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0. EXECUTIVE SUMMARY

In this Workpackage 5, “Deliver High Performance IOSS for Integration with SIVSS Platform”’,
FORTH contributed as follows:

1. Prior to the switch change of plans, in the first part of year 2 of the project, FORTH completed
the careful study of the TeraChannel Switch scheduling mechanisms and how these are to be
used to provide bandwidth and delay guarantees in the presence of other, (low priority)
congested traffic, including the use of confidence intervals (as requested by the reviewers).
The results of these studies are summarized in section 2 below, and were incorporated into
D4.4, which provided the appropriate context for them, yielding revision D of that document
(March 2005) (including confidence intervals plus many new simulations), and then revision
E which included all further studies beyond March 2005. Please refer to D4.4 revision E for
that topic.

2. FORTH developed and successfully tested extensive hardware prototypes on its recently built
FPGA-based platform (see section 4.1):

e We implemented and successfully tested, thus validating, the buffered crossbar
architecture proposed in WP4 as a possible modification for the next-generation
switch: see section 4.2. Buffered crossbars offer very significant advantages relative
to the current unbuffered ones, like the TeraChannel, thus being appropriate for the
next generation switch. Buffered crossbar switches, communicating with each other
via the RECN protocol will provide efficient, scalable, and low-cost switching fabrics.

e  We implemented the network end-point (network interface card — NIC) functionality
needed for the software prototyping and performance analysis work of WP9. Besides
supporting remote DMA (RDMA) and remote notifications (interrupt-based or flag-
based), this NIC also includes a large set of performance and debug monitors and
counters which were essential for WP9: see section 4.3.

3. On the research front, regarding the roadmap beyond the initial SIVSS platform, FORTH's
research was targeted to the optimization of buffered crossbars, which operate on variable size
packets, with respect to minimizing the on-chip SRAM buffer size. The novel scheduling
methods proposed are briefly reviewed in section 3, and are described in a paper that is
appended to this deliverable.

1. DOCUMENT OVERVIEW

Section 2 reviews FORTH’s contribution towards the performance of the TeraChannel (TC) switch.
Section 3 describes our new research effort on optimizing the buffered crossbar architecture by
reducing its SRAM buffer size. Section 4 presents details on the hardware prototype platform and its
use to (a) validate the buffered crossbar architecture (section 4.2), and (b) provide the network
endpoint functionality needed for the software prototyping and measurements of WP9 (section 4.3).

2. PERFORMANCE CONTRIBUTION: QOS GUARANTEES

The TeraChannel (TC) Switch provides high throughput and includes powerful mechanisms that,
when appropriately used, will provide quality of service (QoS) guarantees to the applications running
on the system. Such QoS guarantees are essential for the desired operation of the system, and
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especially for ensuring the real-time properties of the video streams.

The contributions made by FORTH were presented in D4.4 and are summarized here for the purpose
of completeness:

1. in deliverable D4.4 - revision C (Feb. 2005), we described our first set of experiments
demonstrating that the bandwidth allocated to the competing flows, which all try to get as
much throughput as possible, is within 2% accuracy of the ideal value predicted by the ratio of
their (programmable) weight factors. We also figured-out that a high-priority flow sees a mean
queueing delay of less than 1 or 8 us, dependent on the traffic pattern, when its throughput is
5% or more below its “fair share” of bandwidth (as determined by its programmable weight
factor), even though the link through which it passes is saturated with interfering traffic from
several other flows to the point where the aggregate throughput of that saturated link is 99% of
its peak capacity.

2. in deliverable D4.4-revision D (March 2005), we repeated the same experiments in order to be
confident that our measurements are bounded within a known interval: that interval was less
than 5% with probability greater than 95%. We also described a new set of experiments
showing (a) successful bandwidth allocation to a greater number of competing flows and (b)
distribution of excess bandwidth to flows in proportion to their weights.

3. in deliverable D4.4-revision E, we reported experiments under realistic, video-server-oriented
traffic, showing again successful bandwidth allocation.

3. NEW RESEARCH CONTRIBUTION: REDUCING THE SRAM COST OF
BUFFERED CROSSBARS OPERATING ON VARIABLE SIZE PACKETS

The TC employees a traditional, unbuffered crossbar architecture, like the majority of current high-end
commercial switches, i.e. all payload buffer space is contained in the port (TP) devices and the
crossbar (TX) devices do not contain any such buffer space.

An alternative crossbar architecture, known as “buffered crossbar” or “Combined Input-Crosspoint
Queueing (CICQ)”, is to include (relatively) small buffers at each crosspoint within the crossbar. This
leads to important gains, provided the amount of buffer space is sufficient. The reason why buffered
crossbars were not popular in industry, in the past, is that the required amount of buffer memory inside
the crossbar, for large switches (large port counts), was infeasible in past technologies (0.25-micron
CMOS or wider), while they were believed to be barely feasible in current technologies (0.18- or 0.13-
micron CMOS). With FORTH’s present research contribution, this required amount of buffer memory
is_further reduced, so that now it is clearly feasible and economical.

Within the research community, there has been some work on buffered crossbars in the 90’s, most
notably [1]. In recent years, there have been more research publications on this topic, plus one notable
industrial study by IBM Zurich Reseaerch Lab [2]; this latter publication concerned a design that was
not transferred to production (possibly because of its high cost), however it showed the advantages of
buffered crossbars. FORTH has contributed in the past on buffered crossbar research, being one of the
two initial (1987) proposers of the architecture; in recent years, FORTH has studied the
implementation of weighted round robin (WRR) in buffered crossbars [3], showing that its
implementation is easier than in unbuffered crossbars.

All these background studies had concluded that buffered crossbars have significant advantages over
the previous, traditional bufferless configuration, mostly because of the simplicity and efficiency of
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the scheduling operation (point 1 below), and support for multicast (point 2). However, it recently
became apparent that buffered crossbars have additional advantages, related to variable-size packets—
points 3, 4, and 5 below:

1. The scheduling task is dramatically simplified; WFQ-type QoS is easier to implement; there
are no scheduler inefficiencies to be compensated by speedup.

2. Multicast can be supported and scheduled in a natural, straightforward way.

3. The crossbar can operate directly on variable-size packets, hence there is no need for
segmentation and reassembly circuits.

4. Internal speedup is not needed, because there is no packet segmentation and no scheduler
inefficiencies; hence, the external line rate can be as high as the crossbar line rate.

5. The egress path of the switch needs no buffer memory —at least no large, off-chip memory—
because packet reassembly is not needed, and because, in the lack of internal speedup, there is
no output queue build up; this eliminates a major cost component.

Following these observations, it became apparent that buffered crossbars are a major candidate for the
roadmap beyond the initial SIVSS platform, hence research was needed within SIVSS to determine
several of their aspects that were yet unclear. Our research contributions to this end have been
described in three publications — [5][6][7] - presented at International IEEE Conferences, and they
were appended to deliverable D4.4, revision C (year-1 deliverable).

Our new research contribution, within SIVSS year-2, in WP5, concerns the optimization of buffered
crossbars which operate on variable size packets with respect to the crosspoint buffer size
requirements. Buffered crossbars directly operating on variable size packets require at least one
maximum-packet worth buffer per crosspoint. This results to an on-chip SRAM memory requirement
which under some circumstances, for example when very large packets are to be switched, may not be
possible to satisfy. For this reason, in [6] we described a method to segment packets in order to reduce
the size of the crosspoint buffer needed, while inducing no padding byte overheads; we also connected
our scheme to the ingress line card memory management operations. Although the segmentation
method described in [6] was shown to be very effective, it has two undesirable features: (a) a
reassembly buffer is needed at the egress path of the switch and (b) a packet reassembly delay is
induced.

In our new research effort, in WP5, we apply packet mode scheduling to buffered crossbars in order to
remedy the packet segmentation shortcomings mentioned above. Packet mode scheduling had only
been studied for bufferless input-queued switches: when the central switch scheduler establishes an
input-output port pairing, the pairing is maintained until all cells of the packet are forwarded. The
extension to buffered crossbars is not trivial because the scheduling process does not necessarily
determine such pairings. We introduce two schemes for buffered crossbars: probabilistic and
deterministic packet mode scheduling. The probabilistic case assumes independent crossbar output
schedulers, but requires reassembly buffers. Using simulation we show that it reduces packet delay
compared to the system with pure segmentation and reassembly; for a representantive traffic pattern
the average packet delay is improved by more than 80% for loads up to 50%. Deterministic packet
mode scheduling sacrifices some scheduler independence in order to eliminate reassembly buffers;
based on our simulations, it performs very close to buffered crossbars without segmentation (which
use very large crosspoint buffers), and it also performs always better than packet mode scheduling in
bufferless crossbars. Deterministic packet mode scheduling yields very good performance even though
the crosspoint buffer size is determined by its scheduler round-trip time, and not by the size of the
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packets that it handles, thus holding the promise quite small buffer sizes will suffice for good
performance!

