to provide a |low drop probability to a m ni mum
part of the traffic whereas the excess will have a larger drop
probability. Such markers are mainly token bucket based such as the
single rate Three Col or Marker (srTCM and two rate Three Col or

Mar ker (trTCM described in [ RFC2697] and [ RFC2698], respectively.

Simlar markers were proposed for ATM networ ks and sinul ati ons have
shown that their performance with TCP traffic was not always
satisfactory and several researchers have shown that these

per formance problens could be solved in two ways:
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1. increasing the burst size, i.e. increasing the Conmtted Burst
Size (CBS) and the Peak Burst Size (PBS) in case of the trTCM or

2. shaping the traffic such that a part of the burstiness is renoved.

The first solution has as najor disadvantage that the traffic sent to
the network can be very bursty and thus engineering the network to
provide a | ow packet loss ratio can becone difficult. To efficiently
support bursty traffic, additional resources such as buffer space are
needed. Conversely, the najor disadvantage of shaping is that the
traffic encounters additional delay in the shaper’s buffer.

In this docunment, we propose two shapers that can reduce the
burstiness of the traffic upstreamof a TCM By reducing the
burstiness of the traffic, the adaptive shapers increase the

per cent age of packets marked as green by the TCM and t hus the overal
goodput of the users attached to such a shaper.

Such rate adaptive shapers will probably be useful at the edge of the
network (i.e. inside access routers or even network adapters). The
simulation results in [Cnodder] show that these shapers are
particularly useful when a small nunmber of TCP connections are
processed by a TCM

The structure of this docunment follows the structure proposed in
[Nichols]. W first describe two types of rate adaptive shapers in
section two. These shapers correspond to respectively the srTCM and
the trTCM In section 3, we describe an extension to the sinple
shapers that can provide a better performance. W briefly discuss
simulation results in the appendi x.

2. Description of the rate adaptive shapers
2.1. Rate adaptive shaper

The rate adaptive shaper is based on a simlar shaper proposed in

[ Bonaventure] to inprove the performance of TCP with the Cuaranteed
Frame Rate [ TM41l] service category in ATM networks. Another type of
rate adaptive shaper suitable for differentiated services was briefly
discussed in [Azeen]. A RAS will typically be used as shown in
figure 1 where the nmeter and the marker are the TCMVs proposed in

[ RFC2697] and [ RFC2698] .
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Figure 1. Rate adaptive shaper

The presentation of the rate adaptive shapers in Figure 1 is somewhat
different as described in [ RFC2475] where the shaper is placed after
the meter. The main objective of the shaper is to produce at its
output a traffic that is less bursty than the input traffic, but the
shaper avoids to discard packets in contrast with classical token
bucket based shapers. The shaper itself consists of a tail-drop FIFO

gueue which is enptied at a variable rate. The shaping rate, i.e.
the rate at which the queue is enptied, is a function of the
occupancy of the FIFO queue. |f the queue occupancy increases, the
shaping rate will also increase in order to prevent |oss and too

| arge del ays through the shaper. The shaping rate is also a function
of the average rate of the inconing traffic. The shaper was designed
to be used in conjunction with meters such as the TCMs proposed in

[ RFC2697] and [ RFC2698] .

There are two types of rate adaptive shapers. The single rate rate
adapti ve shaper (srRAS) will typically be used upstream of a srTCM
while the two rates rate adaptive shaper (trRAS) will usually be used
upstreamof a trTCM

2.2. Configuration of the srRAS

The srRAS is configured by specifying four paraneters: the Committed
Informati on Rate (CIR), the Maxi mum Information Rate (MR) and two
buffer thresholds: CIR th (Conmmitted Infornation Rate threshol d) and
MR th (Maxi mum I nformation Rate threshold). The CIR shall be
specified in bytes per second and MJST be configurable. The MR
shall be specified in the sane unit as the CIR and SHOULD be
configurable. To achieve a good performance, the CIR of a srRAS will
usually be set to the sanme value as the CIR of the downstream sr TCM
A typical value for the MR would be the |ine rate of the output |ink
of the shaper. Wen the CIR and optionally the MR are confi gured,
the srRAS MUST ensure that the following relation is verified:
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CR<= MR <=1line rate

The two buffer thresholds, CIR th and MR th shall be specified in
byt es and SHOULD be configurable. |[If these thresholds are
configured, then the srRAS MJST ensure that the follow ng relation
hol ds:

CIRth <= MR th <= buffer size of the shaper

The chosen values for CIR th and MR th will usually depend on the
val ues chosen for CBS and PBS in the downstream srTCM However, this
dependency does not need to be standardi zed.

