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Abstract
High-speed routers use a packet buffer which provides services 
like multiple queues, large capacity and fast answers. SRAM/
DRAM hierarchical buffer architectures could meet the 
problems as suggested by some researchers. These architectures 
have problem of either large SRAM requirement or high time-
complexity in the memory management.  Salable, efficient, and 
novel distributed packet buffer architecture has been proposed 
in this paper. The basic issues that need to be finalized to make 
architecture workable are:1) minimization of overhead of an 
individual packet buffer: and 2) design of scalable packet buffers 
using independent buffer subsystems. We solve these problems by 
developing a good compact buffer which reduces SRAM buffer 
which reduces SRAM size requirement by (k-1)/k. Further, we 
design a reasonable method of  Coordinating multiple subsystems 
with a load-balancing algorithm which maximizes overall system 
performance. Both theoretical analysis and experimental results 
demonstrate that our load-balancing algorithm and the distributed 
packet buffer architecture can easily scale to meet the buffering 
needs of high bandwidth links and satisfy the requirements of 
scale and support for multiple queues.
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I. Introduction
Internet routers play a crucial role in sustaining growth of 
communication bandwidth by being able to switch packets 
extremely fast. This requires sophisticated packet switching and 
buffering techniques. Development of Packet buffers is required 
to support large capacity, multiple queues, and provide short 
response times.
The router buffer sizing is still an open issue. The traditional rule of 
thumb for Internet routers states that the routers should be capable 
of buffering RTT_R data, where RTT is a round-trip time for flows 
passing through the router, and R is the line rate. In the author 
claimed that the size of buffers in backbone routers can be made 
very small at the expense of a small loss in throughput. Focusing on 
the performance of individual TCP flows, the author claimed in that 
the output/input capacity ratio at a network link largely determines 
the required buffer size. If the output/input capacity ratio is lower 
than one, the loss rate follows a power-law reduction with the 
buffer size and significant buffering is needed. Given everlasting 
controversy, nowadays, routers manufacturers still seem to favor 
the use of large buffers. For instance, the Cisco CRS-1 modular 
service card with a 40 Gbps line rate incorporates a 2 GB packet 
buffer memory per line card .In order to support fine-grained IP 
quality of service (QoS) requirements, nowadays, a packet buffer 
usually maintains thousands of queues. For example, the Juniper 
E-series routers maintain as many as 64,000 queues. Given the 
increasing popularity of Open Flow, a packet buffer that supports 
millions of queues is always desired. Furthermore, a packet buffer 
should be capable of sustaining continuous data streams for both 
ingress and egress. With the ever-increasing line rate, current 
available memory technologies, namely SRAM or DRAM alone 
cannot simultaneously satisfy these three requirements. This 
prompted researchers to suggest hybrid SRAM/DRAM (HSD) 

architecture with a single DRAM, interleaved DRAMs or parallel 
DRAMs sandwiched between SRAMs. In this paper, we briefly 
review previous work on packet buffer architectures and present 
scalable and efficient hierarchical packet buffer architecture. 
This is our first attempt to combine the merits of two previously 
published packet buffer architectures consequently; the SRAM 
occupancy has been significantly reduced. By fully exploring 
the advantage of parallel DRAMs, we first propose a memory 
management algorithm (MMA) called Random Round Robin 
(RRR). Thereafter, we devise a “traffic-aware” approach which 
aims to provide different services for different types of data 
streams. This approach further reduces the system overhead. 
Both mathematical analysis and simulation demonstrate that 
the proposed architecture together with its algorithm reduce 
the overall SRAM requirement significantly while providing 
guaranteed performance in terms of low time  complexity, upper 
bounded drop rate, and uniform allocation of resources. In one 
simulation, the proposed architecture reduces the size of SRAM 
by more than 95 percent and the maximal delay is only us-level, 
when the traffic intensity is 76 percent.
Current SRAM and DRAM cannot individually meet the access 
time and capacity requirements of router buffers. While SRAM is 
fast enough with an access time of around 2.5 ns [28], its largest 
size is limited by current technologies to only a few MB. On the 
other hand, a DRAM can be built with large capacity, but the 
typical memory access time (i.e., T RC 1) is too large, around 40 
ns [28]. Over the last decade, the DRAM memory access time 
decreases by only 10 percent every 18 months [15]. In contrast, 
as the line-rate increases by 100 percent every 18 months [20], 
DRAM will fall further behind in satisfying the requirements of 
high-speed buffers.
Given a DRAM family, in order to keep the DRAM modules busy, 
we need to transfer a minimum size chunk (it is also called as block 
in [27]) of data into it to effectively utilize the bandwidth provided 
by the DRAM module. Large memory access time of DRAM 
requires the system to read/write data from/to any memory address 
for at least T time units [27]. According to our investigation, the 
current chunk size of DRAMs could range from 64 to 320 Bytes. 
RC 2 However, given much higher price and smaller capacity of 
low latency DRAM products, nowadays, high latency DRAM 
products such as the DDR3 actually dominates the market [8], 
[25], was making the typical chunk size become 320 Bytes.

