
ABSTRACT

SURYANARAYANAN, DEEPAK. A Methodology for Study of Network Processing

Architectures. (Under the direction of Dr.Gregory T Byrd.)

A new class of processors has recently emerged that encompasses programmable ASICs and

microprocessors that can implement adaptive network services. This class of devices is collec-

tively known as Network Processors (NP). NPs leverage the flexibility of software solutions with

the high performance of custom hardware. With the development of such sophisticated hardware,

there is a need for a holistic methodology that can facilitate study of Network Processors and their

performance with different networking applications and traffic conditions. This thesis describes

the development of Component Network Simulator (ComNetSim) that is based on such a tech-

nique. The simulator demonstrates the implementation of Diffserv applications on a Network

Processor architecture and the performance of the system under different network traffic condi-

tions.
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Chapter 1 Introduction

1.1 Network Processing

The Internet continues to grow, changing the way we live, work and play everyday in more ways

than we could imagine possible. From its genesis as a small network used for exchanging data

within the university systems [1], the Internet has grown into a massive worldwide network that

links together a significant percentage of the world’s populations.

The continued evolution of the Internet has posed great challenges to its designers.  Even as the

Internet grows wider and reaches more people, the pipes that carry the data within the network

have scaled.  Large amounts of data have to be processed at very high speeds to prevent the

nodes from becoming bottlenecks. The development of sophisticated network hardware that op-

erates at the nodes has kept up with this requirement through innovations in microarchitecture,

hardware design and semiconductor fabrication processes. These devices are architected to be

parallel and pipelined to maximize throughput necessary for network processing. They are re-

ferred to as being wirespeed capable and herald a general class of architectures for network

processing.

With the maturing of the Internet, focus on providing advanced services has increased. Networks

can no longer just provide a conduit for data, they need sufficient intelligence to provide guaran-

tees to its users, on issues such as reliability, latency and sequential delivery. Reliability in a net-

work is a measure of the assurance that a datagram will reach its destination. Latency is the de-

lay such a datagram may encounter from its source to destination and a related property jitter, is

a measure of its variation. Sequential delivery relates to receipt of datagrams in the order they

were transmitted. These guarantees are a prerequisite for advanced applications to be practica-

ble; for example voice calls on the Internet would not become widespread unless the service
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quality of such calls approached that provided by a traditional telephone network. Such service

quality cannot be achieved without a network that is capable of providing the service guarantees

cited. Quality of Service (QoS) summarizes the issues of reliability and delay guarantees that a

network provides to its users.

Architectures for Network Processing and their use in solving QoS issues are the focus of this

thesis. Network processors implement applications including those that provide QoS.  Several

frameworks have been proposed as initiatives for providing QoS in the Internet and the Differenti-

ated Services (Diffserv) [2] is one such scheme. This thesis delves in to the concept and applica-

tion of Network Processors. A simulator built for this purpose, ComNetSim, implements a set of

Diffserv applications on a network processing framework. This simulator introduces a methodol-

Access

Edge
Core

Figure 1 Simplifying the network
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ogy for study that explores the interaction between traffic vectors, applications and the platforms

used for implementation.

The remainder of this thesis is organized as follows. The remainder of this chapter describes the

concept of a network processor and a few representative architectures are summarized. The Diff-

serv architecture is introduced and its relevance to this thesis is discussed. In Chapter 2, the mo-

tives for development of the simulator are discussed and in Chapter 3 the design and functionality

of the simulator are presented. The use of the simulator in studying network hardware is demon-

strated in Chapter 4 and results obtained are discussed. In Chapter 5, future scope and exten-

sions to this work are proposed.

1.2 Network Processors

1.2.1 The Need for Network Processors

A simplified picture of the Internet divides the network into core, access and edge [figure 1.1]. At

the core are high-speed pipes carrying large amounts of data with current generation equipment

having processing speeds of OC192 (10 Gbps). The nodes linking up to form the core implement

rudimentary services – routing, tag-switching and access control. The edge segment of the net-

work forms the ingress and egress to the core. Services at the edge are complex and run at me-

dium to high speeds. Services at this point include routing, switching, netflow, access control and

QoS features. The access portion of the network covers all the delivery points of the Internet. The

end user accesses the Internet through campus networks, broadband connections and dialup

lines. In this portion of the Internet, there are several different protocols and base technologies

interoperating with one another at relatively low speeds.

Given that the Internet is such a tangled web with its nodes having complex and extreme per-

formance requirements, advanced hardware that fulfills these needs has forever been a neces-
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sity.  Conventionally, custom-designed hardware fulfilled this need, but this approach has its de-

merits, including a costly development process, long design pipelines and inflexibility once pro-

duced. Evolving services demand flexibility and scalability that only general purpose processors

can offer. These off the shelf processors designed for an entirely different space are too generic

to implement networking services at high speeds. Network Processors have emerged from this

quagmire as a new category of programmable hardware devices that leverages the best of both

of these approaches for implementing high performance networking services.

There are many approaches to the design of network processors, but the goals are very similar.

The common aim is to provide a programmable platform with a feature set that is sensitive to

network specific operations and has high memory bandwidth. These also try to provide a high

degree of parallelism to increase processing throughput.

In the following sections, a few network-processing architectures are briefly surveyed. The proc-

essors discussed have several common features. The most significant, is the use of a multiproc-

essor framework. In addition, each of the processors has a modified Instruction Set Architecture

(ISA) and implement atomic memory operations. While the IBM NP[3] and Intel IX1200[4] Proc-

essors leverage processor cores available off the shelf with custom designed processing ele-

ments, the Cisco Toaster NP[5] takes an entirely customized approach throughout. Between the

IBM NP and Intel IX1200, the difference in their overall approach to the problem is significant.

While the IBM NP provides hardwired queuing functions, protocol specific units, the IX1200 is

more generic like the Toaster.

1.2.2 The IBM Network Processor
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Figure 1.2 IBM Network Processor

The IBM Network Processor [figure 1.2] consists of 16 internal protocol processors managed by

an IBM PowerPC core. It has two high speed Data Aligned Serial Links (DASL) that allows inter-

processor communication in a multi-processor environment. The core of the NP is a complex of

16 Protocol Processors. The Protocol Processors are paired and each pair utilizes a set of seven

assisting coprocessors. Each of the protocol processors makes use of a three stage fetch, de-

code and execute pipeline, general purpose registers, special purpose registers, eight entry 16

word instruction cache, dedicated ALU and coprocessors.
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The coprocessors are special purpose units whose functionality is hardwired, unlike the pro-

grammable Protocol Processors. The data store coprocessor allows DMA functionality by inter-

facing between the Protocol Processors and the Enqueue/Dequeue/Scheduling (EDS) units on

both sides. The checksum coprocessor is used to calculate checksums.  The interface coproces-

sor interfaces between the internal registers, counters and memory for debugging and information

gathering. Movement of data within the processor complex is made more efficient by the String

Copy coprocessor. The Counter coprocessor manages counter updates. The Policy coprocessor

implements policing and shaping mechanisms. The Enqueue coprocessor controls transfer of

parsed frames to the EDS units. Hardware accelerators speed up operations such as tree

searches, frame filtering, alteration and forwarding.

The Control Point (CP) for the system is a single embedded IBMPowerPC processor. The NP can

also be configured and initialized by an external processor connected to one of the four Ethernet

ports. In a scaled system, a single CP can be used to control a system of NPs. In addition, in a

scaled system, communication between the processors occurs in the form of guided frames on

the DASL. Guided frames are also used to communicate between the CP and the various proc-

essors in the subsystem.

The IBM NP provides a variety of internal and external options for buffering data and control in-

formation. The internal control memory consists of 1024x72 bit, 2048x128 bit and a 1024x64 bit

RAM. Up to 18 External control memory modules of a maximum size of 256 Mb can be attached.

Internal data buffers consist of 2048x64 bytes of space at the ingress and the egress. External

data buffers can be connected to provide up to 512 Mb storage, in various configurations. These

are DDR RAMs operating at 133 MHz. The instruction cache in the processor complex consists of

eight 512x128 bit RAM banks that provide parallel access to the various processors.
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Figure 1.3 Intel IX1200 Network Processor

1.2.3 Intel Network Processor – Internet Exchange Architecture

The Intel IX1200 Network Processor [figure 1.3] combines an embedded StrongArm core with six

custom 32 bit RISC microengines. While the 'microengines' perform tasks such as packet for-

warding, the RISC core takes over management functions like configuration, maintenance and

operation. The microengines operate in a multiprocessor, multithreaded environment, with a spe-

cial instruction set that allows context switching of threads. Context switching increases the effi-
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ciency of a microengine by using the latency of memory lookups for useful computation on a dif-

ferent thread. Every microengine has an ALU and shifter and can perform an operation on both

within a single cycle.

The control point of the system is the Intel StrongARM SA 1100 with an Intel StrongARM 32 bit

SA1 processing core operating at 166 Mhz. It has a data-oriented instruction set that allows byte-

manipulation, data throughput and pattern matching.

Each microengine on the IX1200 has four independent instruction caches of four kilobits each.

There are 128 32-bit general-purpose registers and 128 transfer registers on each microengine.

SRAM and SDRAM operations are always interfaced using the transfer registers. The SA100

core has a 16 Kb instruction cache, eight kilobit data cache, memory management units, read

and write buffers and a 512 byte mini data cache. The mini data cache can be used to improve

cache performance while handling frequently used data structures. The core has an advanced

memory controller operating at 100 MHz that supports a SDRAM and an SRAM bank using a 32-

bit system bus. The SDRAM would be the packet store memory in the system and would provide

low cost, high bandwidth access. A total address space of 256 Mb is possible with a peak

throughput of 666 Mbps. The SDRAM unit can also be accessed using the 32-bit data bus from

the microengines and a dedicated bus from the PCI unit. The SA1100 can access a byte, word or

long word and perform read-modify-write operations. The SRAM unit provides a fast access

memory for route lookups, filtering rules etc. The data is used by the microengines but is config-

ured by the SA1100 core. The SRAM unit provides access to an eight megabit SRAM device, two

megabits of Boot ROM for booting and a two megabit bank called the SlowPort region for access

by peripheral devices by means of a 32-bit bus. The unit provides a read lock feature using an

eight entry CAM. There is also an eight-entry push/pop register list for fast queue operations and

bit test, set and clear instructions for atomic operations.
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1.2.4 Cisco Systems Toaster Network Processor

The Toaster Network Processor [figure 1.4] developed at Cisco Systems® Inc., is an example of

a parallel, pipelined multiprocessor system. The processor is a 4x4 matrix of custom designed

Processing Elements (PE). The PEs are laid out to form four similar parallel data flow pipelines.