2.3. Behavior of the srRAS

The output rate of the shaper is based on two factors. The first one
is the (long tern) average rate of the incoming traffic. This
average rate can be conputed by several neans. For exanple, the
function proposed in [Stoica] can be used (i.e. EARnew = [(1-exp(-
T/IK)*L/T] + exp(-T/K)*EARol d where EARol d is the previous val ue of
the Estimated Average Rate, EARnew is the updated value, K a
constant, L the size of the arriving packet and T the ampunt of tinme
since the arrival of the previous packet). Oher averaging functions
can be used as well.

The second factor is the instantaneous occupancy of the FIFO buffer
of the shaper. Wen the buffer occupancy is below CIR th, the output
rate of the shaper is set to the maxi numof the estinmted average
rate (EAR(t)) and the CIR  This ensures that the shaper buffer wll
be enptied at least at a rate equal to CIR  Wen the buffer
occupancy increases above CIR th, the output rate of the shaper is
conmputed as the nmaxi mum of the EAR(t) and a linear function F of the
buf fer occupancy for which F(CIR th)=CIR and F(MR_th)=M R Wen the
buffer occupancy reaches the MR th threshold, the output rate of the
shaper is set to the maxinuminformation rate. The conputation of
the shaping rate is illustrated in figure 2. W expect that rea

i npl ementations will only use an approxi nate function to conpute the
shapi ng rate.
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Figure 2. Conputation of shaping rate for srRAS
2.4. Configuration of the trRAS

The trRAS i s configured by specifying six paranmeters: the Conmitted
Information Rate (CIR), the Peak Information Rate (PIR), the Maxi num
Information Rate (MR) and three buffer thresholds: CIR th, PIR th
and MR th. The CIR shall be specified in bytes per second and MJST
be configurable. To achieve a good perfornance, the CIR of a trRAS
will usually be set at the sane value as the CIR of the downstream
trTCM The PIR shall be specified in the sanme unit as the CIR and
MUST be configurable. To achieve a good performance, the PIR of a
trRAS will usually be set at the same value as the PIR of the
downstreamtrRAS. The M R SHOULD be configurable and shall be
specified in the same unit as the CIR A typical value for the MR
will be the line rate of the output |ink of the shaper. When the
values for CIR, PIR and optionally MR are configured, the trRAS MJST
ensure that the following relation is verified:

CR<=PIR<= MR <=1line rate
The three buffer thresholds, CIR th, PIR th and MR th shall be
specified in bytes and SHOULD be configurable. If these thresholds
are configured, then the trRAS MUST ensure that the foll ow ng
relation is verified:

CIRth <= PIR th <= MR th <= buffer size of the shaper
The CIR_th, PIRth and MR th will usually depend on the val ues

chosen for the CBS and the PBS in the downstreamtrTCM  However,
thi s dependency does not need to be standardi zed.
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2.5. Behavior of the trRAS

The output rate of the trRAS is based on two factors. The first is
the (long tern) average rate of the incomng traffic. This average
rate can be conputed as for the srRAS