II. SRAM/DRAM Architecture
As shown in the basic hybrid SRAM/DRAM architecture with 
one DRAM sandwiched between two smaller SRAM memories, 
where the two SRAMs hold heads and tails of all the queues and 
the DRAM maintains the middle part of the queues. S(uffling 
packets between the SRAM and the DRAM is under the control 
of a memory management algorithm. In [27], the authors further 
suggested that the size of the tail SRAM can be further reduced 
to Qðb  1Þ by introducing a pipeline design. They also introduced 
also- called the Earliest Critical Queue First (ECQF)-MMA for 
the egress, which reduces the size of head SRAM to Q (b-1). By 
introducing an extra delay the ECQFMMA now predicts the most 
critical queue and fetches the corresponding b-size chunk of data 
from the DRAM in advance. 
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Wang and Hamdi [9] further suggested that the tail buffer can 
be implemented using k distributed SRAMs, which is easier to 
implement in practice. With per queue Round-Robin, the out-of-
sequence problem is solved. However, the high time complexity 
in finding the maximum matching remains. 
Use SRAM (Static RAM): SRAM is much faster than DRAM, and 
tracks the speed of ASIC logic. Today, commercial SRAMs are 
available with access times below 4ns [6], which is fast enough 
for a 40Gb/s packet buffer. Unfortunately, SRAMs are small, 
expensive and power-hungry. To buffer packets for 100ms in a 
40Gb/s router would require 500Mbytes of buffer, which means 
more than 100 SRAM devices, consuming over 500W! SRAM is 
therefore used only in switches with very small buffers. 

III. Distributed Scalable Packet Buffer Architecture
When the backlogged cells reside in the tail cache are finally 
released, it creates a burst which causes a sudden buildup in the 
inner-front-buffers. Because of space limitations, we only show 
the simulation results with the uniform traffic as it is the most 
rigorous traffic pattern for the proposed Scalable compact buffer 
architecture.
The distributed scalable packet buffer is implemented as a 
composition of multiple compact packet buffers, such a distributed 
system where k independent packet buffers work together providing 
increasing performance but at a linearly increasing scale needs 
to be designed. 

Fig. 1: Distributed Scalable Packet Buffer Architecture

IV. Load Balancing Algorithm
It is clear that any logical queue can only possess no more 
than three serving states at any time, i.e., at most two turning 
points. This helps the system minimize the overhead of state 
maintenance. Based on the statement above, we devise a load 
balancing-Algorithm. The pseudo code of our algorithm is shown 
below. The algorithm is naturally separated into three tasks that are 
implemented at the distributor, compact packet buffer subsystem, 
and the aggregator, respectively. The tasks communicate with 
each other through the centralized queue table. Here, are some 
typical behaviors of the load-balancing algorithm. Whenever the 
first cell of a new logical queue arrives, the distributor maps it to a 
subsystem that is currently the lightest loaded. For this new logical 
queue, the destination subsystem reserves an empty physical queue 
and updates the queue table and   changes the state of this logical 
queue from “unallocated” to “small.” 

Fig. 2: Load -Balancing Algorithm

The diverting can be achieved by randomly changing the state 
of any new arrival cells to “large-small” if it is originally served 
as “small.” To be more precise, the subsystem will still accept 
any new cells. But if the new arrival cells belongs to a logical 
queue which is originally served by this subsystem only (i.e., its 
state is “small”), the subsystem will mark the cell, and update 
the queue table by changing its corresponding state from “small” 
to “large-small.” At the ingress, if the serving state of a logical 
queue is changed to “large,” the cells of this logical queue will be 
dispatched to all subsystems in a per-flow round-robin manner.

