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MIPS

Source: Solidum Networks, 2000

� Wide spread of required MIPS 

between different applications

� ~200 – 3000 instr. / packet

� High-end parallel CPU’s clusters already 

for “low-end” applications

� Equivalent of 3-4 Pentium III (1GHz) 

for OC-48 CoS forwarding

� Imbalance between NP functions

� Classification, security and traffic 

management consume most MIPS

� Off-load CPU from processing

intensive task with flexible

HW assists and coprocessors

NPU Challenge: Processing Performance
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NPU Challenge: Processing Performance

� Balanced partitioning of total MIPS 

in CPU-MIPS and “HW-MIPS”

� Focus on avoiding:

� flexibility loss through “ASIC 

dominance”

� Performance loss through “CPU 

bottleneck”
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Conventional NPU Architecture

Processor-centric NPU 

Architectures:

� Each packet traverses 

CPUs (multiple times)

� … independent of 

processing demand

� CPU has to perform all bit-

level packet analysis and 

modifications

CPUs

LkUp CoP

Memory

Rx
I/F

Tx
I/F

Challenge:

� Number of events / packets to be handled by 

CPU(s)

� CPU clock cycle budget per packet
206 n823 n3.29 µs/pkt

4.86 M1.21 M304 Kpkt/s

2488622.1155.5Mbps

OC-48OC-12OC-3
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LIS FlexPath NPU Architecture

FlexPath NPU:

� PreProc performs hdr

parsing, bit-level analysis

� PreProc calls address 

LkUp coprocessor

� … and pass results to CPU

� … or bypasses CPU “where 

applicable”

(e.g. TCP/IP ACKs)

� PostProc performs packet 

modifications and issues 

transmission

CPUs

LkUp CoP

Memory

Pre
Proc

Post
Proc

Tx
I/F

Rx
I/F

Optimized function traversal:

� Off-loads bit-level manipulations from 

CPU

� Reduces absolutes events (packets) 

traversing CPUs

Rationality:

� High speed links carry heterogeneous traffic 

mix serving variety of applications

� Processing requirements in NPU vary 

substantially on a per “micro flow” basis
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Quantifying FlexPath Concept Leverage

� Intel IXP 1200 NPU product

� Aquired through LevelOne multi-

Billion $ acquisition

� 6 multi-threaded ASIPs

� 996 MIPS (nominal)

� XILINX Virtex II Pro FPGA

� 2 std. PowerPC 405 RISCs

� 2 x 200 MIPS (nominal)

� LIS–FlexPath NPU architecture
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CPU Bypass Gain Potential
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FlexPath Network Processor SoPC
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� Majority of building blocks 

recruited from IP libraries 

� Only NP specific functions 

developed

Objectives:

� Improve Network-Processor

performance without touching the 

Processor Complex

� Pre-/PostProcessor CPU off-

load

� Packet Buffer Manager

� Achieve commercial NPU 

throughput with conventional 

RISC CPU (PowerPC) on FPGA 

evaluation platform 

Pre-
Processor

Post-
Processor

Path Select



Reconfigurable Functions / 
Reconfigurable Interconnect

Do we sufficiently care about reconfigurable 
interconnects, or is this a “no issue”?

A. Herkersdorf, C. Claus, M. Meitinger, R. Ohlendorf, T. Wild
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Reconfiguration of Functionality

Adder/
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Frames
To be
Recon.
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B
u
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s • Change of functionality is achieved by modifying    

logical elements (CLBs, Routing resources, BRAM)

• Structure of function is modified, communication

to the function remains the same (realized  

through bus macros) 

• Certain number of frames in the bit stream 

changes the configuration memory.

• Adder/Subtractor Design

Bit stream size: 20306 Byte

# of Frames to be reconfig.: 22

Reconfiguration time: 19 ms

• Aim: to reduce this reconfiguration time to less

than 1 ms

[Becker et al., Stechele et al.]
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Reconfiguration

Reconfiguration of Interconnect

AutoRoute

PDRX AR CPU1 CPU2 TX

• Functionality of modules is fixed,

communication paths through system change

• PD contains rule base, which determines

the path of different packet types after

passing the PD

• Rule base lookup rates ~ 200 ns, upper

bound for reconfiguration time

• Rule base update times

~ 100 µs during running system
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Reconfigurable Architectures - Layers
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Reconfiguring functionality by 

changing circuit structure

Reconfiguring interconnects  by 

changing application memory
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Reconfigurable Architectures - Comparison

Control Plane SoftwareInitiator of Reconfiguration

FPGA, ASICFPGAPossible HW platforms

Memory (lookup) contents
HW circuit: CLBs, routing 

resources, BRAM content
What is reconfigured

Online control point SW
Pre-calculated bit streams, 

online modified bit streams

Generator of reconfigur-

ation information

Very hard (~ 200ns), 

circuit must remain fully 

operational during 

reconfiguration

More relaxed (~ 10-100ms), 

circuit can be (partially) 

stopped during 

reconfiguration

Real-time requirements

~ 200ns~ 10-100msReconfiguration time

Reconfiguration of 
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Functionality
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Multiway SoC Interconnect Taxonomy
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• Is there a technical/economical need for additional 

reconfiguration flexibility beyond addressing?

• What are implications for the application from

reconfiguration at interconnect level?