Each pipeline has four stages and corresponds to a row in the PE matrix. Buffers on either side of

the pipeline provide a high bandwidth exterior interface. The PEs in each column share a hierar-

chical memory system.
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A Toaster processor works in conjunction with a Direct Memory Access (DMA) device. Packets

are received at the DMA device and are translated into contexts, the Toaster unit of data. A con-

text is of 128 bytes length and may contain the packet header and additional fields for control in-

formation transfer. The portion of the packet that is not a part of the context is buffered at the

DMA device while the context is processed. Once generated, contexts enter the Toaster proces-

sor and are queued in a buffer on the entry side of the data flow pipelines. At periodic intervals,

each pipeline accepts a data unit for processing. As a context traverses the data flow pipeline, it

is operated on by every PE in its path. In order to provide uniform processing each data flow

pipeline implements the same set of applications. To illustrate, the code corresponding to an ap-

plication may be divided in to four sequential segments with each part residing on a Toaster PE in

its relative position. The code is reproduced on each of the pipelines and the treatment of a con-

text is independent of the pipeline that it enters. Contexts leave the Toaster processor through an

independent high speed interface and re-enter the DMA device. Processed contexts are stripped

off the control segment to leave just the packet headers that are reattached to their respective

payloads.

The time allowed to each PE is constrained and is called a phase. The length of a phase is pro-

grammable, but is applied uniformly to all the PEs on the processor. In order to reduce contention

for memory amongst the PEs in a column, the code being executed on each of them is skewed

by an amount called a phaselet. The minimum length of the phaselet is guided by the number of

cycles taken to transfer a context from an upstream stage to a downstream stage. Toaster pro-

vides a feedback path from the Output Buffer to the Input Buffer. This path can be used to pass

packets through the pipeline for additional processing.

The Toaster PEs are Very Long Instruction Word (VLIW) cores with independent cache, 12 KB

Instruction RAM (IRAM), and two four-stage instruction pipelines.  The Instruction Set Architec-

ture (ISA) is native to Toaster and is optimized for network processing. This includes fast lookups,
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atomic memory operations, preset masks and bit level operations. A Toaster PE’s instruction is

64 bits in length and is segmented, with each part being tied to a pipeline.

The memory system in Toaster is a multi-level hierarchy with data memory devices being shared

by each column. Local memory on each core is in the form of a register file, 64-byte data cache

and the space for context storage. Large data structures are stored in the column memory de-

vices that are present on and off the chip. Typically, on chip memory is a 16KB SRAM device and

the off chip memory is a 256Mb SDRAM device. A memory controller for each of these devices

manages accesses. The memory controller for the SDRAM device is partitioned in to two parts,

each of which can support up to eight banks.

Memory accesses take the form of requests that travel from each core to independent FIFO

queues in the memory controllers. Requests are processed based on bus and device availability,

deadlocks being broken based on the row number of the originating core. Data is returned to the

originating cores on 32-bit result buses available to each memory controller. The two external

memory controller splits the result bus equally between its two sections.

There are three basic memory operations – Read, Write and Prefetch. The selection of the mem-

ory device is determined by the address. Memory requests operate on 32 or 64 bits of data. The

prefetch operation is like a load in the conventional sense.  It is used to fetch data from the col-

umn memory and place it in the local cache, helping to hide the long latency of a load. Read op-

erations never spawn a request to memory as long as data is available in the local cache. Given

the constraints imposed by the skewed execution of code, the best processing throughput is

achieved by deterministically executing memory operations. They are hence laid out in applica-

tion code, so that there is minimal interference between the requests from the cores in each col-

umn. A lock controller is available that can be used to protect data which is in use and avoid its

corruption.
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The control point for the Toaster NP is located off chip and could be any off the shelf microproc-

essor. It is connected to Toaster on a dedicated interface. The Toaster NP operates with a 125

Mhz clock. A phase length of 64 cycles would allow a context to enter the pipeline ever 16 cycles

(phaselet). This translates to a context throughput of 7.8 million per second.

1.2.4 Summary

Each of the network processors briefly discussed show a lot of common ground, yet are unique.

The IBM NP and the Intel IX1200 combine packet processing and storage tasks while the Cisco

Toaster offloads the packet storage to an external device. The usable memory space is similar for

all the processors, and so is the availability of control memory. The programmable cores in the

IX1200 and the Toaster use independent instruction caches while the IBM NP uses a shared in-

struction cache. In terms of the ISA, all the processors allow bit level operations, atomic opera-

tions, fast lookups and easy mask and shift operations. The Intel Processor implements context

switches to hide long latency operations. The availability of the prefetch instruction on Toaster is

for the same purpose. A difference in the approach to configuring and maintaining the processor

is apparent. Cisco’s Toaster alone does not have an on chip controller. It instead uses a dedi-

cated interface to an external processor. All three of the processors provide high-speed interfaces

that can be used to connect similar devices to build scaled systems.

1.3 Differentiated Services (Diffserv)

Differentiated Services is a framework for providing QoS guarantees in a network [2]. The basic

tenet of Diffserv (DS) is to treat each packet in an aggregate stream according to an agreed level

of service. In a system implementing Diffserv, packets from aggregate traffic are classified and

matched with a flow. They are then treated according to this classification in the rest of the sys-

tem. Routers that implement the Diffserv system complying with the associated IETF RFCs are

referred to as Diffserv compliant routers.
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When architected as an application on a router, Diffserv can be viewed as a set of components

[figure 1.5] as follows [3]:

1. Classifier:  A packet entering a system needs to be classified to determine the policy used to

service it. The classification can be based on two different techniques. A Behavioral Aggre-

gate (BA) classifier uses the Diffserv field [4] alone to establish the classification. The Diffserv

field is defined as the Type of Service (TOS) byte of an Internet Protocol version-4 packet. It

has two segments – one of which is currently unused. The useful segment of the field is of six

bits in length and starts from bit seven of the TOS byte. This is called the Diffserv Code Point

(DSCP).  A multi-field (MF) classifier [2] uses a number of different characteristics of a packet

to determine the flow to which the packet belongs. This can include the source address, des-

tination address, DS field, protocol identifier, source port and destination port. A large number

of fields allow greater flexibility in configuration and provision of service to a customer. To il-

lustrate, the packets originating or terminating at a particular IP address and carrying data

associated with a particular protocol can be treated according to a specific policy.
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2. Conditioner: A conditioner is a component that is used to measure the adherence of a flow to

its configured service rates and mark the packets belonging to it, appropriately. Conditioners

are inherently based on the leaky bucket algorithm [5]. The conditioners defined in Diffserv

literature are the Single Rate Two-Color Marker (SRTCM) [6] and the Two-Rate Three-Color

Marker (TRTCM) [7]. A conditioner can take the form of a marker, dropper or shaper [3]. A

marker merely marks a packet based on adherence while a dropper discards a packet based

on the same property. The shaper delays the passage of a packet through the system to

compel the flow to which it belongs to adhere to the configured rate.

3. Scheduler: A scheduler is an algorithm that is used to distribute the available bandwidth

amongst all the flows configured on a router. In a Diffserv system, the packets may be stored

in individual queues based on their classification. The scheduling algorithm services the

packets from each queue in a certain service order allowing the packets to exit the system. A

scheduler can be categorized as work-conserving or non-work-conserving. A work-

Conditioner Scheduler Shaper

meter

Buffer
ManagerClassifier

Figure 1.5 Diffserv Architecture
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conserving scheduler services queues as long as they are non-empty, while a non-work-

conserving scheduler services queues only when the algorithm dictates.

4.  Buffer Management: A router has finite amount of memory space to store packets before

forwarding them. This space can be actively managed and prevented from filling up com-

pletely using a buffer management algorithm [8]. A Tail-drop algorithm drops packets once

the space reserved for the queue to which the packet belongs is exhausted. A more active

algorithm is the Random Early Detection (RED) and its several variants.

5. Metering: Diffserv systems are managed by measuring and responding to statistics collected

within the system. A Meter is a generic component that performs this function. The various

statistics gathered might include buffer occupancy, number of dropped packets, system

throughput, latency and jitter metrics.

The Diffserv framework provides a highly configurable system to establish QoS guarantees when

extended on network wide basis. The scope of this thesis precludes the description of the entire

Diffserv architecture and its network wide implications. The goal instead is to concentrate on the

implementation a few Diffserv components on a network processor simulator.
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Chapter 2 Simulation Studies

2.1 Previous Work

With the advancement of network equipment, system-level modeling to explore design space and

verify concepts has gained importance. Past research has covered different aspects of communi-

cation system design such as algorithms, protocols and benchmark applications.

A methodology for studying performance of network hardware is Commbench [12]. Its purpose is

to develop benchmark applications that can be used in the design and evaluation of Network

Processors. Commbench’s focus is on implementing networking applications that, provide a dis-

tribution of various instructions and their frequency. These can have a role in designing the ISA of

a network processor. Independent of any particular architecture, it resembles the microarchitect’s

approach of design and evaluation using a standard set of benchmark applications.

The work of Patrick Crowley, et al [13] has been to combine a system of benchmarks with micro-

processor simulators. This has the twin benefit of arriving at a system for evaluating network

processors and using these to explore the network processor design space. The initial experi-

ments in this body of work evaluated the benchmarks on several conventional microarchitecture

paradigms.

A simulator that has a very broad development community is the Network Simulator (NS)[14].