The second factor is the instantaneous occupancy of the FIFO buffer
of the shaper. When the buffer occupancy is below CIR th, the output
rate of the shaper is set to the maxi num of the estinmted average
rate (EAR(t)) and the CIR. This ensures that the shaper will always
send traffic at least at the CIR  Wen the buffer occupancy

i ncreases above CIR th, the output rate of the shaper is conputed as
t he maxi mum of the EAR(t) and a piecew se |linear function F of the
buf fer occupancy. This piecew se function can be defined as foll ows.
The first piece is between zero and CIR th where F is equal to CIR
Thi s neans that when the buffer occupancy is below a certain
threshold CIR th, the shaping rate is at least CIR  The second piece
is between CIR th and PIR th where F increases linearly fromCRto
PIR. The third part is fromPIRth to MR th where F increases
linearly fromPIRto the MR and finally when the buffer occupancy is
above MR th, the shaping rate renains constant at the MR  The
conmputation of the shaping rate is illustrated in figure 3. W
expect that real inplenentations will use an approxi mati on of the
function shown in this figure to conpute the shaping rate.

Shaping rate |
I
MR | —=====
| 111
| 111
PIR | 111
| /1
| /1
EAR(t) |---------------- /1
| /1
| /1
C R | ——=——=—=—=—=—=—=—==
I
I
I
[------------ IS B S o e e e e oo >
CIR th PIR th MR th Buffer occupancy

Figure 3. Conputation of shaping rate for trRAS
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3. Description of the green RAS
3.1. The green rate adaptive shapers

The srRAS and the trRAS described in the previous section are not
aware of the status of the nmeter. This entails that a RAS could
unnecessarily delay a packet although there are sufficient tokens
avail able to color the packet green. This delay could nmean that TCP
takes nore tine to increase its congestion wi ndow and this may | ower
the performance with TCP traffic. The green RAS shown in figure 4
solves this problem by coupling the shaper with the neter.

St at us Resul t
Fomm oo oo oo - + o F--mm oo - +
I || I
Vv | ] Vv
S +  ------- + - --- +
I ncom ng | green | | | | | Qut goi ng
Packet ==> RAS |==>| Meter |==> Marker |==>Packet
Stream | | | | | | Stream
S +  ------- + - --- +

Figure 4. green RAS

The two rate adaptive shapers described in section 2 calculate a
shaping rate, which is defined as the maxi num of the esti mated
average incomng data rate and sone function of the buffer occupancy.
Using this shaping rate, the RAS conputes the tinme schedule at which
the packet at the head of the queue of the shaper is to be rel eased.
The main idea of the green RAS is to couple the shaper with the
downstream neter so that the green RAS knows at what tinme the packet
at the head of its queue would be accepted as green by the neter. |If
this tine instant is earlier than the release tinme conputed fromthe
current shaping rate, then the packet can be released at this tine
instant. Qherw se, the packet at the head of the queue of the green
RAS wi |l be released at the time instant calculated fromthe current
shapi ng rate.

3.2. Configuration of the Green single rate Rate Adaptive Shaper
(Gsr RAS)

The G srRAS nust be configured in the same way as the srRAS (see
section 2.2).
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3. 3. Behavior of the G srRAS

First of all, the shaping rate of the GsrRAS is calculated in the
sane way as for the srRAS. Wth the srRAS, this shaping rate
determ nes a tinme schedule, T1, at which the packet at the head of
the queue is to be released fromthe shaper.

A second tine schedule, T2, is calculated as the earliest tine

i nstant at which the packet at the head of the shaper’s queue woul d
be colored as green by the downstream srTCM  Suppose that a packet
of size B bytes is at the head of the shaper and that CIRis the
Conmitted Information Rate of the srTCMin bytes per second. If we
denote the current tinme by t and by Tc(t) the anmobunt of green tokens
in the token bucket of the srTCMat tine t, then T2 is equal to
max(t, t+(B-Tc(t))/CIR). |If Bis larger than CBS, the Conmitted
Burst Size of the srTCM then T2 is set to infinity.

When a packet arrives at the head of the queue of the shaper, it wll
| eave this queue not sooner than mn(T1l, T2) fromthe shaper.

3.4 Configuration of the Green two rates Rate Adaptive Shaper (G trRAS)

The G trRAS nust be configured in the same way as the trRAS (see
section 2.4).

3.5. Behavior of the GtrRAS

First of all, the shaping rate of the GtrRAS is calculated in the
sane way as for the trRAS. Wth the trRAS, this shaping rate
determ nes a tinme schedule, T1, at which the packet at the head of
the queue is to be released fromthe shaper.