FORTH’s new research contribution has been submitted for publication; the version of January 2006
is appended to the present deliverable.

4. HARDWARE PROTOTYPES

In this section we present the hardware prototypes and the system that we built in order to (a) prove
the feasibility of the Buffered Crossbar switch and (b) provide network interface cards (NIC) for the
WP9 performance analysis work. The prototypes are developed on high performance FPGAs and offer
numerous high speed interfaces that are used to create a rich and complex environment to host
network services.

4.1 System Overview

Our system consists of NIC cards which are attached to host machines and the Buffered Crossbar
Switch which provides a fast and efficient interconnect between the NICs of different machines. The
switch allows the machines of the system to communicate with each other and benefit from the
services offered by other machines. The NICs use the remote DMA (RDMA) technique to achieve the
fastest possible transfer of large volumes of data and communicate with each other across the switch.
The NICs also have extensive monitoring and debugging capabilities in order to measure the
performance and export the state of the system. Fig. 1 illustrates an overview of the system and a real
photo of the system is shown in Fig. 2.

The switch is a Buffered Crossbar switching fabric developed on a Xilinx Virtex Il Pro FPGA with
tens of RocketlOs and offers the connectivity between the NICs. The switch regulates the traffic and
handles congestion with a backpressure flow control protocol between the switch and the NICs.

Each NIC card is developed on a Xilinx Virtex II Pro FPGA and is attached to the PCI-X bus of a host
machine (Intel Xeon). The NIC card is also attached to the switch via the RocketlO network interface
which provides the connectivity with the rest of the system. The PCI-X is the interface of the NIC with
the host processor that runs the actual applications. This interface is used to initiate outgoing packets
to the network and deliver incoming packets to the host memory. The RocketlO is a fast network
interface and allows large data volumes to be exchanged with the other nodes of the network.

The system is used and tested with user initiated traffic but beyond this we have used a remote storage
framework to allow more realistic traffic patterns. In this storage environment one of the machines
hosts storage services and transparently shares a large volume of disk space among the other machines
that belong to the network.
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Fig. 2 Photograph of the system
Buffered Crossbar Switch

The prototype of the switch is developed in a board made by Xilinx, namely the ML325 board [9], and
features a Virtex II Pro FPGA with 2 embedded PowerPCs, an SDRAM and has 20 Rocket IO SMA
interfaces and therefore is an ideal solution for a switch.

The switch that provides the connectivity in the system is a Buffered Crossbar and therefore the CICQ
Architecture is implemented and RocketlOs serve as network interfaces. It is an 8x8 switch where
only 4 ports are used until now. The switch prototype has 64 crosspoint buffers where each of them is
2Kbytes. It has a single priority and has of course inherent ability to switch variable size packets while
no segmentation and reassembly is needed. The operating frequency is 78.125MHz required by the
RocketlOs and combined with the width of the internal paths is sufficient to fully utilize the network
bandwidth. The switch implements a round robin scheduling policy with an output scheduler (OS) per
output port and supports cut-through operation. The flow control is credit based (QFC-style) and is
assigned to the credit schedulers (CS) that exist per input; these credits are interleaved between the
packets.

A more detailed description of the Buffered Crossbar Switch is provided in section 4.2.

NIC Cards

The prototypes of the NIC cards are developed on boards made by DiniGroup, namely the
DN6000K10SC board [10], and feature a Xilinx Virtex II Pro FPGAs. Each development board has a
rich collection of peripheral components such as SDRAMs, SRAMS and Flash memory while the
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Virtex II Pro device has 2 embedded PowerPC processors and 4Mbits of on-chip memory. Moreover
the board has 4 RocketlO SMB interfaces and a 64-bit PCI-X interface.

The NIC design implements a 64-bit PCI-X interface which operates at 100MHz and can provide a
maximum theoretical throughput of 760 Mbytes/sec to the host memory. The calculation of this
throughput assumes a datum transferred in every cycle but actually there is the PCI-X protocol
overhead. The DMA engine of the NIC has a fully functional 64-bit PCI-X Initiator with DMA
capabilities and thus it can directly read or write to the host memory. The PCI-X Target interface of
the NIC is also 64-bits and is used to accept commands from the host processor or deliver status and
performance information.

Commands to the NIC from the host processor reach the PCI-X target interface and are placed in a
memory mapped region which is called DMA Request Queue (section 4.3.1.2). The request queue
allows a maximum of 1024 pending operations with a maximum of 4Kbytes per operation (i.e. one
operating systems page). The request queue also allows the user of the NIC to cluster operations and
offers on-demand processing of every single operation. Another important feature of the request queue
is the local notification which informs the processor about the completion of an operation. When the
operation is completed, the NIC writes a value to a pre-specified memory address. The processor can
then poll that memory address for the completion of a specific operation. Moreover the NIC offers the
remote notification feature which can inform the processor for an incoming packet; this notification
comes in the form of a level-triggered interrupt.

The NIC also implements a RocketlO network interface which is a high speed network interconnect
offering 2.5Gbps of full-duplex network traffic. The RocketlO MultiGigabit Transceivers are offered
by the Virtex II Pro devices and are used for the network transport. A custom network protocol and a
credit based flow control is used to take advantage of the 300 Mbytes/sec provided by the network.

The NIC has two 8Kbyte network FIFOs associated with the incoming and outgoing network traffic.
The outgoing FIFO is used as an elastic buffer but also as a classic input queue regardless of the
destination — a virtual output queue implementation for every network destination is being
implemented and we are ‘almost’ ready to use it and replace single outgoing FIFO. The incoming
FIFO is also used as an elastic buffer but also covers the temporal uncertainties of the PCI-X DMA
accesses. The credit based flow control mechanism is QFC-style and keeps state about every network
destination (crosspoint buffers in the switch). Credits and data share the same links and the credits are
interleaved between the packets.

A more detailed description of the NIC is provided in section 4.3.

4.2 Buffered Crossbar Design and Implementation

In this section we present the organization and the building blocks of the buffered crossbar switch
regarding the prototype implementation in a high performance FPGA. This implementation is based
on the research results presented in [5] and the initial design [8] that proved the feasibility of a 32x32
buffered crossbar in modern ASIC technology. The current report focuses on porting the latter design
in a high end FPGA environment which can support millions of transistor logic, several Mbits of on-
chip memory and many multi-gigabit network links.

4.2.1 Buffered Crossbar Organization

The buffered crossbar switch is implemented in a development board made by Xilinx. We use the
ML325 Characterization Board [9] with features a Virtex II PRO XC2VP70K device and has 20
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RocketlO SMA interfaces on the board. The FPGA device has 74K logic cells and 6Mbits of on-chip
memory in 328 embedded Block RAMs (BRAMs) of 18Kbits each. Moreover, its 20 RocketlO hard-
blocks operate at 156.25 Mhz and each one provides 2.5Gbps of full duplex network throughput. The
internal interfaces of the RocketlOs operate at 78.125Mhz on a 32-bit datapath, hence this fact sets the
frequency limit of the crossbar. Since the RocketlOs are placed in both the top and bottom side of the
FPGA, the manufacturer demands two clocks deriving from different crystals and therefore we
consider two clock domains for the switch. Those features of the board enable us to develop a
prototype of the buffered crossbar with decent size, performance and real life characteristics.

The architecture of the crossbar is based on the work of [5] and [8] where all the related details are
discussed. We have implemented an 8x8 buffered crossbar, with 32-bit datapath, on the FPGA
whereas we managed to achieve a 10x10 configuration utilizing 65% of the FPGA logic. This
configuration seems to be the practical limit for the current FPGA device since there are too many
wires to be routed.

For the 8x8 configuration we have 64 crosspoint buffers with 2Kbytes and 8 RocketlOs for the
network interfaces. In our custom network protocol the packet headers/trailers are 16 bytes as
described in section 4.3.2.4 and the minimum payload size is 8 bytes (one 64-bit word of NIC’s PCI-
X). Consequently the minimum size of a packet is 24bytes which is translated in 6 clock cycles in our
32-bit datapath. We also defined the maximum payload size to 496 bytes hence the maximum packet
size is 512 bytes (128 cycles). This maximum size is an effect of the size of each crosspoint buffer and
the round trip time (RTT) of the network (section 4.3.2.2), as explained in [5].

The building blocks of the switch are:

the crosspoint buffers and associated logic

the output schedulers (OS) per output

the credit schedulers (CS) per input

o the RocketlO interfaces per link which are described in section 4.3.2

o O O

The block diagram of a 4x4 buffered crossbar is shown in Fig. 3 and a real photo in Fig. 4 .