This system is used to study behavior of algorithms and protocols at a network level with interac-

tion between different nodes. NS incorporates code developed by its several users and contains

a rich set of libraries for traffic generation and algorithm studies. While the researchers working

with NS study various issues related to the operation of the Internet, the simulator is not built to

address hardware architecture issues.
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The PAcket Lookup And Classification (PALAC) [15] simulator developed at Stanford University

provides a framework for studying behavior of packet classifying algorithms. The system includes

a traffic generator, packet classifier algorithms and statistics collection mechanisms. The goal of

this simulator seems to have been to design and implement efficient packet classification algo-

rithms.

The design space explored by methods discussed so far can be organized in to three segments –

applications, hardware/software architecture and traffic generation. It is apparent that none of the

above methods considers combining all three of these segments to study their interaction. The

conventional microarchitect’s approach has been to study hardware architectures using bench-

marks. This technique neglects the role that network traffic can play in shaping the performance

of a particular architecture. The approach of researchers in the networking field has been to

simulate a network and study the interaction between nodes implementing protocols and algo-

rithms and passing simulated traffic through them.

There is a space that remains to be explored that combines the three different segments. This

space, which would bridge the gap between design, implementation and deployment from a net-

work systems perspective, should address the interaction between traffic vectors, applications

and the platforms used to implement these applications. The purpose of this thesis is to address

this space and implement a methodology that demonstrates the benefit of such a multi-pronged

initiative. The Component Network Simulator (ComNetSim) [figure 2.1] has been borne of this

effort.

The following sections describe the organization of the simulator and the rationale on which the

design of its components is based.
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2.2 Objective

The goal of the simulator is to model the behavior of network processing components and facili-

tate study of their interaction with network traffic traces. This is achieved by using a library of traf-

fic traces as input vectors to a time driven simulator. Metrics derived from the operation of the

simulator can be used to study the working of the various components.

2.3 Design Rationale

The simulator is modeled from the perspective of a line card on a router. The entire simulator can

be construed as a simplex path on a line card – with input interfaces or ports on which packets

Trace Li-
brary

Input
Parser

In
pu

t i
/f

Network
Processor

O
ut

pu
t i

/f

O
ut

pu
t P

ar
se

r

Meter

Sink

Trace Generator

DMA

Static Dynamic

Network Proc-
essing Compo-

nent

Figure 2.1 Component Network Simulator



19

are received and buffered. The packets are then multiplexed to form input queue to the Network

Processing Component (NPC). The DMA ASIC handles the packet buffering function. A network

processor processes the packet headers and returns them to the DMA ASIC. The headers are

reattached to their respective payloads and stored in the packet memory. Packets are allowed to

exit the packet memory at an appropriate time, determined by the NP. In the case of the simula-

tor, the packets are sinked once they exit the NPC, but in a realistic scenario, these would be

bound for an output port or a switch fabric.

Each of the components in the packet flow pipeline is configurable and allows scope for study.

The NPC is a model of a real network processor complete with its memory system that permits

implementation of applications. Thus the design goal of the simulator is achieved wherein there is

scope for study of both the individual and combined aspects of traffic, algorithms and hardware

architecture.

2.4 Organization

At the top level the simulator can be divided into two types of components – static and dynamic.

The static portion of the simulator comprises the traffic generator and the trace library. The Trace

generator uses at its core a self-similar [16] traffic generator [17] developed at University of Cali-

fornia, Davis. Traces are generated and stored as a library. The files in the trace library form the

input to the dynamic segment that comprises the network processing components.

2.4.1 Trace Generator

A critical requirement for network simulation is the availability of realistic traffic traces.  Network

traffic traces can be obtained by several methods. A popular scheme is to collect real traces from

routers for extended periods of time [18]. These traces represent the mix of traffic flowing through

a router and are collected on one of the input or output links.  While providing a picture of aggre-

gate traffic, these traces may not be flexible for simulation studies. They contain a mix of traffic
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from different sources that is very generic and have a preset arrival pattern that cannot be

changed. These traces can instead be used to derive characteristics such as packet sizes and

packet types to produce packet traces. These traces can be generated based on statistical mod-

els that can be parameterized for rate, type, length, average packet size etc.

The prevalent idea in the networking research community is that self-similar processes best

model network traffic [19]. The basis for this theory is that network traffic has been observed to be

bursty across different timescales. The trace generator uses a Self-Similar Traffic Generator

(SSTG) available in the public domain [17]. The traffic generator can generate traffic trace files

that take the form shown below [figure 2.2]. The fields correspond to packet arrival time and

packet size. The parameters for the traffic generator are – rate (Megabits per second), minimum

packet size (bytes), maximum packet size (bytes), number of packets and number of sources.

Packet Size

Arrival
Time

Figure 2.2 Packet Trace
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The Trace Generator parses the packet traces produced by the SSTG and generates formatted

packet traces [table 1.1].

Type of

trace

Input I/f Output I/f Packet Arri-

val time

Size TOS Protocol

SSTG 3 3 0.0536451556 149 240 6

Table 1.1 : Trace Specification

The traces are stored in the Trace Library along with a descriptor file. The descriptor file

(strlib.dat) [figure 2.3] contains information about each trace in the library. Each line in the de-

scriptor file corresponds to a trace. The characteristic information consists of the following fields:

trace number, rate (Mbps), average packet size, number of packets in trace, output interface

number for packets in the trace, Type of Service (TOS) byte of packets in the trace and trace file-

name.
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2.4.2 Input Parser

The Input Parser [figure 2.4] selects the traces to read and present as input to the Input Interface

unit.  Entries are read from the trace file and are buffered.  Each entry or line in the trace file cor-

responds to a packet. The arrival of each packet is simulated at the Input Interface based on the

arrival time recorded in the trace file. The Agent makes the association of streams with the input

interface. This association is based on the configuration of the interface and the trace data file

[figure 2.3]. The Stream Library comprises all the files containing packet traces. The File Reader

performs the function of reading packets from the Stream Library. It determines if the arrival time

of a packet has crossed the simulators real time. A packet whose arrival time has passed the

simulator’s real time is passed to the Queue Writer. The Queue Writer places the packet it re-

ceives in one of the input queues (Q1 to Q4).

Stream Name

Protocol
TOS Byte
Output Interface
Length of stream

Packet Size
Rate (Mbps)
Stream Number

Figure 2.3 Stream Library File
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2.4.3 Input Interface

The input interface performs the function of multiplexing the traffic from the different input queues.

It receives traffic from the Input Parser and forms an aggregate queue.  The aggregate queue is

the feed for the Network Processing Component.

2.4.4 Network Processing Component

The Network Processing Component (NPC) has two parts – the DMA component and the Net-

work Processor.

Strlib.dat

Agent File Reader

Stream Library

Queue Writer
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Figure 3 Input Interface



24

The DMA component receives packets from the input interface and holds them in a temporary

memory. The packet headers are separated from the packet body and directed to a network

processor. The packet headers when returned are attached to their respective payloads and are

queued in an external memory unit until they are ready to exit.

The Network Processing Component (NPC) receives packet headers from the DMA component

and buffers them for processing. The packet headers are processed based on the applications

configured on the NPC. On completion, they are returned to the DMA component.

The NP in the simulator is modeled based on the Toaster Network Processor [5] architecture. The

presence of an external DMA component is peculiar to the choice of NP. The Intel or IBM NPs

would not need an additional DMA component. Diffserv components are implemented as applica-

tions on Toaster. They are constrained by hardware parameters such as cycle times, memory

availability and memory latencies. Theoretically, any NP can be modeled within the simulator, but

Toaster offers itself as a flexible, robust and independent platform that has been voted best in its

class. In addition, Toaster’s shared memory system offers an interesting opportunity for study.

2.4.5 Output Interface and Meter

The Output Interface models the reverse functionality of the Input Interface.  Packets are received

from the DMA and are parsed to measure characteristics such as latency and jitter. The packets

are then sent to the sink where they are discarded.
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Chapter 3 Implementation of ComNetSim

The design and implementation of the simulator has been with a focus on modularity and scal-

ability. Hence, the simulator is partitioned into separate components by way of an object-oriented

approach such that they can be modified individually. The source code for the simulator com-

prises C++, PERL and shell scripts. The simulator has been compiled on SunOS 5.6 using gcc

version 2.9.

The previous chapter discussed the organization of the simulator. The following sections elabo-

rate on the implementation details. In this chapter, the components that are functionally inter-

linked are combined. The Input Parser and Input Interface are combined to form a single unit that

is called the Input Interface. The output interface has the sink and meter built in. The NPC is

treated as two separate components – DMA and NP.  Each component is sufficiently complex to

be treated as a separate structure within the simulator. Hence the dynamic portion of the simula-

tor is reduced to four components – the input interface, DMA, network processor and output in-

terface.

3.1 Input Interface

The input interface brings to the simulator the functionality of the link buffers. At startup, the

physical interface’s data processing rates and the size of the various link buffers are configured.

The data processing rates correspond to the speeds of the incoming links. Based on this configu-

ration the trace data file is parsed to associate different trace files with each of the physical inter-

faces. The number of traces associated with each interface depends on the sum of the rates of all

the traces associated with the interface. The design of the simulator is such that a physical inter-

face at any instant during the simulation has enough trace files associated with itself to fulfill its

configured rate. As packets in the trace files are exhausted, new files are added to maintain the
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configured rate. This functionality is achieved by maintaining a linked list of streams for each

physical interface. The stream_element structure is used for this purpose.

Whenever the aggregate rate of the physical interface drops below configured rate the

file_agent() function is called to make new trace file associations. The structure link_desc used

for this purpose corresponds to each interface and has information on the buffer and statistics for

the traffic passed through it.

The get_packet()  function is used to simulate the packet arrival process at the ports. Within this

function, the trace file corresponding to each port is parsed to find all eligible packets. Pointers to

the trace files corresponding to ports are available from the stream-linked list. Eligible packets are

those packets with arrival time that is past the simulator’s system time. The arrival time for a

packet is computed as sum of the arrival time obtained from the trace file and the start time for

the trace. The start time for the trace is one of the control variables recorded within the stream

element list. This correction in arrival time is necessary, as trace files are liable to be reused.

