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Abstract—In today’s IP network, the Best-Effort service is Whate DM% ;
provided mainly. However, it has trouble realizing QoS guar- Weon > | Ac : Addition
antee for each flow. Therefore, routers need to equip control [/ — & M : Multiplication
mechanism which can provide high-speed and high-scalability. Whase /Rand‘,L, D¢ : Division
So far, we have proposed a new buffer management scheme, «—Ac+Mc+Dc+1—

called DMFQ (Dual Metrics Fair Queueing), whose throughput

is 6.8 Gbps. However, DMFQ will be required to adapt to 10 Gbps

Ethernet. Moreover, DMFQ has not performed experiments in  Whereg,,,, iS the average queue length atidis the buffer

real networks yet and it is unclear its behavior on operations. threshold. By calculatind® with not W,,,,. directly butWj,.,

In this paper, we extend DMFQ to achieve 10 Gbps throughput pMFEQ can use the buffer effectively.

and verify its feasibility in real networks. To implement DMFQ with hardware, DMFQ has some
|. INTRODUCTION technical issues and solutions.

Recently, the realization of QoS guarantees becomes arne calculations related to the average vallis,,., W/,
very important technical issue on IP network. As one of thWavry Wiese and gaor, are carried out independently of
solutions, congestion controls in a router, called Active Queuge normal processing of arrival packets. Moreover, in the
Management (AQM), have received some attention. DMFQ, R is set so as to calculaté’,... by shift operation.

So far, we have proposed a flow-based AQM, called Duathys, DMFQ can calculatdV, ... with not a multiplication
Metrics Fair Queueing (DMFQ)[1], [2], to improve faimessgperation but a shift operation that usually requires only
and to guarantee QoS. DMFQ discards arrival packets cofigiock. In addition, DMFQ compared” with W,/ Rand
sidering both the arrival rate and the flow succession time g§ gecide packet discard, wheRand means random number
instantaneous and historical conditions, respectively. in [0,1]. This corresponds to Eq.(3Wjasc/Rand andWW can

DMFQ calculates a packet discard probability by using thge calculated in parallel.
coefficient of the arrival ratelV,...., and the one of the flow |t js assumed that the computing of addition, multiplication
succession timelVe,,. SimultaneouslylV;,,. andW(,, are and division requiresAc(=1), Mc(=2) and Do(=4) clock
used as their average value within the class. DMFQ calculatggriods, respectively. With the above solutions, the operation
Whrate Dy using Time Sliding Window (TSW)[3] an®eor  time required is fc + Mc + D + 1)(=8) clocks, as shown
by using the value of the counte&rs which indicates flow i Fig. 1. This is very effective for high-speed operation.

Fig. 1. The packet arrival process in DMFQ

succession time as Eq. (1). _ DMFQ has already been implemented and synthesized by
Wate — Wiate - Re +pkt*5”€’ Woon =Cs (1) the Synopsys Design Compiler[4]. As a result, DMFQ realizes
- now — Ty + R, o the maximum link speed of approximately 6.8 Gbps. However,

where R, is the time window,pkt_size is the arrival packet DMFQ does not have the throughput adaptable to 10 Gbps

size,now is the arrival time of the packet, afg is the arrival  Ethernet, which will spread in the future. Thus, DMFQ will
time of the last packet. Applying these coefficients, DMFQye hottleneck in the future network.

calculates the flow coefficied’ and its average valud’,,,.. Il. THE EXTENDED DMFQ

W = Wrate  Weons  Wapr = Wiape - W ) In this paper, we extend DMFQ to achieve 10 Gbps through-

. S put by simplifying bottleneck process, calculation 16f. ;..
The packet discard probability is calculated by compatifig {n the extended DMFQ, we introduce the calculation interval

with W,,.., which enables DMFQ to discard an arrival packe f Wrase, Tr. The extended DMFQ calculatds,,, every

considering both the amount of instantaneous and historical
9 and uses lastly calculatédl’..;. value (the latest value) at

. R
condition of the flow. DMFQ calculate® by Eq. (3). packet arrival. Thus, the extended DMFQ can readl®i;.