Page 10 of 40



/
D5.4 - FORTH Switch Feasibility & Research Contribution Report (rev.B) @E

Crosspoints
2.5 Gbps TP o) H e pep—
Interface i l itr: l o l I i l i
IR RN RNIE TR
! b i : :
i P ! i i
| o | | |
2.5 Gbps | RocketlO| | Lo | : !
Interface i Pl : i i
i P ! i i
| o | | |
! b i : :
i Pl ! i i
i P ! i i
i = | | |
! b i : :
i Pl ! i i
! . i ! |
| o | | |
2.5 Gbps RocketlO| ! | | i i
< Interface | | l ;: l | l | l |
| N 5 | |
! b i : :
i Pl ! i i
i P ! i i
| o | | |
A — R SR P R L — e
¥ L l : : :
| - | | | |
P | l : | Credit !
o | i i ' ! Schedulersi
P ve | iy bed ] gy Network i
i — - — - — - H
08| CS 08| Cs 08| Cs

Packet and Credit
Data for the Network

Fig. 3 Buffered Crossbar Internal Architecture

4.2.2 Crosspoint Buffers

Each crosspoint buffer is a 2Kbyte dual ported show-ahead FIFO in a 512x32 configuration and
utilizes 1 BRAM for each buffer. The logic of the crosspoint receives the packets and the associated
flags (start of packet and end of packet) from the network interface and enqueues them to the memory.
When a new packet starts entering the crosspoint buffer then the logic informs the output scheduler
(OS) of the crossbar column through a synchronizer circuit; remember that there are two clock
domains. Additionally, the crosspoint buffer is able to dequeue a 32-bit word in every cycle when the
OS requests it.
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4.2.3 Output Scheduler (OS)

The output scheduler (OS) is responsible to select an eligible flow (crosspoint buffer) from the column
and forward the existing packet(s) to the network interface. It also generates the corresponding credit
(the size of the outgoing packet) and sends that to the associated credit scheduler (CS) of the input.

For every crosspoint of the column the OS keeps the number of enqueued packets for each buffer in
counters and based on these it generates an eligibility mask. When there are eligible flows in the
column then the OS selects one of them by applying plain round robin policy and informs the network
interface. The round robin policy is implemented with a priority enforcer which keeps state of the last
served flow and it requires a single clock cycle for the decision. The crosspoint logic needs 3 clock
cycles due to synchronization to inform the OS for the packet and then the OS applies the scheduling
policy and informs the network interface. This sequence of events requires only 5 clock cycles and
therefore the OS can support cut-through operation even for minimum sized packets (24 bytes = 6
clock cycles). In order for OS to support back to back transmission to the network and to hide the
scheduling latency it performs pre-scheduling. While a packet is transmitted and there are eligible
flows, then the OS selects the next eligible flow according to the policy and informs the network
interface 3 cycles before the previous packet finishes.

The packets are dequeued from the network interface when it has credits for the outgoing path while
the crosspoint selection of the OS is transparent to the interface. When the transmission starts then the
OS informs the associated CS with the size of the packet.

4.2.4 Credit Scheduler (CS)

The credit schedulers (CS) are dedicated per input, follow the QFC-like approach [8] and hold the
number of bytes that departed for a specific pair of input and output. Each CS receives from every OS
the number of bytes that departed and originated from the associated input. The CS keeps state, in
counters, of the accumulated bytes that departed whereas the wrap-around of the counters does not
affect the protocol and the correctness of the system as described in [5],[8]. Note also that the OS and
CS might work in different clock domains so the credit data are synchronized in 3 clock cycles.

The CS also interacts with the network interface and provides the credit data to be transmitted when
requested; one credit at a time. However, CS is responsible to provide credits for every possible
destination/output the input sends the packets. Therefore, the CS provides the credits to the network
interface in a round robin fashion. The round robin policy is applied initially at the modified credits
values and later at the unmodified to compensate for possible credit corruptions or losses.

4.2.5 RocketlO Network Interface

Each RocketlO network interface is responsible to decode the packet headers and enqueue the
incoming packets in the appropriate crosspoints of the associated crossbar row. It also keeps state of
the incoming credits that concern the incoming buffer of the connected NIC. Besides, the network
interface should transmit the outgoing packets and the credits it receives from the associated OS and
CS whenever it has credits. Detailed description is provided in Section 4.3.2.
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Fig. 4 Photograph of the switch

4.2.6 Tests and Verification in the System Platform

The buffered crossbar switch as shown in section 4.1 is the interconnect between the NICs of different
machines and transports the network traffic. The system platform is a rich and complex environment
which includes machines with Intel Xeon processors, PCI-X host interfaces with the NICs and
RocketlO interconnects with the Buffered Crossbar switch. The test and verification of the switch
involves software initiated traffic from the NICs to the crossbar.

For the verification of the switch we developed software modules that initiate network traffic from the
NICs to the switch with programmable packet sizes and programmable network destinations. These
modules also examine the received and transmitted packets and report CRC error, packet losses or
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other system errors. We have run extensive tests on the system to verify the correct operation of the
switch. The tests we have run are the following:

1.

Ping-pong test between two NICs through the switch:

One of the machines is the initiator of the test which transmits a packet and waits the other
machine, the target, to respond with the same packet. We have run this test with many
different packet sizes in the range of 24bytes — 512bytes. We have made billions of
iterations and overnight tests involving billions of packets to ensure the correct operation.
Our system has not reported errors; hence the system passed successfully these tests.

1-way test through the switch:

One of the machines is the initiator of the test which transmits back to back packets to a
target machine through the switch without waiting any response. We have run this test
with many different packet sizes in the range of 24bytes — 512bytes. We have made
billions of iterations and overnight tests involving billions of packets to ensure the correct
operation. Our system has not reported errors; hence the system passed successfully these
tests. The measured throughput was 287 Mbytes/sec (theoretical max. 300 Mbytes/sec).

1-way test to itself through the switch:

The initiator of the test transmits back to back packets to itself through the switch without
waiting any response. We have run this test with many different packet sizes in the range
of 24bytes — 512bytes.We have made billions of iterations and overnight tests involving
billions of packets to ensure the correct operation. Our system has not reported errors;
hence the system passed successfully these tests. The measured throughput was 270
Mbytes/sec since there is both incoming and outgoing traffic to the NIC (theoretical max.
300 Mbytes/sec).

1-way test with 3 senders and I receiver:

There are 3 initiators that transmit back to back packets to 1 single receiver through the
switch without waiting any response. This test stresses out the switch because is generates
output contention and activates the flow control mechanisms of the NICs and the switch.
We have run this test with many different packet sizes in the range of 24bytes —
512bytes.We have made billions of iterations and overnight tests involving billions of
packets to ensure the correct operation. Our system has not reported errors; hence the
system passed successfully these tests. The measured throughput was 93 Mbytes/sec on
every sender, hence 279 Mbytes/sec on the receiver (theoretical max. 300 Mbytes/sec).

Round robin 1-way test to any network destination

There are 4 initiators that transmit in round robin fashion to all the network destinations
without waiting any response. The round robin policy is applied in a per packet basis. This
and all the other tests have fair temporal randomness since the network nodes obtain their
packet data through PCI-X DMA accesses which come under the arbitration policy of
each host’s PCI-X bridge.This test also stresses out the switch because is generates output
contention and activates the flow control mechanisms of the NICs and the switch. We
have run this test with many different packet sizes in the range of 24bytes — 512bytes.We
have made billions of iterations and overnight tests involving billions of packets to ensure
the correct operation. Our system has not reported errors; hence the system passed
successfully these tests.

The next step is to accurately measure the metrics that indicate the buffered crossbar performance
under balanced or unbalanced traffic, with more random network destination and packet sizes.
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4.3 NIC Design and Implementation

4.3.1 PCI-X DMA Engine Module
The block diagram of the PCI-X module is shown in Fig. 5.
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Fig. 5 PCI-X DMA Engine Block Diagram
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The Target block implements the PCI-X target interface. The same block is used for the configuration
space and therefore contains all the necessary configuration registers defined by the PCI-X standard.
The DMA request queue, DMA operation registers and the performance counters/timers are updated
and read through this target interface. These transactions can be 32 or 64-bits wide in burst or non-
burst mode. The target block also supports dual address cycle. Moreover, one outstanding split
completion is supported. Each such split completion can be 32 or 64 data bits wide. Finally, the target
asserts the interrupt line upon receipt of the appropriate signal from the DMA Fifo block.

The DMA Initiator consists of a PCI-X master interface while it also provides the full functionality of
a DMA engine from/to the host’s memory. It uses physical PCI addresses. It starts the DMA transfers
according to their order in the DMA request queue. These PCI-X transactions are multiples of 64-bits
(ACK64 is ignored) and can issue a dual address cycle access if the 32 most significant address bits
are non-zero.

The Operation Registers & Performance Counters/Timers block contains a control register,
registers that store the PCI addresses for the remote and local notifications and several other
performance counters. These registers are further explained in section “DMA Operation Registers”.

The Host to Net Fifo is written by data acquired from the PCI bus, either from a block read
transaction performed by the initiator, or by split completion transactions received by the target
module. It also provides clock domain synchronization between the PCI and network clock. In the
current configuration, the size of this fifo is 1023 words of 64 bits each. The FIFO size is not 1024
because of the design limitation relative to head and tail pointers.