Once an eligible packet is found, a link_element is created and its fields set based on the trace

file data. The link_element corresponds to a packet and is added to the appropriate port buffer

queue.

Once the packets enter the individual port buffers, they have to be funneled into a single link

buffer that is hooked up to the DMA component. A simple Round Robin (RR) approach is inap-

propriate for ports operating at different speeds. Such an approach does not allow more packets

from the higher speed link to be delivered. Applying Weighted Round Robin (WRR) solves this

problem. The weights for each of the port buffer queues are set in proportion to their rates.

Bus constraints are in operation throughout the simulator and this applies to the input interface.

When packets are funneled into the multiplexed link queue, the number of bytes transferred per

cycle is limited by bus width parameters.
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3.2 The DMA Component

The DMA interface rids the network processor of the complex task of memory management. The

DMA in the case of the simulator resembles a traffic light where data is directed from one section

to another. It is the composite of many different queues with associated functions operating on

these to effect movement of data.

The Link Input Queue (LIQ) is the buffer for packets entering the DMA system. Packets are

queued here until they can be transferred to the Internal Packet Memory (IPM). As packets enter

the IPM, their header is stripped off and used to form a Toaster context. The toaster context con-

sisting of a control and data segment. The control segment contains fields that are used for com-

municating information between the DMA and Toaster.  The data segment contains the entire

packet header. The structure used is the t2_context.

Every packet entering the DMA system causes a Toaster context to be generated. These con-

texts are queued in the To Toaster Context (TTC) buffer, until they are ready to be transferred to

the Toaster NP’s input buffer. Since packet payloads are not handled by the simulator, the IPM

and TTC queue are abstracted to form a composite queue that is referred to as the IPM.

Contexts are returned from the Toaster NP after processing. The control segments contain infor-

mation that is used for enqueue and dequeue purposes. The control segment contains the queue

number of the packet in the current context. Based on this information, that packet is stored in the

eXternal Packet Memory (XPM). In a conventional line card, the packet header would be attached

with its payload residing in the IPM before being enqueued. The control segment also contains

the queue number that has to receive outbound service. A packet is read from the corresponding

XPM queue and placed in the Fabric Output Queue (FOQ).
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Bus constraints are applicable between the DMA and the simulator components to which it inter-

faces. This limits the number of bytes that can be transmitted per clock cycle. The limits are con-

figurable from a common parameter file.

3.3 The Network Processor

The Network Processor is the heart of the simulator and is modeled based on the Cisco Toaster

Network Processor. A brief introduction to Toaster was provided in the Section 1.2.4. This section

provides the details of implementation. The basic structures within the Toaster framework are the

input buffer, Core matrix and the output buffer. The input buffer collects Toaster contexts from the

DMA. The queued contexts are directed to one of the free Toaster rows when it becomes avail-

able. As described in Chapter1 the rows form a context pipeline and the columns share control

memory amongst them. The output buffer collects contexts that exit from any of the rows. The

queued contexts are sent to the DMA component for queuing.

3.3.1 Software Design of Toaster Framework

Generic buffer:

The functionality of the input and output buffers are similar to one another. A single buffer class is

used of which the Input and output buffer are instantiations. The buffer is primarily a queue

structure. It has no intelligence built in. Contexts are added or deleted based on external com-

mands.

Toaster Core:

The Toaster core is specified as an abstract base class with a virtual pipeline() [figure 4.1] func-

tion. The specification of the pipeline() function within a derived class determines the application

running on top of the core. If the pipeline() function is not defined, a context will pass through the

core unaffected. This function is defined to simulate cycle accurate behavior of the Toaster core.
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On a real system, each core in the Toaster framework executes applications in the form of mi-

crocode. The applications are time constrained and consume cycles for each instruction that is

executed. In order to incorporate this in the simulator, the pipeline() function is made to resemble

a sequence of instructions, each of which is executed in finite time. This is accomplished by or-

ganizing the source code within a case statement whose switch parameter is a cycle number. As

a core steps through the same code in every phase, the cycle number corresponds to the tempo-

ral position within a phase. The code selected for execution is based only on the cycle number

passed to the pipeline() function as a parameter. A stall results when the code corresponding to a

particular cycle fails to complete. This is accounted for by failing to update the cycle number for

Pipeline( cycle, context) {
Switch(cycle)
… ..
case 20: c_dif = c_tokens - pkt_size;
             break
case 21: p_dif = p_tokens - pkt_size;
               break;
case 22: if (p_dif < 0)

packet_color = RED;
              break;
… …
}

Figure 4.1 Pipeline function snippet
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that core. Doing so results in code belonging to the stall cycle being re-executed until it becomes

successful.

The Toaster core class contains several control variables and the local cache. In addition, several

functions operate as part of the toaster memory hierarchy. A virtual function is included that can

be used to perform data checks.

Toaster Column:

The major components within this structure are the Toaster cores and the column level memory

system. The toaster cores are objects of the base abstract class (tmc). The number of cores in a

column is a configurable parameter. The column memory system consists of the internal and ex-

ternal memory structures. Many functions perform the role of processing memory requests and

play a support role in the memory state machine. The memory system is discussed later in this

chapter. Other simulator related functions perform time updates, print statistics and make function

calls to the Toaster cores.

The Toaster column structure also contains a lock mechanism for use by the cores. There are

four column-level lock elements. Each element has two fields – lock identifier and lock busy

fields. A Toaster core can request a lock for a specific identifier. This identifier could be a memory

address or any value computed, such as a queue number. A lock is granted if the specified iden-

tifier is not already locked by another core and the lock tied to the requesting core is free.

Toaster:

This is the top level Toaster structure. The Toaster columns, the input and output buffers are in-

stantiated as objects in this structure. The configuration of the applications being executed on the

framework takes place at this level. As mentioned previously each application class is derived

from the Toaster core class. The specification of the pipeline() function within the derived class

determines the functionality of the core e.g. a scheduling application would be coded within the
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pipeline virtual function of a derived class called scheduler. Objects of this class would be instan-

tiated within the Toaster structure. A pointer to each such application object would be instantiated

and passed as a parameter to the column of that type. Pointers to base and derived class objects

are type compatible. Hence, the pointers to the generic core declared at the column level can be

associated with the derived class cores instantiated at the framework level. The advantage of this

approach is that the base functionality of the Toaster core and column can be made generic al-

lowing for reduced code size, greater flexibility and modularity. The Toaster structure contains

functions that configure the internal and external memories for each column (co-

lumnX_memory_init()).

Function calls are made to the column level execute functions (exec_column() ) every cycle. The

parameters for this call include two important array structures:

1. Cycle map: This is a two dimensional array that contains the current cycle number for each of

the cores in the Toaster framework. The cycle map overlaps the Toaster framework. Within

the simulator, only a segment of the cycle map is passed to each column. This segment is a

single dimensional structure that contains the current cycle number for each of the cores in

that column.

2. Context map: This is a two dimensional array of pointers to Toaster contexts. This structure,

like the cycle map discussed above, overlaps the Toaster framework. By maintaining a con-

text map, movement of contexts between cores is facilitated, as a “context switch” is merely a

transitioning of pointer variables. This is accomplished at the Toaster framework level and the

cores do not have any role to play except for informing the top level when it is finished with a

context. Information flow for this purpose begins at the core as a flag (pdone – processor

done) that is set at the end of a phase. At the end of each cycle, the flag within each core is

sampled. If the logical AND of all the pdone flags in a row is detected to be TRUE, a context
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switch is carried out, although an extra condition applies. This condition accounts for the

phase difference that needs to be maintained between the processor rows.

3.3.2 Toaster Memory Hierarchy:

The Toaster memory hierarchy is composed of three sections:

1. Tag Buffer: The tag buffer is local to the Toaster cores and is akin to a software managed

register file with eight 64-bit wide entries. The tag buffer is the only memory unit to which the

core has direct access. All memory requests pass through the tag buffer. Memory reads to

the tag buffer are zero-latency operations and are similar to reading local registers. Write and

prefetch operations cause requests to be spawned to the column-level memory structures.

The tag buffer is maintained as a structure within the Toaster core class (tmc). The tag buffer

element has the following fields:

a. Address: Memory address of the data stored in the tag element.

b. Valid bits 1 & 2: Indicates validity of the two 32-bit data segments.

c. Pending: Indicates if the tag element is waiting on a request that has been spawned

to column level memory.

d. Pending timer: A simulator variable to compute latencies.

e. Data 1 & 2: Data is stored as two 32-bit elements.

2. Internal Column Memory (ICM): The ICM is a column level memory structure and is physi-

cally located on chip as an SRAM device. The ICM size is limited to 16kB and is organized as

32-bit elements. Memory requests are received from each core in a column and serviced in

the order of arrival. The ICM exists as a column-level structure in the t_column class.

3. eXternal Column Memory(XCM): The XCM is also a column-level memory but is located off

chip as a SDRAM device.  The XCM size is upwards of 256 Mb and is composed of eight
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banks, each line being 16 bits in length. A set of four banks shares a 32-bit request bus and

all eight banks share a 32-bit result bus. There are two possible addressing schemes for the

banks – block and stream modes. In block mode, the address map is split into eight seg-

ments and each segment corresponds to a bank. In stream mode, addresses stride banks

continuously.  While stream mode is preferred for storing and reading datagram structures,

the bank mode would be preferred when operated as a control memory. Memory requests to

the XCM experience a higher latency. The order of service of the requests is the same as in

the case of the ICM. The XCM exists as a column level structure in the t_column class.

With respect to the simulator, memory operations start out as requests within the application

code. Requests are for data of four or eight bytes in length. Requests are of three different types:

1. READ: This is a request to read data from memory. The request can be for either 32 bits or

64 bits of data. The request contains the tag buffer element to be used and the location of the

data in memory. Data is read from the tag buffer from the specified memory element if the

element is marked as valid and the pending flag is not set. Thus, the management of data is

up to the application code. If a read request is not fulfilled, the processor stalls until the situa-

tion is remedied. A read operation in the simulator does not spawn a request to main memory

under any circumstance.