/
P = { 0 (Wraze < WT,‘“S) (3) as the calculated value and can make the calculation process
max [0,1 = Woase/ W] (Wrate = Wiare) easier. Moreover, not only’r but alsoservice_rate and R¢
Note thatW,s. is the standard value for comparison ancyre set-up parameters. Thus, the extended DMFQ calculates
calculated as Eq. (4). W!,.. with these value as a shift operation. It is efficient to

Whiase = Waur - th/qavr (4) alleviate the process on updatimi ...
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Concretely, the extended DMFQ calculai&s, ;. everyTr  experiment results are the sample mean of 10 experiments
as Eq. (5), and calculatd®’/ ;. as Eq.(6). whose experiment time is 60s.
Wirate < Wiate X Re + total_pkt_size (5) We compare the performance of the extended DMFQ with
W/,,. = service_rate x (R, + Tr)/Fact (6) Drop-Tail. Parameters are set as follows; = 100[ms],

_ R _ 9—10
wheretotal_packet_size is the total size of arrival packets of Tc = 5.0[s], ,CDm = 2, ,TR =2 _[S]' We evaluate the
performance in the following scenarios.

each flow duringl'r interval. With the above calculation, the S : - Th Rl 9 i
extended DMFQ can achieve both the quick process at packet™ cenariol> : The source (6 =0,---,2) generate tra Ic
arrival and the performance equivalent to DMFQ. at Constant Bit Rate (CBR) of 40, 70, 100 Mbps, respectively.

The extended DMFQ should calculate ex#ét,;. quickly. <Scenario2> : The source (i = 0, 1) generate UDP traffic
However, we assume that multiple management tables a%C.BR of 100 Mbps. Thg source2 genera}tes TcP ftrafflc.
Figure 4 shows normalized throughput in Scenariol. From

implemented in the memory, and the extended DMFQ 4 .4, Drop-Tail can not assign the fair share rate. In contrast,

access the element of only one flow per access of each tatﬂ]é extended DMFQ can assign the bandwidth fairly

We introduce “slot” which is the fixed size division afy. : . . .
The extended DMFQ calculat&g,.,;. for one flow in one slot Figure 5 ShOWS. normalized throughput N Scenario2. In the
rate case of Drop-Tail, Flow0 and Flowl which generate burst

and always calculate§’.... for the flow at the corresponding UDP traffic occupy all bandwidth. On the other hand, the

slot location. ThenW,..;. for each flow is calculated every - .
Tr exactly, because the extended DMFQ can always calcula étended DMFQ can assign some bandwidth to Flow2. The

W, . of the flow with . To calculate more exadl,,.. extended DM_FQ still assigns higher throughput to Flow0O and
Flowl than fair share rate. Because, when there are no packets

Tr should be set shorter value. However, the extended DMF, . )

: belonging to Flow2 (TCP flow) in the buffer, the extended
can not calculatéV,..,. of many flows in shorfl’s. Thus, the .

i DMFQ calculates fair share rate as 50 Mbps for Flow0O and
extended DMFQ calculated’,..;. for fixed number of flows
in one slot with parallel arithmetic units and memaories Thié:lOWl’ and works for the rate.
leads to both exgdtV calculation and the mana emént of The above results show that the extended DMFQ can

rate 9 provide the fairness while achieving the high throughput.

many rov_vs. _ IV. CONCLUSION
According to the above solution, the extended DMFQ can In this paper, we extended DMFQ, to achieve 10 Gbps by

perform packet arrival process félc(=4) clocks as shown in giminating its bottleneck process. This leads to the adaptation
Fig.2. Moreover, the extended DMFQ achieves both the exag{ f,tre broadband networks e.g., 10 Gbps Ethernet. More-

derivation of W4, and the management of many flows. e \we confirmed its behavior and effectiveness from the
We implemented and synthesized the extended DMFQ. Age\ynoint of fairness in the real network. Future work includes

aresult, th_e extended DMFQ fea”_zefj the maximum link spegfl, e pyffer management scheme considering not only the
of approximately 10.2Gbps. This is adaptable to 10 Gbpg-p layer but higher layer.
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