A second time schedule, T2, is calculated as the earliest tine

i nstant at which the packet at the head of the shaper’s queue woul d
be colored as green by the downstreamtrTCM Suppose that a packet
of size B bytes is at the head of the shaper and that CIRis the
Conmmitted Informati on Rate of the srTCMin bytes per second. If we
denote the current time by t and by Tc(t) (resp. Tp(t)) the anount of
green (resp. yellow) tokens in the token bucket of the trTCMat tine
t, then T2 is equal to max(t, t+(B-Tc(t))/CARt+(B-Tp(t))/PIR. If B
is larger than CBS, the committed burst size, or PBS, the peak burst
size, of the srTCM then T2 is set to infinity.

When a packet arrives at the head of the queue of the shaper, it wll
| eave this queue not sooner than mn(T1l, T2) fromthe shaper.
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4. Assunption

The shapers discussed in this docunent assune that the I|nternet
traffic is dom nated by protocols such as TCP that react
appropriately to congestion by decreasing their transmission rate.

The proposed shapers do not provide a performance gain if the traffic
i s conposed of protocols that do not react to congestion by
decreasing their transnission rate.

5. Exampl e services

The shapers discussed in this docunent can be used where the TCMs
proposed in [ RFC2697] and [ RFC2698] are used. In fact, simulations
briefly discussed in Appendi x A show that the performance of TCP can
be i nproved when a rate adaptive shaper is used upstreamof a TCM

We expect such rate adaptive shapers to be particularly useful at the
edge of the network, for exanple inside (small) access routers or
even network adapters.

6. The rate adaptive shaper conbi ned with other markers

Thi s docunent explains how the idea of a rate adaptive shaper can be
conbined with the srTCM and the trTCM This resulted in the srRAS
and the G srRAS for the srTCMand in the trRAS and the GtrRAS for
the trTCM Sinilar adaptive shapers could be devel oped to support
other traffic markers such as the Tine Sliding Wndow Three Col or
Mar ker (TSWICM [Fang]. However, the exact definition of such new
adapti ve shapers and their perfornance is outside the scope of this
docunent .

7. Security Considerations

The shapers described in this docunment have no known security
concerns.

8. Intellectual Property Rights
The | ETF has been notified of intellectual property rights claimed in
regard to sone or all of the specification contained in this
docunent. For nore information consult the online list of clained
rights.
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Appendi x

A

Sinmul ation results

We briefly discuss sinmulations showi ng the benefits of the proposed
shapers in sinple network environnents. Additional sinmulation results
may be found in [ Cnodder].

A. 1 description of the nodel

To evaluate the rate adaptive shaper through sinulations, we use the
sinpl e network nodel depicted in Figure A/1. In this network, we
consi der that a backbone network is used to provide a LAN

I nt erconnection service to ten pairs of LANs. Each LAN corresponds
to an uncongested switched 10 Mops LAN with ten workstations attached
to a custoner router (Cl1-Cl0 in figure A 1l). The delay on the LAN
links is set to 1 msec. The MSS size of the workstations is set to
1460 bytes. The workstations on the |eft hand side of the figure
send traffic to conpani on workstations |ocated on the right hand side
of the figure. Al traffic fromthe LAN attached to custoner router
Cl is sent to the LAN attached to customer router C1'. There are ten
wor kst ations on each LAN and each workstation inplenments SACK- TCP
with a maxi rum wi ndow si ze of 64 KByt es.
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Figure A 1. the sinulation nodel

The custoner routers are connected with 34 Mips links to the backbone
network which is, in our case, conposed of a single bottleneck 70
Mops |ink between the edge routers ER1 and ER2. The delay on all the
cust oner-edge 34 Mops |inks has been set to 2.5 nsec to nodel a MAN
or small WAN environnent. These |inks and the custoner routers are
not a bottleneck in our environnent and no | osses occurs inside the
edge routers. The custoner routers are equipped with a trTCM