2. PREFETCH: A prefetch request fetches data from column memory and writes the data to the

specified tag buffer element. These are non-speculative requests for data and can be viewed

as a LOAD on a microprocessor. A prefetch request is spawned as a memory request to the

column memory. The traversal of the request within the Toaster framework is modeled as a

state machine. This is described in the next section.

3. WRITE: A write operation is spawned as a request to column memory. The request contains

new data, the target address and data width. A request has to include a reference to a tag
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buffer element. It is accepted only if the tag buffer element is not already in a pending state.

WRITE requests take the form of messages that traverse a state machine like in the case of

a PREFETCH. WRITE and PREFETCH requests have access to separate buses to the col-

umn-level memory controllers.

3.3.3 Memory Address Handling and Translation

Requests to memory are implemented by macro calls that translate a control variable’s relative

location to a physical memory address. Doing so hides the physical organization details of the

memory from the application. The downside of providing this translation is that a separate macro

is needed for each control variable structure that is used. The input parameters for such macros

are predefined variable identifiers and the sequential reference for the structure. To illustrate, if

the application were using a queue structure holding the rate and priority, the predefined identifier

would be Q_STRUCT and the sequential reference would be the queue number. The

Q_STRUCT identifier translates to a base address for the structure e.g. 0x01800000. The macro

computes the real physical address as:

Address = Q_STRUCT + (size_of_element x q_number)

The physical memory address is thus available to the memory state machine to make decisions

on the location of the data – XCM, ICM and bank locations.

3.3.4 Memory Request Handling

The software design of the Toaster framework realizes its shared memory design. As described

earlier, memory operations result in requests being spawned to the column level memory struc-

tures. By handling all the memory requests outside the cores from which they originate, they can
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be pooled and serviced at the column level. This brings to the fore the shared memory charac-

teristic.

In a physical system, a memory request would pass between the originator and the memory in

either or both directions depending on its type. During this passage, the request travels on sev-

eral buses from one location to another and is decoded and serviced by a sequence of state ma-

chines. The software design models both of these aspects. Each memory request transitions

through a sequence of states until its objective is met. These transitions are guided by:

1. Type and length: The request can be a PREFETCH or a WRITE operation. The latency of the

operation is also affected by the length of the request – 32/64 bits.

2. Tag Buffer Availability: All requests have to target a tag buffer element. They are accepted by

the tag buffer only if the target element is not already in a pending state. A pending state indi-

cates that a previous request using the same element is incomplete.

3. Memory Location: The request may be to the internal or external column memories. The la-

tency of the request and the operations that need to be performs vary. The internal memory

is SRAM and external memory is SDRAM.

4. Bank Availability: If the request is the external memory, the target bank needs to accept the

request.

5. Bus Availability: As requests have to pass from one device to another, they compete for us-

age of the buses.

6. Resource prioritization: Requests are prioritized based on the originating core and on a FCFS

basis.
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Requests to memory are made using explicit function calls read(), write() and prefetch(). The

write and prefetch requests cause a memory request element to be generated (re-

quest_gen()).The fields of the memory request structure are set based on the parameters of the

function call. The structure is then added to a request queue at the core.

The following are the states that a memory request encounters:

1. ISSUE: This state corresponds to a request that has been issued and is awaiting transmis-

sion to the tag buffer.

2. LOCAL_BUS1: On a physical device, once an instruction references a memory location, a

request is issued that traverses the local bus to the tag buffer. The write and prefetch re-

quests have a dedicated bus on the Toaster core and requests travel on this bus. In the case

of the simulator, the memory request is placed in this state before being added to the request

queue.

3. LOCAL_BUS2: This state corresponds to the second cycle spent by the write or prefetch re-

quest on the channel to the tag buffer.

4. TAG_BUFFER: This state corresponds to a request that has been accepted by the tag buffer

and is being communicated to the column memory controllers. The request is directed to the

XCRAM or ICRAM controller based on the target address. Within the simulator, once a re-

quest transitions to this state it is popped from the core level queue and added to the ICM

composite column level queue or the XCM composite column level queue depending upon

the target device. Requests are popped by calling the req_to_column() function.
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5. XCRAM_REQ: A request enters this state if it has been issued to the XCM. A request to ac-

cess the XCM is made if the bus to the XCM is found free. Once a request enters this state,

the bus is locked as long as it takes to communicate the request.

6. XCRAM_ACC: A request to XCM transitions to this state while the XCM is being accessed.

The time spent in this state is dependent on the SDRAM’s configuration (CAS latency and the

time between the active and read/write commands and the width of the request).

7. XCRAM_RES: Only prefetch requests transition to this state. This state accounts for the cy-

cles consumed in communicating the data to the originating core.

8. XCRAM_COMPLETE: This is an artificial state to extract statistical data and is of relevance

only within the simulator. The actual transfer of data takes place when the request is in this

state. The target address is used to determine the index of the element and the bank in which

it resides. A prefetch request results in data being read and written to the data elements in

the memory request structure. A write request causes contents of the data elements in the

request to be written to the XCM.

9. ICRAM_REQ: This is analogous to the XCRAM_REQ state.

10. ICRAM_ACC: This is analogous to the XCRAM_ACC state, though the latency of the opera-

tion is different because the ICM is an SRAM device.

11. ICRAM_RES: This is analogous to the XCRAM_RES state.

12. ICRAM_COMPLETE: This is analogous to the XCRAM_COMPLETE state.
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Prefetch requests are returned to the originating core using the req_to_tb() function call. Data is

transferred from the request element to the tag buffer and the request is discarded.

The various memory states are of a composite type called mem_state within the simulator. This is

an enumerated data type and is listed in the appendix.

When a request transitions to any of the memory states, a timer is set that corresponds to the

number of cycles the request is supposed to spend in that state on a real device. On expiry of this

timer, the request is ready to transition to its next state. Similar timers exist for the various com-

munications buses and XCM banks. These resources are marked as free in the cycle that the

corresponding timers expire. The structures corresponding to this functionality are bus_status and

bank_status. Several “update” functions operate on these structures.

The functions corresponding to the memory state machines are the icm_pipeline(),

xcm_pipeline() and tmc_memory_pipeline().

3.4 Output Interface

The output interface drains packets from the FOQ in the DMA module and processes them for

information. The information recorded corresponds to the latency that the packet experienced

within the system. The information is recorded on a per queue basis. The queue information is

the same as that used by the XPM. The latency metric also allows the jitter to be computed.

Other statistics collected are maximum and minimum delay and delay jitter in the system. Once

the statistics are updated, the packet is destroyed and the count of the number of packets passed

through the system is updated. The statistics are maintained in a text file (resultfile).
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3.5 Top Level of the Simulator

The top level of the simulator is the simulator class. The simulator’s constructor function instanti-

ates the Input Interface (IPP), DMA (DMA), Network Processor (TOASTER) and Output Interface

(OPP) as objects. Global time is set and updated at this level and passed down to all the compo-

nent objects. Configuration parameters are obtained from the parameter header file (parame-

ter.h). The entire simulator is instantiated as a Line Card (LC) object in cnetsim.cc. At run time,

the various objects are executed in the reverse order of their position in the pipeline to simulate

parallel operation of all the components.

3.6 Application Development

One of the goals of the simulator is to implement a networking application on the Toaster plat-

form. Doing so would demonstrate how the last component required for completing the picture is

included. The application chosen for implementation is a segment of a Differentiated router sys-

tem.

Why Diffserv?
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The basis for Diffserv has found acceptance in the industry and the components that form the

framework are widely used in routing systems manufactured by different vendors [20]. In looking

for a sample set of network applications that can be used for the purpose of study, Diffserv com-

ponents offer themselves as generic applications that will find use in any routing system inde-

pendent of its position in a network.

A baseline implementation of a Diffserv router can be found in [6] - an implementation of Diffserv

router components on a Linux system. The basic components in the system implemented in

ComNetSim are Classifier, Conditioner and Scheduler. While it is expected that a shaper be in-
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Figure 4.2 Diffserv on Toaster
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cluded in the system, the design of the remainder of the system does not allow for a shaper. The

reason for this is discussed at a later point. The mapping of Diffserv components is illustrated in

figure [figure 4.2].

The implementation of Diffserv on Toaster does not include a shaper. A shaper is usually imple-

mented to control the outflow of packets from a system using a leaky bucket. In this system pack-

ets are dequeued from the XPM and directed to the output port. If a shaper were to be imple-

mented on Toaster, packet information would have to be passed through it again when packets

leave the DMA ASIC. Implementing the shaper as part of the DMA ASIC would be more efficient,

allowing Toaster to operate on packets on the inflow path alone.

3.6.1 Classifier

The classifier is implemented on Column 0 of the Toaster framework. The function of the classi-

fier is to match the packet to one of the pre-configured flows. A multi-field classifier has been im-

plemented. The fields used to find the flow identifier are the Diffserv codepoint, the input inter-

face, output interface and the upper level protocol. Once a flow identifier is computed, a lookup is

made to the ICM. The flow identifier hashes into the ICM to give a queue number for the packet.

The queue number is stored as the enqueue queue number in the control segment of the Toaster

context and is used by the subsequent components.

3.6.2 Conditioner
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The conditioner is implemented on Column 1 of the Toaster framework and takes the form of a

Two Rate Three Color (TRTC) marker algorithm [10]. The algorithm operates in color aware

mode and is as shown in figure [figure4.3].

Every queue configured has an entry in the conditioner table [table 3.1].