The Net to Host Fifo is written by the network module. It also provides clock domain synchronization
between the PCI and network clocks. In the current configuration, the size of this fifo is 1023 words of
64 bits each.

The DMA Request Queue holds up to 1024 outstanding requests, set by the host (later on they will be
set by the on-chip CPU as well).

Finally, the Network Interface block enables the communication of the PCI to the network.

4.3.1.1 PCI Configuration Space

All PCI functional devices must employ a block of 64 configuration 32-bit words for the
implementation of their configuration registers. The next table illustrates the format of the
configuration header region implemented in the NIC.

Address Name
0x00 Device ID Vendor ID
0x04 Status Command
0x08 Class Code Revision ID
0x0C BIST Header Type Latency Timer Cache Line Size
0x10 Base Address Register 0
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0x14 Base Address Register 1

0x18 to 0x30 Not implemented
0x34 Capabilities List
0x38 Not implemented
0x3C Not Implemented Interrupt Pin Interrupt Line
0x40 Application Interrupt Register
0x44 Not implemented
0x48 PCI-X Command Next Capability PCI-X

Capability ID
Ox4c PCI-X Status
e Device ID

This 16-bit value identifies the type of the device. Current value is: 0x17DF

e Vendor ID

This 16-bit value identifies the manufacturer of the device. Current value is: 0x1600

e Status Register

The status register tracks the status of PCI bus-related events. The next table explains the fields

implemented in the NIC:
Status Register
Bit Description Action
Location
4.0 (LS) | Reserved Hardwired to zero.
5 66MHz-Capable Current value is: 1. The NIC is capable of
operating at 66 MHZ.
6 UDF Supported Current value is: 0. Device does not support
UDFs.
7 Fast Back-to-Back Current value is: 0. Device does not support fast
Capable back-to-back transfers.
8 Data Parity Reported Set by hardware if the master asserts the SERR

(PCI line) and the parity error response bit in the
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Command Register is set.

10:9 Device Select Timing Current value is: 0x02. The target device’s decode
speed is slow (decode time C).

11 Signaled Target Abort | Set by target whenever it terminates a transaction
with target-abort.

12 Received Target Abort | Set by the master whenever its transaction is
terminated by a target-abort from the currently
addressed target.

13 Received Master Abort | Set by the master whenever its transaction is
terminated due to a master-abort.

14 Signaled System Error | This bit should be set whenever a device generates
a system error on the SERR _ PCI line.

15 (MS) | Detected Parity Error A device should set this bit whenever it detects a

parity error.

e Command Register

This 16-bit register provides basic control over the device’s ability to respond to and/or perform

PCI accesses. The next table explains the fields implemented in the NIC:

Command Register

Bit Description Action
Location
(MS) 15:10 | Reserved No action.
9 Fast Back-to-Back Currently hardwired to 0. Thus disabling fast
Enable back-to-back transfers (PCI-X specification
requirement).
8 System Error Enable When set the NIC can drive the SERR _ line.
7 Wait Cycle Enable This bit is hardwired to zero (No stepping
supported).
6 Parity Error Response | When set the device can report parity errors by
asserting the PERR _ PCI line.
5 VGA Palette Snoop Currently hardwired to 0. Disable VGA Palette

Enable

Snoop.
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4 Memory Write and The NIC DMA initiator does not support memory
Invalidate Enable write and invalidate operations. This bit is
ignored.
3 Special Cycle The NIC do not respond to special cycles. This bit
Recognition is ignored.
2 Master Enable Enables the DMA initiator when set.
1 Memory Access Enable | When set, the device responds to PCI memory
accesses.
0 (LS) I/0 Access Enable Currently hardwired to 0. Disable I/O access.

e Class Code
This is a 24-bit read only register that defines the revision ID. Current value is: 0x020000
e Revision ID

This 8-bit value is assigned by the manufacturer to identify the revision number of the device.
Current value is: 0x17

e BIST

The NIC does not implement built-in self-test so the value is currently hardwired to 0x00
e Header Type

Currently hardwired to 0
e Latency Timer

The Latency Timer defines the minimum amount of time, in PCI clock cycles that the master can
retain ownership of the bus. The default value is 0x20 and the recommended value is OxFE.

e Cache Line Size

This read/write configuration register specifies the system cache line size in 32-bit words. The
recommended value is 0x80.

e Base Address Register 0

This register is written by the BIOS at boot time and contains the base address used to access the
NIC RAM (SRAM and DRAM). Currently 27-bit address space is supported by the NIC.

e Base Address Register 1

This register is written by the BIOS at boot time and contains the base address used to access the
DMA initiator registers (addresses 0x000 to Ox1FF) and the DMA request queue BRAM
(addresses 0x200 to 0x3FF).

e Interrupt Pin

This register demonstrates which interrupt pin the device uses. The NIC uses the INTA_PCI line
so the current value is: 0x01

e Interrupt Line
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The Interrupt Line register is read/write and is used to communicate interrupt line routing
information’s.
e Application Interrupt Register

This register is read/write and contains information about the interrupts generated from the NIC.
The next table explains the fields of the register:

Application Interrupt Register Bits

Bit Description Action
Location
0 (LS) Remote Interrupt Enable | If set, an interrupt is generated when a data

packet from the network has arrived, provided
that the corresponding operation code for this
packet had the Interrupt bit set.

3:1 Reserved Reserved for future expansion

4 Remote Interrupt Flag Set by hardware when a data packet from the
network has arrived, and its operation code had
the Interrupt bit set.

75 3’b0 These bits are hardwired to zero.
15:8 8’b0 These bits are hardwired to zero.
23:16 Tail Pointer Value of the request queue tail pointer.
23 1’b0 This bit is hardwired to zero.
30:24 Head Pointer Value of the request queue head pointer.
31(MS) 1’b0 This bit is hardwired to zero.

Capabilities List Register

The Capabilities Register points to the first item in the list of capabilities. This item is the PCI-
X Command Register set therefore the Capabilities Register is hardwired to 0x48

PCI-X Capability IC
This field is hardwired to 0x07 and identifies the Capabilities List as a PCI-X register set
PCI-X Next Capability
This field is hardwired to 0x00 and identifies that the PCI-X register set is the last entry of the
Capabilities List
PCI-X Command

This register is read/write. The next table explains the fields of the register
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PCI-X Command

Bit Description Action
Location
0 (LS) Data Parity Error If set the device will attempt recovery from data
Recovery Enable parity errors.
1 Enable Relaxed Ordering | If set the device is permitted to set the relaxed
ordering bit in the requester attribute phase.
3:2 Maximum Memory Read | This register sets the maximum byte count the
Byte Count device is permitted to use when the initiating a
sequence with one of the burst memory read
commands.
6:4 Maximum Outstanding This register sets the maximum number of split
Split Transactions transactions the device is permitted to have
outstanding at any time.
(MS) 15:7 | Reserved These bits are hardwired to zero.

PCI-X Status
This register is read only. The next table explains the fields of the register

PCI-X Status

Bit Description Action
Location
2:0 (LS) | Function Number Read only. Contains the Function Number.
7:3 Device Number Read only. Contains the Device Number.
15:8 Bus Number Read only. Contains the Bus Number.
26 64- bit Device Hardwired to 1. The device supports 64 bits
transfer.
17 133 MHz Capable Hardwired to 1. The device is 133 MHz
capable.
18 Split Completion This bit is set if the device discards a split
Discarded completion because the requester would not
accept it.
19 Unexpected Split This bit is set if an unexpected split completion
Completion with this device’s requester ID is received.
20 Device Complexity Hardwired to O representing a simple device.
22:21 Designed Maximum Hardwired to 2°b11. The maximum memory
Memory Read Byte read byte count is 4096 bytes.
Count
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25:23 Designed Maximum Hardwired to 3°’b000. The device supports only
Outstanding Split one outstanding split transaction.
Transactions

28:26 Designed Maximum Hardwired to 3’b010 The maximum cumulative
Cumulative Read Size read size is 4K bytes

29 Received Split This bit is set if the device receives a split
Completion Error completion message with the split completion
Message error attribute bit set.
(MS) 31:30 | Reserved These bits are hardwired to zero.

4.3.1.2 DMA Request Queue

The DMA Request Queue is a cyclic queue and uses two 2-port memories (implemented with
BRAMS) in parallel with 2048 word x 32-bits configuration each and two pointers. We use two
memories to allow 32-bit or 64-bits burst accesses to the queue via the PCI target interface. Each
request is described with 2 entries in the queue. The first defines the PCI source address and the
second the Operation, word count and the remote host destination address as shown in Fig. 6.

The Head Pointer points to the DMA request to be served and the Tail Pointer to the next free Entry of
the DMA Queue (the head pointer follows the tail pointer even they wrap-around). The Tail Pointer is
10 bits (we can have up to 1024 pending Requests). The Head Pointer is 11-bits. The 10 most
significant bits point to the currently served DMA Request and the least significant bit is used to copy
each of the 2 request entries to the DMA engine. The DMA Request Queue is memory mapped and is
accessible by the Host using the PCI target interface in the address range (Base Address Register 1 +
0x4000) up to (Base Address Registerl + 0x4FFF).