[ Hei nanen2] and mark the incomng traffic. The paraneters of the
trTCM are shown in table A1
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Table A 1: configurations of the trTCMs

Rout er CR PI R Li ne Rate
c1 2 Mops 4 Mops 34 Mops
c2 4 Mops 8 Mops 34 Mops
c3 6 Mops 12 Mops 34 Mops
07! 8 Mops 16 Mops 34 Mops
c5 10 Mops 20 Mops 34 Mops
(6] 2 Mops 4 Mops 34 Mops
c7 4 Mops 8 Mops 34 Mops
c8 6 Mops 12 Mops 34 Mops
(0] 8 Mops 16 Mops 34 Mops
C10 10 Mops 20 Mops 34 Mops

Al'l custoner routers are equipped with a trTCMwhere the CIR are 2
Mops for router CL and C6, 4 Mips for C2 and C7, 6 Mps for C3 and
C8, 8 Mips for C4 and C9 and 10 Mops for C5 and Cl10. Routers C6-Cl10
al so contain a trRAS in addition to the trTCMwhile routers Cl-C5
only contain a trTCM In all sinmulations, the PIR is always tw ce as
large as the CIR Also the PBS is the double of the CBS. The CBS
will be varied in the different sinulation runs.

The edge routers, ER1 and ER2, are connected with a 70 Mips |ink
which is the bottleneck Iink in our environment. These two routers

i nplement the RIO algorithm [C ark] that we have extended to support
three drop priorities instead of two. The thresholds of the
paraneters are 100 and 200 packets (nininum and maxi mum t hreshol d,
respectively) for the red packets, 200 and 400 packets for the yell ow
packets and 400 and 800 for the green packets. These thresholds are
reasonabl e since there are 100 TCP connections crossing each edge
router. The paranmeter naxp of RIO for green, yellow and red are
respectively set to 0.02, 0.05, and 0.1. The weight to calculate the
average queue length which is used by RED or RIOis set to 0.002

[ Fl oyd] .

The sinmulated tinme is set to 102 seconds where the first two seconds
are not used to gather TCP statistics (the so-called warmup tine)
such as goodput .

A.2 Sinulation results for the trRAS

For our first sinulations, we consider that routers Cl1-C5 only
utilize a trTCMwhile routers C6-Cl0 utilize a rate adaptive shaper
in conjunction with a trTCM All routers use a CBS of 3 KBytes. In
table A 2, we show the total throughput achieved by the workstations
attached to each LAN as well as the total throughput for the green
and the yell ow packets as a function of the CIR of the trTCM used on
the customer router attached to this LAN. The throughput of the red
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packets is equal to the difference between the total traffic and the
green and the yellow traffic. In table A 3, we show the tota

t hr oughput achi eved by the workstations attached to customer routers
with a rate adaptive shaper.

Table A 2: throughput in Mps for the unshaped traffic.

green yel | ow t ot al
2Mops [ Cl1] 1.10 0.93 2.25
4Mops [ C2] 2.57 1.80 4.55
6Mops [ C3] 4.10 2.12 6. 39
8Mops [ 4] 5.88 2.32 8.33
10Mops [ C5] 7.57 2. 37 10.0

Table A 3: throughput in Mps for the adaptively shaped

traffic.

green yel | ow t ot al
2Mops [ C6] 2.00 1.69 3.71
4Mops [ C7] 3.97 2.34 6. 33
6Mops [ C8] 5.93 2.23 8.17
8Mops [ C9] 7.84 2.28 10.1
10Mops [Cl0] 9.77 2. 14 11.9

This first sinmulation shows clearly that the workstations attached to
an edge router with a rate adaptive shaper have a cl ear advant age,
froma performance point of view, with respect to workstations
attached to an edge router with only a trTCM The performance

i nprovenent is the result of the higher proportion of packets marked
as green by the edge routers when the rate adaptive shaper is used.

To evaluate the inpact of the CBS on the TCP goodput, we did
addi tional simulations were we varied the CBS of all custoner
routers.