C_TOKENS = MIN(C_TOKENS, CBS) + (GLOBAL_TICKS - OLD_TICS) *  CIR / 8;
C_DIF = C_TOKENS – PKT_LEN;

P_TOKENS = MIN(P_TOKENS, CBS) + (GLOBAL_TICKS - OLD_TICS) *   PIR / 8;
P_DIF = P_TOKENS – PKT_LEN;

IF ((P_DIF < 0) AND (PACKET_COLOR == YELLOW)) OR (PACKET_COLOR == RED)

PACKET_COLOR = RED;

ELSE IF  ((C_DIF < 0) OR (PACKET_COLOR = YELLOW))

BEGIN
PACKET_COLOR = YELLOW;
IF (P_TOKENS – PACKET_SIZE > 0)

P_TOKENS = P_TOKENS – PACKET_SIZE;
ELSE

P_TOKENS = 0;
END

ELSE

BEGIN
PACKET_COLOR = GREEN;
IF (C_TOKENS – PACKET_SIZE > 0)

C_TOKENS = C_TOKENS – PACKET_SIZE;
ELSE

C_TOKENS = 0;
END

Figure 4.3 Two Rate Three Color Marker
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Control Variable Abbreviation
Width

(bits)
Comment

Peak Information Rate PIR 20
Maximum configured rate for the packets

belonging to flow/ queue

Committed Informa-

tion Rate
CIR 20 Average configured rate

Peak Burst Size PBS 16
Maximum credit accumulated by the

peak rate bucket

Committed Burst Size CBS 16
Maximum credit accumulated by the

committed  rate bucket

Peak Tokens P_token 16 Last peak token count

Committed tokens C_token 16 Last committed token count

Old Tics - 32 Last time queue was serviced

Table 3.1 Conditioner table element

The conditioner merely marks the degree of compliance to configured parameters. The action

performed based on this check is left to the user. In this system the color code is marked in bits 5

and 6 of the DSCP and can be used by downstream Diffserv-aware routers.

3.6.3 Scheduler

The scheduler is a critical piece of the Diffserv system. A scheduler is an algorithm that distrib-

utes resources between different consumers. In a router, the resources correspond to limited

buffer space and output bandwidth. The resource consumers are the various queues that need to
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be serviced. There are several different classes of scheduling algorithms [21]. The goal is  to pro-

vide guaranteed delay and bandwidth to every queue being serviced.

A Weighted Round Robin (WRR) Scheduler is implemented on the simulator’s Toaster frame-

FOREVER {
FOR (I =0 TO MAX_SERVICE_ROUNDS) {

Q_NOT_FOUND = TRUE;
Q_PTR = FIRST_Q;
WHILE(Q_NOT_FOUND) {

READ Q_WEIGHTQ_PTR;
READ Q_EMPTYQ_PTR;
IF ( !Q_EMPTY AND Q_WEIGHT > 0) {

SERVICE Q(Q_PTR);
Q_WEIGHT -= 1;
Q_NOT_FOUND = FALSE;
}

Q_PTR = Q_PTR->NEXT;
}

}
RESET ALL Q_WEIGHT;

}

FOREVER {
IF LAST PACKET IN QUEUE SET Q_EMPTY = TRUE.
}

Figure 4.4 Weighted Round Robin Algorithm
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work. A WRR scheduler is a variant of the simple Round Robin (RR) scheduler. WRR scheduler

can prioritize service for a number of queues so that each queue may be serviced differently. At

startup, a weight is associated with every active queue in the system. This weight is determined

based on the mean packet size for the queue, the mean flow rate for packets belonging to the

queue and the maximum mean rate configured. A weight counter is associated with every queue.

In every scheduling interval, all non-empty queues with non-zero weight counters receive service.

The weight counter for a queue is decremented at every instance that the queue is serviced.

Once the weight counter for the queue with the maximum weight reaches zero or the number of

rounds of service touches the maximum weight, all the weight counters are reset to their original

values. The round number is a count of the number of times a check for serviceability has passed

any queue in the system. Its reset value is the maximum of the weights of all currently active

queues.

When implemented on a Toaster framework, several constraints play a role in the design. The

implementation of the algorithm needs to be scalable and completely deterministic. While oper-

ating on a constrained cycle budget, it is not possible to query non-deterministically a number of

queues until a serviceable queue is found. A serviceable queue is one that has packets in waiting

and a weight counter that is non-zero. The baseline requirement is that the accesses to the

queue structure holding the weight counter be optimized.

In order to meet the requirement the Toaster memory hierarchy is leveraged to implement a two-

level system to deterministically compute queue serviceability. The implementation of WRR in the

simulator can support 1024 queues.

The implementation of the WRR algorithm requires three basic structures:

1. Serviceability: This control variable indicates if a queue is eligible for service.
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2. Non-emptiness: This control variable indicates if a queue has packets to send. A queue that

is serviceable, yet empty, does not need to be served.

3. Weight Counter: For every instance a queue is served, the corresponding weight counter

needs to be decremented. When this counter reaches zero, the queue is no longer service-

able.

The serviceability and non-empty states are stored in the ICM, which has a low read latency

compared to the XCM. These are organized as two parallel structures. Each queue has repre-

sentative bits to indicate serviceability and non-empty states. These are organized as 32 ele-

ments, each of 32 bits width. These structures are called tags. A consolidated structure is main-

tained that aggregates the information in the 32 tags. This structure is called a block. The layout

thus formed has the following arrangement: Two block-level structures – to record aggregate

serviceability and non-empty states. Each bit in these structures corresponds to a tag element of

the same type i.e. a bit in the serviceability block references a serviceability tag.

The weight counter is placed along with other queue variables (original weight and queue statis-

tics) in a queue structure. There is a queue structure associated with every queue. Memory con-

straints and the need for scalability direct that the queue structures be stored in the XCM.

When a Toaster context is processed by the core implementing WRR, the serviceability and non-

empty blocks are read from ICM. The logical AND of these structures provides a 32-bit computed

block that indicates the presence of tag elements that are serviceable and nonempty. The bit lo-

cation in the computed block corresponds to the location of tag elements referencing serviceable

queues. The first tag element in the order of service is read from the ICM. The logical AND of

serviceable and nonempty tag elements is used to determine the queue number to be serviced.

The queue number corresponds to the first bit position of a serviceable and non-empty queue in

the order of service. The corresponding queue structure is fetched from XCM and its weight

counter updated. If the weight counter is reduced to zero the queue is marked as non-
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serviceable. The service order is recorded as an integer quantity called next_tag or next_q as the

case might be. When a queue is serviced, the next_q variable is incremented and stored along

with the corresponding tag. Thus, in the next service round the queue just serviced is ignored, as

the next_q quantity would cause it to be ignored. The next_tag quantity is used in an analogous

manner but is associated with the block structure.

Serviceable Tag

32 Bits

32 Bits

0 1 0

This Q is
serviceable

Serviceable Block

1 0

This tag is
serviceable

32 Tag Elements

Non-empty  Tag

32 Bits

32 Bits

0 1 0

This Q is
non-empty

Non-empty Block

1 0

This tag is
non-empty

32 Tag Elements

Figure 5 Weighted Round Robin Control Structures
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At the end of a scheduling interval, the weight counters are not reset explicitly. Instead, a weight

counter is reset if a referenced queue is found to have been serviced in a prior scheduling inter-

val. The same method is applied to the tag elements, as it is inefficient to read every tag element

and reset its serviceability bits.  The serviceability block alone is reset at the end of the schedul-

ing interval. The nonempty bit structures are controlled in parallel with the algorithm. It must be

noted that the algorithm merely references the nonempty structure for information and does not

manipulate its contents. The bits in the nonempty structure are set when a context corresponding

to the queue referenced by the same bits passes through the framework. These bits are reset

based on feedback information provided by the DMA component. This information is part of the

control segment in the Toaster context.

A forced optimization that increases the efficiency of dequeue processing results in consecutive

dequeues from the same queue. The optimization is forced, as the update to the tag variable tar-

geting a queue can occur only after the queue structure has been processed. The immediately

adjacent core accesses the same tag structure but the changes to the tag information are not

visible to it. However, the queue structure itself is protected as it is read by the adjacent core late

enough in a phase. In addition, the queue structure is protected by a lock. The new tag informa-

tion will be visible to the third core in phase order. This ensures that the code does not spin on

the same queue. The tag structure will reflect correct state at the end of the second core’s phase.

In this situation, performance of high rate queues will improve while that of low rate queues may

degrade. Low rate queues that are dequeued consecutively are more likely to oscillate between

empty and non-empty state. Dequeue requests to these are likely to be wasted as they are likely

to occur when in an empty state.
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Chapter 4 Operation, Experiments and Results

4.1 Simulator Directory Structure

The organization of the simulator is intuitive. The directory structure is organized in to three logi-

cal sections:

1. Traces: Packet sequences are generated using the “streamgen” shell script in the

“pktgen”directory. The configurable parameters are minimum and maximum values for packet

size, number of packets and arrival rate (Mbps). Packet traces are generated and stored in

the “strdir” directory. A summary file (strlib.dat) is also created that is used by the dynamic

component of the simulator. Files that are used in the setup of the dynamic component’s ap-

plications are also generated during stream generation.

2. Source: The “source” directory contains all the source files for the simulator. Running “make”

from this directory creates an executable called “sim”.

3. Test: The simulator is invoked from this directory. A logical link needs to be established for

the configuration files and executable. Output statistics are recorded in various files.