The structure of an entry in the DMA Queue is:

o The PCI Source address is used to define the physical host address where the data to be
transmitted exist. These data will be read from the host memory with a DMA operation.

e The Remote Host Destination address is the physical address of the receiver where the data
will be transferred. Bits [31 : 0].

e The Word count field indicates the size of the transfer in 64-bits words. The maximum size of
each transfer is 512 words therefore 4096 bytes. Bits [41 : 32].

e The Operation field indicates the features of the transfer. Bits [63:59]. These bits include a
Remote Notification Flag (Bit [62]) , Local Notification Flag (Bit [61]), Remote Interrupt
Flag (Bit [60]) and a Start Flag (Bit [59] ) which initiates the requests from the head pointer
until the current request (clustering). See also the "NIC Cards” paragraph in section 4.1.
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Fig. 6 The DMA Request Queue

4.3.1.3 Operation Registers & Performance Counters/Timers

This block contains several registers. These registers are accessible via the PCI target interface using
the content of the Base Address Register I and the address offsets given by the next table:

Address Register Name
Offset

DMA Operation Registers

0x00 Control Register

0x04 Head Tail Pointers

0x08 Remote -Notification PCI Address Low

0x0C Remote-Notification PCI Address High

0x10 Local -Notification PCI Address Low
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0x14 Local -Notification PCI Address High

Performance Counters/Timers

0x20 Host2NicDMAops Counter

0x24 Nic2HostDMAops Counter

0x28 Host2NicReq Counter

0x2C Nic2HostReq Counter

0x30 Host2NicQWord Counter

0x34 Nic2HostQWord Counter

0x38 Host2NicDMAactive Timer

0x3C Nic2HostDMAactiveTimer

0x40 Host2NicBusGranted Timer

0x44 Nic2HostBusGranted Timer

0x48 Host2NicDisc Counter

0x4C Nic2HostDisc Counter

0x50 IRQ Active Timer

0x54 IRQ Assertions Counter

0x58 Local Notification Counter

0x5C Remote Notification Counter

0x60 Split Operations Counter

0x64 Split Duration Timer

0x68 Packet Body CRC Error Counter

0x6C Packet Header Alignment Error Counter

0x70 Cumulative Timer

0x74 Host2NetfiFullError Counter

0x78 Nic2HostfiFullError Counter

0x7C Interval Timer Max Value Register
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0x80 Sample Counter

0x84 Sampling Memory Data

Network Module Counters

0x80 Outgoing Net Cycles Counter

0x84 Incoming Net Cycles Counter

0x88 Rocket I/O Unknown Character Counter

0x8C Rocket I/0 Loss of Sync Counter

0x90 Rocket I/O Parity Error Counter

0x94 Rocket I/O Tx Buffer Full Counter

0xA8 Outgoing Net Packets Counter

0xAC Dequeued Words Counter

0xB0 Incoming Net Packets Counter

0xB4 Enqueued Words Counter

0xB8 Header CRC Error Counter

0xBC Net Fifo Alignment Error Counter

0xCO0 Net Backpressure Cycles Counter

0xC4 Host2Net Start Counter

0xC8 Net2Host Start Counter

4.3.1.3.1 DMA Operation Registers
e DMA Control Register
This register is used for debugging purposes. The next table explains the fields of the register:

DMA Control Register [31:0]

Bit Description Action
Location
31:30 Net Loop Back When set the net loop back is activated.
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29:25 Not currently used.
24 Head and Tail Pointers When set it resets the head and tail Pointers
Reset
23:5 Not currently used.
4 Software Reset If set by software, the fifos are cleared and the
FSMs are set to their initial states.
3:1 Not currently used.
0 Initiator Enable DMA Initiator enable bit.

Remote-Notification PCI Address Low

The Remote-Notification PCI Address Low 32-bit R/W register contains the low order bits of
the PCI address to which the remote notification message will be written.

Remote -Notification PCI Address High

The Remote-Notification PCI address high 32-bit R/W register contains the high order bits of
the PCI address to which the remote notification message will be written.

Local-Notification PCI Address Low

The Local-Notification PCI address low 32-bit R/W register contains the low order bits of the
PCI address used for the DMA finish notification.

Local -Notification PCI Address High

The Local-Notification PCI address high 32-bit R/W register contains the high order bits of
the PCI address used for the DMA finish notification.

4.3.1.3.2 Performance Counters | Timers

Host2NicDMAops Counter

The Host to NIC DMA Operations counter is a 32-bit R/W counter incremented every time a
DMA transfer from Host to NIC is completed (request queue FSM transition to state
NoPndOp).

Nic2HostDMAops Counter

The NIC to Host DMA Operations counter is a 32-bit R/W counter incremented every time a
DMA transfer from NIC to host is completed (request queue FSM transition to state
NoPndOp).

Host2NicReq Counter

The Host to NIC Request counter is a 32-bit R/W counter incremented every time a PCI bus
request from Host to NIC is completed (request queue FSM transition to state NoPndOp).

Nic2HostReq Counter

The NIC to Host Request counter is a 32-bit R/W counter incremented every time a PCI bus
request from NIC to host is completed (request queue FSM transition to state NoPndOp).

Host2NicQWord Counter
The Host to NIC Quad-Word counter is a 32-bit R/W counter incremented every time a 64-bit
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word is transferred from the host to the NIC during a DMA operation.

e Nic2HostQWord Counter
The NIC to Host Quad-Word counter is a 32-bit R/W counter incremented every time a 64-bit
word is transferred from the NIC to the host during a DMA operation.

e Host2NicDMAactive Timer

The Host to NIC DMA Active timer is a 32-bit R/W timer measuring the duration in clock
cycles of the DMA transfers from host to NIC. The time interval starts when the REQ PCI
signal is asserted and ends when the DMA is completed (request queue FSM transition to state
NoPndOp).

e Nic2HostDMAactive Timer

The NIC to Host DMA Active timer is a 32-bit R/W timer measuring the duration in clock
cycles of the DMA transfers from NIC to Host. The time interval starts when the REQ PCI
signal is asserted and ends when the DMA is completed (request queue FSM transition to state
NoPndOp).

e Host2NicBusGranted Timer

The Host to NIC Bus Granted timer is a 32-bit R/W timer measuring the sum of the time
intervals during which DMA transfers from host to NIC take place. The time interval starts
when the FRAME PCI signal is asserted and ends when the last data phase is completed
(request queue FSM transition to state NoPndOp).

e Nic2HostBusGranted Timer

The NIC to Host Bus Granted timer is a 32-bit R/W timer measuring the sum of the time
intervals during which DMA transfers from NIC to host take place. The time interval starts
when the FRAME PClI signal is asserted and ends when the last data phase is completed.

e Host2NicDisc Counter

The Host to NIC Disconnect counter is a 32-bits R/W counter. The value of the timer is
incremented every time a DMA transfer (Host to NIC) is disconnected due to a latency timer
timeout.

e Nic2HostDisc Counter

The NIC to Host Disconnect counter is a 32-bits R/W counter. The value of the timer is
incremented every time a DMA transfer (NIC to host) is disconnected due to a latency timer
timeout.

o JRQActivet Timer

The Interrupt Request Active timer is a 32-bits R/W timer. This timer counts the PCI clock
cycles that the interrupt request line INTA _remains Active.

e JRQ Assertions Counter

The IRQ Assertion counter is a 32-bits R/W Counter. This counter is incremented at the
interrupt line’s negative edge.

e Local Notification Counter

The Local Notification counter is a 32-bits R/W counter. This counter is incremented with the
completion of a local notification.

¢ Remote Notification Counter

The Remote Notification counter is a 32-bits R/W counter. This counter is incremented with
the completion of a remote notification.

e Split Operations Counter

The Split Operations counter is a 32-bits R/W counter. This counter is incremented upon
receipt of a split response.
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Split Duration Timer

The Split Duration timer is a 32-bits R/W counter. This counter is incremented at every clock
edge between the receipt of the split response and the receipt of the first datum of the first split
completion is supplied.

Packet Body CRC Error Counter
The Packet Body CRC Error counter is a 16-bits R/W counter. The value of this counter is
incremented every time a packet body CRC error is detected.

Packet Header Alignment Error Counter
The Packet Header Alignment Error counter is a 16-bits R/W counter. The value of this
counter is incremented every time an alignment error is detected

Cumulative Timer

The Cumulative timer is a 32-bits R/W timer. The timer is activated by writing an initial value
(eg: 0). Upon the assertion of the REQ_PCI signal of the first DMA transfer the timer starts
counting. Each subsequent read of this timer returns the time interval from the 1* request until
the completion of the last DMA transfer that has finished. In other words, this timer is updated
with the clock cycle count on the UpdtCnt state of the request queue FSM.