Table A 4 shows the total goodput for workstations attached to,
respectively, routers CL (trTCMwith 2 Mips CIR no adaptive
shaping), C6 (trRAS with 2 Mips CIR and adaptive shaping), C3 (trTCM
with 6 Mops CIR, no adaptive shaping), and C8 (trRAS with 6 Mips CIR
and adaptive shaping) for various values of the CBS. Fromthis
table, it is clear that the rate adaptive shapers provide a
perfornmance benefit when the CBS is small. Wth a very |arge CBS,

t he performance decreases when the shaper is in use. However, a CBS
of a few hundred KBytes is probably too large in many environnents.
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Table A 4: goodput in Mps (link rate is 70 Mops) versus CBS

i n KBytes.

CBS 2_Mbops_unsh 2_Mops_sh 6_Mops_unsh 6_Mops_sh
3 1.88 3.49 5.91 7.77
10 2.97 2.91 6.76 7.08
25 3.14 2.78 7.07 6.73
50 3.12 2. 67 7.20 6. 64
75 3.18 2.56 7.08 6. 58
100 3.20 2. 64 7.00 6.62
150 3.21 2.54 7.11 6. 52
200 3.26 2.57 7.07 6.53
300 3.19 2.53 7.13 6. 49
400 3.13 2.48 7.18 6.43

A.3 Sinulation results for the G een trRAS

We use the sane scenario as in A 2 but now we use the Green trRAS
(G trRAS).

Table A5 and Table A 6 show the results of the same scenario as for
Table A. 2 and Table A 3 but the shaper is nowthe GtrRAS. W see
that the shaped traffic perforns again nuch better, also conpared to
the previous case (i.e. where the trRAS was used). This is because
the amount of yellow traffic increases with the expense of a slight
decrease in the anmount of green traffic. This can be expl ai ned by
the fact that the G trRAS introduces sone burstiness.

Tabl e A 5: throughput in Mps for the unshaped traffic.

green yel | ow t ot al
2Mops [ C1] 1.10 0.95 2.26
4Mops [ C2] 2.41 1. 66 4.24
6Mops [ C3] 3.94 1.97 6. 07
8Mops [ C4] 5.72 2.13 7.96
10Mops [ C5] 7.25 2.29 9. 64
Table A 6: throughput in Mps for the adaptively shaped
traffic.

green yel | ow t ot al
2Mops [ O8] 1.92 1.75 3.77
4Mops [ C7] 3.79 3.24 7.05
6Mops [ C8] 5.35 3.62 8.97
8Mops [ C9] 6. 96 3.48 10. 4
10Mops [C10] 8.69 3.06 11.7

The inmpact of the CBS is shown in Table A 7 which is the sane
scenario as Table A.4 with the only difference that the shaper is now
the GtrRAS. W see that the shaped traffic perforns nuch better
than the unshaped traffic when the CBS is snmall. Wen the CBS is
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| arge, the shaped and unshaped traffic perfornms nore or less the
sane. This is in contrast with the trRAS, where the perfornmance of
the shaped traffic was slightly worse in case of a |arge CBS.

Table A 7: goodput in Mps (link rate is 70 Mips) versus CBS

i n KByt es.
CBS 2_Mbops_unsh 2_Mops_sh 6_Mops_unsh 6_Mops_sh
3 1.90 3.44 5.62 8. 44
10 2.95 3.30 6.70 7.20
25 2.98 3.01 7.03 6.93
50 3.06 2.85 6.81 6.84
75 3.08 2.80 6.87 6. 96
100 2.99 2.78 6. 85 6. 88
150 2.98 2.70 6. 80 6.81
200 2.96 2.70 6. 82 6. 97
300 2.94 2.70 6.83 6. 86
400 2.86 2.62 6.83 6.84

A. 4 Concl usion sinul ati ons

From these sinulations, we see that the shaped traffic has nuch

hi gher throughput conpared to the unshaped traffic when the CBS was
small. Wen the CBS is |large, the shaped traffic perforns slightly
| ess than the unshaped traffic due to the delay in the shaper. The
G trRAS solves this problem Additional sinulation results may be

found in [ Chodder]
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