4.2 Simulator Configuration:

The simulator can be configured by modifying the define statements in the parameter files. The

configurable parameters are listed in table [table 4.1].
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Parameter Name Parameter file Purpose

CLOCK_PD Parameter.h Defines the clock period for

the system

MAX_BW Parameter.h Maximum bandwidth allowed

NUM_IP_LINKS Parameter.h Number of input links

IP_LINK_OCCUPANCY Parameter.h Percentage occupancy of

each link

IP_Q_SIZE Parameter.h Size of input queue buffer

PORT_TO_IQ Parameter.h Number of bytes that can be

transferred from port to input

buffer

OP_BUFFER_SIZE Parameter.h Size of output/switch port

buffer

OP_DRAIN_RATE Parameter.h Rate at which the output buffer

is drained

BYPASS_NPC Paramter.h Specifies if the network proc-

essor is to be bypassed

IPM_SIZE Parameter.h The size of Internal Packet

Memory (IPM)

INFINITE_BUS Parameter.h Specifies if buses are con-

strained

IPIF_DMA_BYTE_RATE Parameter.h Multiplexed input buffer to

DMA transfer rate

DMA_NPC_BYTE_RATE Parameter.h DMA to network processor

transfer rate

Table 4.1 Simulator Configurable Parameters
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NPC_DMA_BYTE_RATE Parameter.h Network processor to DMA

transfer rate

T2_CONTEXT_SIZE Parameter.h Size of the toaster context

NUM_QUEUES Parameter.h Number of queues handled by

the scheduler

NUM_ROWS T_parameter.h Number of toaster rows

NUM_COLUMNS T_parameter.h Number of toaster columns

TB_SIZE T_parameter.h Number of tag buffer elements

NUM_BANKS T_parameter.h Number of banks in external

memory

XCM_MEMORY T_parameter.h Size of XCM memory

XCM_BANK_SIZE T_parameter.h Size of each bank

XCM_LINE_SIZE T_parameter.h Number of bytes per line

NUM_XCM_LINE T_paramter.h Number of lines for each bank

ICM_MEMORY T_parameter.h Size of XCM memory

ICM_LINE_SIZE T_parameter.h Number of bytes per line

NUM_ICM_LINE T_paramter.h Number of lines

Table 4.1 (Continued)

4.3 Simulator Setup

The following steps need to be taken to perform experiments:

1. Switch to “pktgen” directory and set the parameters in the streamgen script.

2. Run the “streamgen” script to generate packet streams, application configuration files and

summary file.
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3. Edit the parameter files in the source directory to set the physical configuration for the simu-

lator.

4. Run “make” to generate the executable “sim.”

5. Create logical file links to “sim” and configuration files in the “strdir” directory.

6. Run “sim” to invoke the simulator.

4.2 Experiments and Results

The experiments performed need to demonstrate the working of the system and validate its pur-

pose.

Experiment 1

The first experiment performed is a generic test with small number of flows and high speed inter-

faces.  The simulator is configured with four input interfaces, each at 622 Mbps (OC12). The re-

sults [table 4.2] show the queue performance metrics. The queues have uniform delay and jitter

characteristics.
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Q# Rate

Mbps

Packets Bytes Avg Delay

Seconds

Min Delay

Seconds

Max Delay

Seconds

Delay Jitter

Seconds

Max Jitter

Seconds

44 260 4854 315510 0.064144 5.78E-06 0.128299 2.84E-05 0.000352

113 290 4502 3124388 0.026071 0.000008 0.05217 3.99E-05 0.000335

144 290 31130 3735600 0.0146 5.77E-06 0.029276 4.15E-06 0.00018

211 250 36324 3232836 0.013185 5.88E-06 0.026448 3.48E-06 0.000152

695 240 6235 804315 0.055313 5.93E-06 0.110731 2.2E-05 0.000337

844 250 9341 1952269 0.037144 5.66E-06 0.074364 1.51E-05 0.000308

981 230 7615 1416390 0.043876 6.04E-06 0.087842 1.83E-05 0.000324

Table 4.2 Queue performance metrics

Experiment 2

Performance degradation with specific traffic patterns: This test demonstrates that the perform-

ance of the system is affected by the configuration of input traffic vectors. The test has two parts

with only the input traffic configuration being changed. The input ports are configured as OC12

interfaces. In the first test, the input traffic flows are of a high rate above 500 Mbps. The second

test uses several low rate flows whose average rates are about 100 Mbps.

The test shows that the average latencies for the high rate flows [table 4.3] are lesser than for the

low rate flows [table 4.4]. The total number of contexts that needed to be passed through the

Toaster cores is higher in case of the latter.
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Q# Rate
Mbps

Packets Avg Delay
Seconds

137 100 1519 4.72E-03
201 100 1520 4.72E-03
523 100 176 7.94E-03
561 100 424 1.17E-05
562 100 160 8.11E-03
583 100 207 3.65E-03
625 100 424 1.23E-05
626 100 158 8.14E-03
651 100 177 7.89E-03
711 100 206 3.64E-03
715 100 178 7.81E-03
753 100 424 1.33E-05
754 100 161 8.03E-03
781 100 159 7.64E-03
802 100 304 7.34E-03
833 100 569 3.98E-03
860 100 224 7.28E-03
874 100 879 4.06E-03
897 100 572 3.94E-03
909 100 159 7.52E-03
930 100 301 7.39E-03
938 100 880 4.03E-03
988 100 220 7.51E-03

Contexts Passed 26508

Table 4.3 Low Rate Queues Test

Q# Rate Packets Avg De-
lay

48 580 538 3.50E-04
156 590 510 2.05E-05
176 580 64 1.63E-04
240 580 1423 1.91E-04
522 590 527 8.62E-06
561 550 457 1.00E-03
569 590 85 5.24E-04
588 570 1165 3.96E-05
625 550 525 5.05E-04
633 590 509 2.51E-03
652 570 1026 2.96E-04
689 550 1050 6.67E-04
697 590 545 1.63E-03
876 570 539 5.92E-04
940 570 856 7.93E-04

1004 570 182 9.86E-04
Contexts Passed 11577

Table 4.4 High Rate Queues Test



55

Experiment 3

Packet re-order test: This test shows that the order of packets within a flow is not changed as

they pass through the system. Packet reordering is a potential flaw in a parallel packet processing

system.  Four OC12 interfaces are used and 80 different flows are available. Results are col-

lected on a per flow basis to determine if a packet’s sequence number is lesser than that of the

previous packet in the flow. The test results showed that no flow encountered reordering.

Experiment 4

Operation of low latency queues: Each input port has an associated low latency flow. Packets

belonging to this flow bypass the queuing system. Low latency queues are available on routers as

a channel for delay-sensitive traffic such as voice or video. Packets belonging to this flow are po-

liced aggressively. This test shows that a low-latency flow experiences significantly lesser latency

and jitter than an ordinary flow.
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Chapter 5 Summary and Future Scope

This thesis presented a holistic methodology to study architectures for network processing. A cy-

cle accurate simulator was implemented that will allow the study of the interactive nature of net-

work traffic, algorithms and the hardware platforms. The implementation of a Network Processor

architecture, such as Toaster for use in the simulator was discussed. Diffserv applications were

developed for the Toaster platform in the simulator and an innovative implementation of Weighted

Round Robin scheduling algorithm with support for 1024 queues was proposed. The develop-

ment of the applications accounted for control memory design and optimization of memory refer-

ences. The use of the simulator in studying the combined effects of network traffic, application

and architecture was shown in Experiment 2, in Chapter 4.

Future work based on this simulator can progress along many different paths.

5.1 Next Generation of ComNetSim

ComNetSim is modular in design and can be scaled to build systems that are more complex. A

more complete system would allow more opportunities for study.

5.1.1 DMA System

An initial step would be to improve the abstracted DMA system and add a more realistic memory

system. Packet memory design and management is a complex task. Adding this capability to the

simulator would increase the simulator’s value tremendously. A real memory system would intro-

duce details such as memory allocation and read/write latency. These would have to be recog-

nized by the applications implemented on the Network Processor.

5.1.2 Scaling the System
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As the simulator is modular in design, a line card with a duplex path can be built by using the

components available. Traffic can be passed from the inflow direction to the outflow direction i.e.

between the two simulator components. Different queue configurations and physical layout pa-

rameters can be used for each path. By introducing a switching fabric component, a model of a

router can be developed [figure 5.1].

5.2 Methodology
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The holistic methodology used in this thesis can find a role in the design of network hardware

architectures. As demonstrated, the performance of a network processing system depends on the

applications and the input traffic vectors. It is important to acknowledge this in the development of

network processors and their benchmarking schemes. A possible scenario would be one wherein

application code may be compiled and executed on an execution based processor simulator. The

processor simulator could be combined with a system that can retrieve packets from traces and

Line Card2

Line Card1

Line Card3

I/P and O
/P

Switch
Fabric

Figure 5.1 Router Structure
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simulate their arrival. The design space in this case would include the application code, compiler,

processor paradigm, memory system and traffic generator.

The simulator can be used to verify and study performance of a Network Processor architecture

using load experiments. Two types of experiments can be performed. The system can be tested

for a specific traffic configuration to verify performance for a network Processor system. The point

at which the internal system buffers begin to overflow would indicate the maximum traffic load

that can be handled by the system. The effect on a system’s performance with incremental load

can be studied by varying the traffic configuration.
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Appendix

Header files

Data Structures

Data_type.h

#include<stdio.h>
#include"parameter.h"

////////////////Stream List element///////////////////////

typedef struct se {
unsigned int num; //Stream Number
unsigned int rate; //Stream rate
unsigned int length; //Stream length
double start_time; //Global start time for stream
FILE *fileptr; //File pointer
//char *stream; //File associated with the stream
struct se *next; //Pointer to next stream
} stream_element;

///////////////Link Element Struct/////////////////////////////

typedef struct le {

unsigned int q_num; //Q number for stats
unsigned int ip_if; //input interface
unsigned int op_if; //output interface
double arrival; //Arrival time
unsigned int pkt_len; //Packet Length
unsigned int tos; //Type of Service
unsigned int protocol; //Layer 4 protocol
unsigned int tcp_in; //TCP input port
unsigned int tcp_out; //TCP output port
unsigned packet_num; //Packet number
unsigned int codepoint; //DSCP
bool drop; //Internal drop bit
struct le *next;
} link_element;

///////////////////////Link Descriptor/////////////////////

typedef struct {

unsigned int config_rate; //Configured Rate for Link
unsigned int curr_rate; //Current Used Rate
unsigned int max_bytes; //Link Buffer Size (bytes)
unsigned int curr_bytes; //Link
unsigned int num_streams; //#streams active on link
unsigned int num_pkts; //#of pkts on the link
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stream_element *stream_head;//Pointer to stream head
stream_element *stream_tail;//Pointer to stream tail
link_element *buffer_head; //buffer Head pointer
link_element *buffer_tail; //buffer Tail pointer
} link_desc;