Host2NetFifoFullError Counter

The Host to Net Fifo Full Error counter is a 32-bit R/W counter incremented every time a 64-
bit word is transferred from the host to the Net during a DMA operation and is lost due to full
Fifo enqueue.

Net2HostFifoFullError Counter

The Net to Host Fifo Full Error counter is a 32-bit R/W counter incremented every time a 64-
bit word is transferred from the Net to the host during a DMA operation and is lost due to full
Fifo enqueue.

Configurable Sampling Facility

The board offers a configurable sampling facility to estimate the inbound and outbound
bandwidth. After specifying a sampling interval duration (expressed in PCI-X cycles) and
a sample count, the board records in internal memory the number of 64-bit words
transmitted and received during each of the sampling intervals. The internal sampling
memory can hold up to 2048 samples. The collection of samples begins with the first
DMA transaction after setting up the sample count parameter. The counts of inbound and
outbound 64-bit words are accumulative. A utility program can read the sampling memory
and compute the aggregate bandwidth (in MBytes/sec).

e Interval Timer Max Value Register

This 32-bit read write register holds the sampling duration expressed in PCI-X cycles.
e Outgoing Net Packets Outgoing Net Packets Sample Counter

This 32-bit read write counter holds the number of samples to be collected.
e Sampling Memory Data

For each sampling interval, this memory module holds two 32-bit counts, corresponding
to the number of 64-bit words transmitted and received during each of the sampling
intervals. This memory module can hold up to 2048 samples.

4.3.1.3.3 Network Counters
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The next 19 counters are used for debugging purposes and are read clear counters. The software can
read their value performing a load operation to the corresponding offset or clear all the counters
simultaneously performing a store operation to the offset 0x80.

e Outgoing Net Cycles Counter

The Outgoing Net Cycles Counter is incremented in every network clock cycle the network block
transmits data or credits.

e Incoming Net Cycles Counter

The Incoming Net Cycles Counter is incremented in every network clock cycle the network block
receives data or credits

¢ Rocket I/O Unknown Character Counter

The Rocket /0 0 Unknown Character Counter is incremented every time the Rocket I/O 0 detects
an Unknown Character.

e Rocket I/0 Loss of Sync Counter

Rocket I/O 0 Loss of Sync Counter is incremented every time the Rocket I/O 0 detects a Loss of
Sync.

e Rocket I/0 Parity Error Counter

The Rocket 1/0 0 Parity Error Counter is incremented every time the Rocket I/O 0 detects a Parity
Error.

¢ Rocket I/O Tx Buffer Full Counter

The Rocket I/O 0 Tx Buffer Full Counter is incremented every time the Rocket I/0 0 is forced to
discard a byte due to the Tx buffer being full.

e Outgoing Net Packets Counter

The Outgoing Net Packets Counter is incremented every time a packet is send.
e Dequeued Words Counter

The Dequeued Words Counter counts the numbers of words send by the network block.
e Incoming Net Packets Counter

The Incoming Net Packets Counter is incremented every time a packet is received.

e Enqueued Words Counter
The Enqueued Words Counter counts the number of words received from the network block.

e Header CRC Error Counter
The Header CRC Error Counter is incremented every time the network module detects a header
CRC error.

e Net Fifo Alignment Error Counter

The Net Fifo Alignment Error Counter is incremented each time incoming network data are
misaligned.

e Net Backpressure Cycles Counter

The Net Backpressure Cycles Counter represents the network clock cycles the network module
was forced to wait due to lack of credits (backpressure).

e Host2Net Start Counter

Page 29 of 40



/
D5.4 - FORTH Switch Feasibility & Research Contribution Report (rev.B) \éi

The Host2Net Start Counter counts the assertions of the Host2Net Start signal.
e Net2Host Start Counter
The Net2Host Start Counter counts the assertions of the Net2Host Start signal

4.3.1.4 Network Interface

The network interface module utilizes mainly two FIFOs that are used so as to store the outgoing
(Host2NicFIFO) and incoming (Net2HostFIFO) data to/from the network modules of the NIC. The
size of the FIFOs is 1023 68-bit words and they also provide four control signals, namely empty,
almost empty, full and almost full, along with the actual utilization of the FIFO (i.e. the number of
entries currently occupied). The words are 68-bits since the 64 LS bits are used for the data and the
other 4-bit carry control information such as start of packet (bit 65), end of packet (bit 66) and the next
2 bits are reserved for word enables to show which 32-bit data words are valid. Those FIFOs are
connected to the network modules using the interface specified in the following table.

“PClI-block to Network Module Interface

Pin Name Type Size Description
(bits)

Host2NetFiDt Output 68 Host to network FIFO data out.

Host2NetFiDeq Input 1 Network to host FIFO dequeue.

Host2NetPReady | Output 1 Host to network packet ready.

Net2HostfiDt Input 68 Network to host FIFO data in.

Net2HostfiEnq Input 1 Network to host FIFO enqueue.

Net2HostfiSt Output 9 Network to host FIFO status: Number of 64-bit

. words contained in the net to host FIFO.

(Synchronized

with the Network

Module)

Net2HPReady Input 1 Net to host packet ready. This signal indicates
that the incoming packet is in the net to host
FIFO.

Net2HHReady Input 1 Net to host header ready This signal indicates
that the header of the incoming packet is in the
net to host FIFO.

NetPcktError Input 1 Net packet error. This signal indicates the
network detects a header error.

Loop Output 2 Network Loop Back.

00: Normal operation.
01: Not supported.
10: Not supported.

On the outgoing path, Host2NetPReady is asserted every time a full packet is enqueued into the
Host2NetFIFO and thus it is ready to be transmitted over the network. The Host2NetPReady signal is
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synchronous to the net clock and is asserted for one clock cycle. Then the network module, when it
decides that it can process the packet, is responsible for raising the Host2NetFiDeq signal so as to start
the dequeue from the Host2NetFIFO. The Host2NetFiDtout is the 68-bit data bus that is connected to
the output of the Host2NetFIFO. There is also the Host2NetFiSt status bus that is synchronized with
the network module’s clock and is used so as to allow the network module to read the status of the
Host2NetFIFO.

A network packet consists of the header part, the data part (body) and the CRC part. The header part is
the first 68-bit words of the packet and is explained in the table below. Their four most significant bits
identify all such parts. A value of zero represents a data word, a value of one a packet header and a
value of two a body CRC word. The CRC we use is the popular CRC32-Ethernet / AALS which is 32-
bits and its polynomial is:

x32+x26+x23+x22+x16+x12+x11+x10+x8+x7+x5+x4+x2+x1+1.

Header Part Fields
Bit Description Action
Location
(MS) 67:64 | Word Identifier The value of these bits is 4’b0001 for
the header part.
63 Packet Type Identifier This bit is set to 0
62:56 Node ID 128 nodes are supported
55 Operation Code This bit is set to 0
54 Remote Completion Notification Flag
53 Local Completion Notification Flag
52 Remote Interrupt Flag
51 This bit is set to 1
50:42 Not implemented Hardwired to zero
41:32 Packet Size This field contains the payload size in
64 bit words
31:0 (LS) Designation Address This field contains the destination PCI
Address

Page 31 of 40



D5.4 - FORTH Switch Feasibility & Research Contribution Report (rev.B) QZ/E

4.3.2 RocketlO Network Interface Module

The Network Interface (NetlF) Module is the part of the design that enables the communication of the
rest of the fpga modules with the network. This interface is implemented with the Xilinx RocketlO
transceivers. The communication with the rest of the fpga is accomplished through a very simple
interface, which mainly uses asynchronous fifos (as different clock domains are crossed), and just a
few handshaking signals.

\AS_sender

32-bit align
MODULE comma mngnt

l [

CORE MODULE L

/\
',Tazl , ',Taz' |

| | 1 ! 1 ! 1 |
* 68
Credit Insertion

64
& Body CRC pckt_cntr Insert Header
& Body CRC

Al \

errors
start

£ 68 54 g) A
K Y 4 68
|—l PCI MODULE
Net2Host FIFO Host2Net FIFO

Fig. 7 Network Interface Module Block Diagram

The basic structure of the NetlF is outlined in the block diagram of Fig. 7. We will carry on explaining
the functionality of the NetIF as we look at this block diagram. At the bottom of the diagram we see a
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small part of the PCI module, which is the one directly linked to the NetlF. For each direction,
incoming and outgoing, the PCI module deploys a separate asynchronous fifo. The width of the fifo is
68 bits, from which 64 are used for data, and the remaining 4 bits for tagging (flags for several
purposes). This width of each of the two fifos is directly linked to the data format exchanged among
the two modules. The data to be exchanged is formed into packets, and is then send to the NetIF. The
NetlF on the other hand, takes that packet, sends it to the network after applying the needed
modifications and additions. At the receiving side, it takes a packet, and after striping any network
overhead, gives it to the PCI module (or any other receiving module). Explanations on the packet
format can be found in section 4.3.2.4.