V. Performance Analysis and Simulation Study 
We present a detailed analysis showing that the proposed compact 
buffer design provides a guaranteed performance in terms of an 
upper bounded delay and drop rate, when a small speedup factor 
is provided. 
Since the signal transferring delay between SRAMs and DRAMs 
depends on the design of specific circuit board, we omit it in this 
paper. This assumption applies for both mathematical analysis and 
simulation unless otherwise stated. Therefore, the overall delay 
of the proposed system in real-life has to be slightly higher than 
that of derived in this paper, e.g., less than 10TRC.
As a tradeoff between storage and uniform allocation of incoming 
traffic, the RRR adopts a fast batch load scheme that may lead 
to a short-term unbalanced traffic allocation among DRAMs. 
However, for a specific single queue, the RRR guarantees the traffic 
allocation gap between any pair of DRAMs to be no more than 
b ,as kb -size data of each queue is always uniformly distributed 
among k DRAMs. Given a finite depth of the inner-front-buffers, 
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it provides the system with a fixed time window that allows an 
unbalanced traffic to be temporarily buffered.
Based on the worst case, we assume that the buffer time window 
is so small that none of the queues has the chance to spread their 
traffic among multiple DRAMs. In other words, if the queue does 
contribute some traffic in a small time window, it always contributes 
exactly one b -sized chunk to a single DRAM that results in the 
most unbalanced traffic allocation. Further considering the random 
sequence generated by the RRR, the proposed architecture can 
be modeled as k independently and identically distributed finite 
capacity M/D/ /n queuing systems. 
Proposition. The traffic intensity of each queue is defined as . Let 
Q be the random variable of Qi:=Q(ti),where Q(ti) denotes the 
number of the chucks in the inner-front-buffer  at time of ti Given 
all the parameters including the maximum buffer depth of n , the 
loss probability at a queue can be computed as follows:

Vi. Experimental Results
Since there are four subsystems, for each time slot, 3.6 cells on 
average can be generated depending on the traffic intensity. To be 
more specific, for each time slot, there are at most four cells that 
can be generated where each of them is generated with a maximal 
probability of 90 percent. In this way, we satisfy the extra (1/0.9) 
speedup of the cut. 

Fig. 3: Buffer Initialization

We must clarify that “3.6 cells per time slot” is the maximal traffic 
intensity that system allows, which can be regarded as 81 percent 
traffic intensity, when the speedup inside a compact buffer is taken 
into consideration.

Fig. 4: System Monitoring

Meanwhile, in order to observe the dynamic behavior of the entire 
system, the simulations are always separated into three phases.

Fig 5. simulated buffer

Assume the simulation lasts for X time slots, there is only input 
without output where cells are backlogged. In this way, we can 
create an initial backlog and also simulate the situation when the 
congestion happens.

Fig. 6: Monitoring Phase 2

Fig. 7: Final IDS Detection

VI. Conclusion and Future Work
Building packet buffers based on a hybrid SRAM/DRAM 
architecture while introducing minimum overhead is the major 
issue discussed in this paper. To distinctly increase the throughput 
and storage capacity of a packet buffer, a parallel mechanism using 
multiple DRAM chips should be deployed. Our analysis shows 
that previous algorithms make very little effects in exploring the 
advantage of parallel DRAMs leading to the requirement of large 
size SRAM and high time complexity in memory management. 



IJCST Vol. 4, ISSue 3, July - SepT 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  433

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

In this paper, we present novel packet buffer architecture by 
using both fast batch load scheme and a hierarchal distributed 
structure. It reduces the requirement of SRAM size greatly. Both 
mathematical analysis and simulation results indicate that the 
proposed architecture provides guaranteed performance in terms 
of the low time complexity, short access delay, 
And upper bounded drop rate, when a small speedup is provided. In 
future, Designing distributed packet buffers along with bandwidth 
recycling which focuses on increasing the bandwidth utilization 
by utilizing the unused bandwidth. Bandwidth Recycling, which 
recycles the unused bandwidth while keeping the same QoS 
guaranteed services without introducing extra delay 
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