//////////////////////Stats Structure/////////////////////

typedef struct {
unsigned int configured_rate;//Configured rate
double delay_sum; //Sum of all delay for each packet
double prev_delay; //Delay for last packet
double jitter; //Average Delay jitter
unsigned int bytes; //Total # bytes
unsigned int packets; //Total # Packet
double min_delay;
double max_delay;
double max_jitter; //Max jitter for q
double min_jitter; //Min jitter for q
double start_time;
double last_time;
double instant_rate;
bool ef_q; //Q Status
unsigned int dropped; //Number of packets dropped
} q_stat_element;
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toaster_data_type.h

///////Tag buffer element///////////////////

typedef struct tbe {
unsigned int address; //Address Tag //Unused
bool valid1;   //Valid flag  //Unused
bool valid2;   //valid Flag  //Unused
bool pending;   //Pending flag
unsigned int pending_timer; //Pending timer
unsigned int data1; //first 32 bits of data
unsigned int data2; //Second 32 bits of data
} tag_element;

////////Memory States definition////////////

typedef enum mem_state { ISSUE,
LOCAL_BUS1,
LOCAL_BUS2,
TAG_BUFFER1,
XCRAM_REQ,
XCRAM_ACC,
XCRAM_RES,
XCRAM_COMPLETE,
ICRAM_REQ,
ICRAM_RES,
ICRAM_ACC,
ICRAM_COMPLETE };

///////Memory level/////////////////////////

typedef enum mem_level { TB,
ICRAM,
XCRAM };

///////Request Type/////////////////////////

typedef enum req_type { WRITE,
READ,
PREFETCH };

///////Request Len//////////////////////////

typedef enum req_len { _32BIT,
_64BIT };

///////Address struct///////////////////////

typedef struct {
unsigned int address;
unsigned int base; //Base address for struct
unsigned int offset;  //Offset
} mem_address;

////////Data payload for address////////////
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typedef struct {
bool data1_valid; //Data1 field is valid
unsigned int data1; //Data1 32 Bits
bool data2_valid; //Data2 field valid
unsigned int data2; //Data2
}data_element;

////////Memory request element/////////////

typedef struct mr {

unsigned int CPU;  //CPU number in column
mem_level LEVEL;   //TB/ICRAM/XCRAM
req_type TYPE;  //write,read,pf;
req_len LEN;  //32/64 bit access
unsigned int BANK;  //Bank number - valid only for XCRAM requests
mem_state STATE;  //State of request
unsigned int timer;  //State timer
unsigned int start_cycle;//Start cycle
unsigned int end_cycle;  //End cycle
unsigned int index;  //Tag Buffer index
mem_address address;  //Address element  
data_element data; //data fields
mr *next; //next pointer
} mem_request;

//Column Bus Status data type

typedef struct {
unsigned int cpu; //originating CPU
bool busy; //Bus Busy
unsigned int timer; //Bus busy timer
} bus_status;

typedef struct {
unsigned int cpu; //originating cpu
bool busy; //Busy state
unsigned int req_timer; //Next request can be accepted
bool active; //Active state
unsigned int active_timer; //Next active command accepted
} bank_status;

typedef struct {
unsigned int id; //lock id
bool busy; //busy flag
} lock_element;

typedef struct { //for statistics at  core level
unsigned int num_packets; //Number of packets
unsigned int num_stalls;//Number of stall cycles
unsigned int pf_icm32_latency;//Total pf latency for 32 bit access to ICM
unsigned int pf_xcm32_latency;//pf latency - 32-bit access to XCM

unsigned int pf_icm64_latency;//pf latency - 64 bit access to ICM
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unsigned int pf_xcm64_latency;//pf latency - 64 bit access to XCM

unsigned write_icm32_latency;//write latency-32 bit access to ICM
unsigned write_xcm32_latency;//write latency-32 bit access to XCM
unsigned write_icm64_latency;//write latency-64 bit access to ICM
unsigned write_xcm64_latency;//write latency-64 bit access to XCM

unsigned int num_icm32_pf;//Number of 32 bit prefetches to ICM
unsigned int num_xcm32_pf;//Number of 32 bit prefetches to XCM
unsigned int num_icm64_pf;//Number of 64 bit prefetches to ICM
unsigned int num_xcm64_pf;//Number of 64 bit prefetches to XCM

unsigned int num_icm32_writes;//Number of 32 bit writes to ICM
unsigned int num_xcm32_writes;//Number of 32 bit writes to XCM
unsigned int num_icm64_writes;//Number of 64 bit writes to ICM
unsigned int num_xcm64_writes;//Number of 64 bit writes to XCM

unsigned int num_icm32_reads; //Number of 32 bit reads to ICM
unsigned int num_xcm32_reads; //Number of 32 bit reads to XCM
unsigned int num_icm64_reads; //Number of 64 bit reads to ICM
unsigned int num_xcm64_reads; //Number of 64 bit reads to XCM

unsigned int *pending_cycles; //Total pending/active cycles
unsigned int *num_req; //Requests per tag element

} cpu_data;

//////////////Defining the Color Codes//////////////
typedef enum COLOR_CODE {RED,

YELLOW,
GREEN,
WHITE };

/////ToToasterContext control segment definition/////
typedef struct ttc_control { //Control Context fields

COLOR_CODE color; //Color (for Diffserv)
unsigned int enq_qid; //Q# for current packet
unsigned int deq_qid; //Q# to dequeue from
unsigned int empty_q; //empty Q feedback info for toaster
bool drop; //drop control bit
bool ef; //Expedited Forwarding - dont enqueue
bool empty; //empty context flag

};

/////To record queues that are empty/////////////////
typedef struct empty_list_element {

unsigned int qid; //q that is empty
empty_list_element *next;//next pointer

};

////////////TTC definition-context thro toaster//////
typedef struct ttc {

link_element *packet; //Pointer to Packet Header
ttc_control *control; //Pointer to control segment
ttc *next;   //Next Pointer
} t2_context;
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typedef unsigned int RAM_ELEMENT;

///////////Stats Structure for RAMs//////////////////
typedef struct RAM_STATS {

unsigned int active_cycles; //# of cycles the bank was active
unsigned int RD_32; //# of 32 bit read/pf requests
unsigned int RD_64; //# of 64 bit read/pf requests
unsigned int WR_32; //# of 32 bit write/pf requests
unsigned int WR_64; //# of 64 bit write/pf requests
unsigned int atomic; //# of Atomic requests
};
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Simulator Parameters

Parameter.h

#include <stdio.h>
#include <stdlib.h>

/////////////global CONSTANT RATE defines/////////////////

#define OC192 10000 //10 x 1000 Mbps
#define OC48 2500 //2.5 x 1000 Mbps
#define OC12 622 //622 Mbps
#define OC3 155 //155 Mbps

///////////////global clock define////////////////////////

#define CLOCK_PD 10e-9 //10 ns

/////////////////Constant definitions/////////////////////

#define BW_BITS 20
#define MAX_BW 2.5e+9
#define GRANULARITY (MAX_BW/(2^BW_BITS))
#define BW_FACTOR (GRANULARITY*CLOCK_PD)
#define AVERAGE_PACKET_SIZE 200

////////////////System Configuration/////////////////////

///////////////IP Parser/ IP Interface///////////////////

//////////////Number of Input links/Ports////////////////
#define NUM_IP_LINKS  4 // Count from 1

//Occupancy factor for the link//////////////////////////
//The link has enough flows to fulfill this factor///////
#define IP_LINK_OCCUPANCY 7e-1

///////////Size of the Input Interface queue/////////////
#define IP_Q_SIZE  2000

////////////Transfer limit in bytes//////////////////////
#define PORT_TO_IQ  6

///////////////Output Parser/OP Interface ///////////////

////////////////Number of Output links/ports/////////////
#define NUM_OP_LINKS  4

#define OP_BUFFER_SIZE 1000

#define OP_DRAIN_RATE 4
#define INFINITE_DRAIN_RATE true

///////////////////Bypass Option//////////////////////////

//Enable options for components
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//If true, NPC is bypassed and
#define BYPASS_NPC false

///////////////////DMA Config////////////////////////////

#define IPM_SIZE 128000

////////////////BUS CONSTRAINTS//////////////////////////

#define INFINITE_BUS false
#define DMA_OPIF_BYTE_RATE 64
#define T2_CONTEXT_SIZE 128
#define NPC_DMA_BYTE_RATE 64
#define DMA_NPC_BYTE_RATE 64
#define IPIF_DMA_BYTE_RATE 64

//////////////////Q CONFIG///////////////////////////////
#define NUM_QUEUES 1024

//////////////////Q Metrics Transient Compensation///////
#define TRANSIENT_COMPENSATE_NUM 100
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Toaster Parameters

T_parameter.h

//////////////////Toaster Parameters//////////////////////////

//////////////////Layout Parameters///////////////////////////

///////////////////Number of Rows/////////////////////////////
#define NUM_ROWS 4

//////////////////Number of Columns///////////////////////////
#define NUM_COLS 4

//////////////////IB//////////////////////////////////////////
#define IB_LIMIT 1

////////////////////Tag buffer////////////////////////////////
#define TB_SIZE 8

////////////////////XCM Config////////////////////////////////

#define NUM_BANKS 8 //Number of Banks

#define XCM_MEMORY 262144 //256 KB Total XCM Memory

#define XCM_BANK_SIZE (XCM_MEMORY/NUM_BANKS)

#define XCM_LINE_SIZE 4 //Line size = 4 Bytes

#define NUM_XCM_LINES (XCM_BANK_SIZE/XCM_LINE_SIZE)

#define SPLIT_XCRAM_REQ_BUS true

///////////////////ICM Config/////////////////////////////////

#define ICM_MEMORY 16384

#define ICM_LINE_SIZE 4 //Line size = 4 Bytes

#define NUM_ICM_LINES (ICM_MEMORY/ICM_LINE_SIZE)

#define SPLIT_ICRAM_REQ_BUS true