Let us first describe the transmitting side of the diagram. After the PCI module has inserted a
complete packet into the Host2Net fifo, it raises the start signal for a single clock cycle. The NetIF
knows that now at least a single full packet resides in the fifo. As many packets can simultaneously
reside in the fifo, it is the NetlF’s responsibility to keep track of the number of packets still residing
therein. This of course must be done correctly even if a packet transmission is active at the time a
“start” is signaled. This functionality is carried by the module tagged pckt cntr (packet counter) in the
diagram. Any time a full packet resides in the fifo, the NetlF has the responsibility to read it, and
safely transmit it to the network. To have additional error checking capabilities, the NetlF adds a
header CRC while transmitting, right after the header is send. This is a CRC calculated on the header
bits, which are the most critical data of a packet. Details on the CRCs used can be found in the table
below. As seen in the diagram the data are sent to the network through the RocketlO transceiver. The
RocketlO can reach up to 3.125 GBaud (2.5 Gbps). We use them at this maximum rate. The
AS_sender module, which is directly linked to the RocketlO, adds synchronization information to the
link, at the time periods that no useful network traffic exists.

# bits Function

Polynomial : (05 12 16),

data width : 64,

initial CRC value : 16’hFFFF

first serial data bit : D[63]
polynomial:(012457810 11 12 16 22 23 26 32),
data width : 64,

initial CRC value :32°hFFFF FFFF

first serial data bit : D[63]

At the receiving side, each AS sender has a small synchronization fifo. This is used in order to form
64-bit words, by combining the two 32-bit words of each link. This is needed, as the exact arriving
time of the bits at each link may and will differ, and so the 32-bit words are not presented always at
the same clock cycle from the RocketlO to the AS sender. The fifo then serves for removing this
uncertainty. Before this, the problem of the alignment must be solved.

Header CRC 16

Body CRC | 32

As the RocketlO sends data through a serial link, the deserialization process at the receiving side can
cause misalignment of the bytes. That is the bytes may be found shifted in the received 32-bit word.
This problem can be overcome by using a separate circuit for each link, which uses two consecutive
words to form a valid one. This module is the rcv_align module. This is responsible for taking the
misaligned incoming stream, extract the SOP and synchronization information from the link, and
deliver the packet in its original from. The data are also accompanied by a start flag, in order to pass
delimiting information to the core module.

The whole information (data and flags) are enqueued in the small fifo mentioned earlier, and through
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it are delivered to the core module. After the data are restored to the state they were sent, the incoming
data processing can be made easier. In the beginning we check for credits, and after zero or more
credits, zero or one data packets can follow. The data packet starts with the header, followed by the
header CRC. The header CRC is checked and if it is found to be wrong the packet received is not
passed to the PCI module. If it is correct, it is send, but only after it is correctly added to a 68-bit word,
and the flag bits (the 4 MS bits) of each packet word are accordingly set. At the end of the packet the
body CRC is checked. Correct or not, the packet has already been enqueued, so the result of the body
CRC is just passed across to the other module. On a NIC, both the header and the body CRC are
striped from the packet before it gets delivered. However on the slightly differentiated version for the
crossbar switch, the body CRC is delivered. Finally let as mention that the output labeled “errors”
represent a number of signals that inform the other module of some common errors (header and body
CRC error, alignment error). The last data word is accompanied by an eop flag (bit 65).

4.3.2.1 Describing the Logic Through the Related FSMs

Outgoing path (Host to Network)

==
header CR -

Fig. 8 Host to Network FSM

Fig. 8 depicts the FSM that serves the outgoing path (PCI module to network). This diagram just
includes the states and the transitions, but bare in mind that quite excessive checking is included in
most of the states, in order to accommodate for proper traffic manipulation. This also stands for the
outgoing path FSM, which we will describe shortly. As we see in Fig. 8 the FSM starts from the idle
state, and stays there as long as no traffic exists. When a full valid packet is found in the Host2Net
fifo, the circuit starts sending the module. As a complete packet is enqueued before this process starts,
the FSM can handle the whole packet non-stop, as the difference between the frequencies of the clocks
for the two different sides does not matter. First the SOP is send to the network. This is not included in
the packet, and is added as a network delimiter to a new packet. Then the header is read and sent. At
the next cycle, a header CRC is calculated and is sent over the network. Again, this is not part of the
original packet, and will be used by the receiving network interface, and will then be striped off. Then
the data is sent. The circuit has two ways to double check when the data ends. One is the size that was

Page 34 of 40



D5.4 - FORTH Switch Feasibility & Research Contribution Report (rev.B) QZ/E

found in the header, and the other is the flag at the last 68-bit word that signals the last word. At the
end the body CRC, which was calculated all the way through the payload data transmission, is given.
Notice that in order to enhance performance, the next state of “body CRC” is not only the “idle”, but
it can also be “sop”. This is done when a new packet is ready at the time the current packet is being
sent. At this circumstance, we can immediately move to the “sop” state, and avoid the many unneeded
commas.

Incoming path (Network to Host)

No data/
v Cre%Ji.: tasr/‘lgea:r)> gf:ritS/

Fig. 9 Network to Host FSM

Fig. 9 depicts the FSM that serves the incoming path (network to PCI module). It starts with the start
state. This state has the responsibility to find a start of packet from both of the links, which have been
already properly aligned. This state also manages the incoming credit management. Transmissions can
consist only of credits, or credits and a data packet, in which case one or more credits precede the
packet. If errors occur, the erroneous packet is discarded, and a new packet arrival is awaited. If the
process succeeds, we move on to the “headerCRC” state along with the enqueing of the header to the
Net2Host fifo. However this is not done before this state, the “header CRC”, receives the Header
CRC, and checks its correctness. If it is valid the packet will be enqued to the fifo, as the FSM
advances to the next state. However, if it is found to be wrong, the enqueuing is deactivated, and the
rest of the states are used to just discard the packet. At this time, the NetIF signals to the PCI module
that a packet has arrived, and so the later can start dequeuing it from the Net2Host fifo. Although this
is not absolutely true, it will not result to any errors, as the network runs with a faster clock compared
to the PCI module (78.125MHz vs. 66.67MHz). This way cut-through is implemented in the network-
to-host stream. In later versions that use PCI-X with faster clocks (100MHZ-133MHz) this is not
implemented. Instead a mechanism which is aware of the two frequencies (through user definitions)
calculates a suited time in order to signal start and thus begin cut-through as soon as possible. When
all the data are enqueued to the Net2Host fifo, the EOP flag will be received along with the last data
word. Then the body CRC will be checked and the FSM will get to the “start” state.

4.3.2.2 Round Trip Time (RTT) Considerations

The time that is needed for information to travel from the transmitter to the receiver and again back at
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the transmitter (the RTT) is a quite important parameter of a system. For this system we have
measured the RTT with two different manners: theoretically and through lab testing. In this way we
have been able to compare the two results and see if they agree, in order to have a more reliable RTT
value. For the lab testing we have added some logic in our original design that performs the following
measurement. It counts cycles spent from the beginning of a packet transmission up to the point that
an updated credit gets received. In this way we are sure that the packet has started being delivered at
the receiving host, and after some time, a credit arising from that packet delivery is formed and sent
back to the transmitter. Different experiments have been carried, with different packet sizes to make
sure of the correctness for the lab measurement. The resulting RTT is about 90 network side clock
cycles (78,125MHz clock) plus a number of cycles equal to packet-size/4. This last term is due to the
cut-through latency, explained at section 4.3.2.1, which delays a packet from being delivered from the
NIC to the receiving host. The “/4” is for the latest system that uses PCI-X at 100MHz, and thus is
capable of starting delivering the packet to the host, after the first quarter has arrived from the
network.

packet _size

RTT = (90 + )ce

This number conforms to the theoretical approach and thus the lab measurement seems quite robust.
Briefly referring to the theoretical approach, we mention that the 90 clock cycles mostly involve
RocketlO-to-network and vice-versa (about 45cc), credit granularity (32 cc - details on section 4.3.2.5)
and NIC-to-PCI latency (about Scc).

4.3.2.3 The RocketlO Transceiver Instantiation

In this paragraph we will take a look at some detail concerning the way the RocketlO is used by our
design. The reader should be familiar with Xilinx’s RocketlO transceiver. A reference for this is
“RocketlO Transceiver User Guide” by Xilinx. The GT CUSTOM primitive was used, as it is the
most flexible, allowing the most user modifications. In the current fpga, xc2vp40, the X1Y1 and
X2Y1 MGT locations at the top of the fpga were used. The COMMA character was chosen to be the
default one, K28.5 (‘hBC), and K27.7 (‘hFB) is used as the SOP character. BREFCLK2 was used as
the clock input, as the clock we provide is of a frequency greater than 2.5GHz. Actually the crystal
mounted on the board gives the higher accepted frequency, which is 3.125GHz. BREFCLK2 was used
instead of BREFCLK, as the crystal output on the board enters the fpga through pins H17 and J17, and
so the internal clock routing of the MGTs obligates us to use BREFCLK2. The USERCLKs are
produced from the clock given to the MGTs, with the help of a DCM. The USERCLK is given the
MGT clock divided by two, as we use a user datapath width of 32 bits. The USERCLK?2 is the
USERCLK shifted by 180 degrees. As far as clock recovery is concerned, CLK CORRECT USE is
set to true, to allow correction. CLK COR REPEAT WAIT is set to 0 and CLK COR_KEEP IDLE
is set to false, to allow the maximum capability for clock correction. The RX BUFFER is set to true to
also aid this cause. CLK_ COR _SEQ 1 1 is set to the COMMA character, and CLK COR_SEQ LEN
is set to 1, to allow single COMMA to be the sequence that is allowed to be removed. The CRC
insertion is set to inactive, as the header CRC insertion and checking is done through user designed
circuits. One last thing concerning the RocketIO attributes is that the TX DIFF CTRL is set to 800
instead of the default value 500, and TX PREEMPHASIS is set to 3 instead of the default value 0.
These two values are based on lab testing, as the default values lead to a very high error rate. Note
however that even more moderate setting (e.g. 500 and 2 respectively) could probably lead to a
working set. Finally, as far as loopback is concerned, the core AS module has a 2-bit input that
accepts the loopback mode. The coding of the modes is the one given by the RocketlO specifications,
and the user must be cautious to drive this input at the correct value at all times.
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4.3.2.4 Data Packet Format

The data to be exchanged with the NetlF module are formed into packets. Fig. 10 will guide us
through this description. Each packet is formed from 68-bit words at the interface. These words
exchanged to and from the NetIF module include 64 MS bits for the actual data, and the remaining 4
MS bits of each word add tagging (flags) and are only used to enhance the communication of the two
modules (SOP, EOP, RFU...). The data includes header and body (payload).

9 |9 |oce ’

SOP

Cr |Cr| Header Q@Q Payload é’q"
%/_/ H_/

it: 2 1
er\l,; 0 :rrrw:rr: or more | 8 Bytes | | 8 to 496 Bytes (multiple of 8) |

[ \ [ / |

module's i/f

| on the line |

Fig. 10 The packet format at various interfaces

The packet starts with a 68-bit (one word) header. The format of the actual header (the 64 bits) is
shown in Fig. 11. The 32 LS bits include the PCI address. The next 10 bits correspond to the packet
size. The size is measured in words (64 bit words), and only the payload (the useful data -or body-) are
measured. The header is thus excluded. The next 10 bits are Reserved for Future Use (RFU). Then,
bits 51 through 55 form the opcode, something of no relevance to the NetlF. This will just be
transmitted and will be used by the receiving side’s PCI module. The next 7 bits carry the flow ID,
which must be taken into account by the NetlF. The bit 63 is a flag that tells if the word is a header or
a credit. 0 is used for header, 1 for a credit. Finally the 4 MS bits (only for the interface - not shown)
carry the flags. For the header bit 64 bit must be set to 1 to signal SOP and the rest three to 0. For the
other words all four must be zero, excluding the last word which must have bit 65 set to 1 to signal
EOP.

63 62 55 50 41 31 0

fID | Op| RFU | Size PCI Address

Fig. 11 The Packet Header Format

4.3.2.5 Credit Format and Credit Protocol

Fig. 12 depicts the credit format. Each credit is 16 bits wide. The first 7 bits concern the credit value.
How this value is calculated will be explained shortly. The next 7 bits describe the flow ID, which
means the flow that this credit is meant for. With 7 bits we can support as much as 128 different flows.
Bit 14 is the parity, which is the xor of the previous 14 bits (bits [13:0]). This is created at the
transmitter and checked at receiver. If it is found to be wrong, the credit is discarded, i.e. it is not taken
into account. Finally the MS bit, bit 15, is the flag that differentiates between a credit and a header,
and should be 1 to designate a credit.
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15 14 13 6 0

Flow ID Counter Value

~
Parity

Fig. 12 The Credit Format

Now let us see the credit protocol in some detail. This way we will also understand the meaning of
the “Counter Value” field, seen at Fig. 12. The protocol is based on two cumulative counters at each
NIC. One of these is counting the complete number of words that have been transmitted to the network
since power up. The other counter keeps track of the number of words that have been forwarded from
the network to the host, again in a cumulative manner since power up. This second counter is
transmitted through the “Counter Value” of the credit to the other side. When the other side receives
this credit, it has to compare it with its first counter (the one counting transmitted packets to the
network) and see if there is enough space to send a new packet with a known size (the packet size is
known through its header). In order for this protocol to work, correct initialization of the counters is
needed. That is the fifo size at the other end must be taken into account, so that at start up this is the
free space downstream. One other thing to take into account, is that a cumulative counter will
sometime overflow. In order to compensate for this, the comparators at each side must be aware of
value wrap around. Two extra bits for each counter are enough to implement this mechanism. A last
issue concerns the width of the counters. Based on the RTT of the system, and the need for wrap
around support, our counters end up being 12 bits wide. So the “Counter Value” of the credit is a
subfield of the corresponding counter. Only the 7 most significant bits (bits [11:5]) are transmitted
through the credit. The remaining 5 LS bits are not transmitted, and the receiver treats them as being
all zero. This gives as a more coarse grained granularity for the credits, as an updated credit at the
receiver will only be seen for every 32 (2°) words transmitted. This however does not create any
trouble.
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5. CONCLUSIONS

During year 2 of the project, within WP5, FORTH has:

1. Concluded the verification of the excellent behavior of the teraChannel scheduling mechanisms
for bandwidth allocation and delay guarantees —see D4.4 revision E.

2. Developed innovative methods for reducing the size of the crosspoint buffers of buffered crossbars
to a size determined by its scheduler RTT rather than by the packet sizes, while maintaining the
other excellent properties of buffered crossbars. This yields a realistic architecture with excellent
performance properties, appropriate to become the switching node in the next generation
switching fabrics that will be flow-controlled using the RECN protocol.

3. Implemented and successfully tested on its FPGA-based prototyping platform the buffered
crossbar architecture operating on variable-size packets, thus verifying its correctness.

4. Implemented network interface cards (NIC’s) on its FPGA-based prototyping platform that
provide advanced remote DMA and remote notification services, as well as extensive debug and
performance monitors and counters, for use by the WP9 performance analysis.
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Abstract— Buffered crossbars have emerged as an advanta- A== ] -,
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maximum packet worth buffer per crosspoint. When we cannot
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Although variable size segments can be used to avoid padding
overheads, we are still left with the cost of reassembly buéfs
and reassembly delays. In this paper, we apply packet mode
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packet delay is improved by more than80% for loads up to 50%.
Deterministic packet mode scheduling sacrifices some schddr
independence in order to eliminate reassembly buffers; basl
on our simulations, it performs very close to buffered crosbars
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Fig. 1. Packet mode versus cell mode switch scheduling
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in time, (a) it needs no reassembly buffer, afid) it may
* The authors are also with the Dept. of Computer Science,dusity of ~ Start transmitting the packet right away, ieut-throughis
Crete, Heraklion, Crete, Greece. allowed. Figure 1 illustrates that, under some circumsianc
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packet-mode scheduling reduces packet defte advantage A i> ummm :> T\
is particularly important in systems requiring low later{eyg. J\» A J\., i y
multi-processor cluster interconnects), and become<ijye ‘ M— ‘ LD!»
noticed when cut-through is supported and when traffic i@$ == B$ .\
cludes large packets (e.g. jumbo frames). — ﬂ\*@ L!»
Packet mode scheduling has only been studied for buffer- ] d
less crossbars. Recentlyffered crossbarg¢combined input-
crosspoint queueing - CICQ), have emerged as an advanta-
geous architecture; they contain small buffers at theisro Fig. 2. Bufferless (left) versus buffered crossbar (right)
points, and use backpressure to the ingress line cards 1o pre
vent these crosspoint buffers from overflowing. The first ob-
servation about buffered crossbars concerned the sinypligtentral scheduler which determines input-output portipgé
and high efficiency of their scheduling [6] - [8]; no internalconnections). Packet-mode scheduling is simple: oncena co
speedup is needed to compensate for scheduler inefficggnciection is made, keep it until the last cell of the packet. In
thus allowing the increase of port speed. A subsequent obdaiffered crossbars (right), scheduling is distributed arokb-
vation was that buffered crossbars can directly switatiable- pendent: each input selects a non-full crosspoint and sends
sizepackets [6] [9]. Doing so, without any segmentation, elimit; each output selects a non-empty crosspoint and reads fro
inates the need for speedup to cope with cell-padding ovés-Two or more inputs (A and B in the figure) may send to
head; in turn, the lack of speedup eliminates egress qugueiihe same column; two or more outputs (1 and 2 in the figure)
and the lack of segmentation eliminates reassembly byffemsay read from the same row. Thus, the scheduling process
thus reducing cost [10]. doesnot necessarily determine input-output pairings (it does
Buffered crossbars that use no segmentation at all havéct need to, and that is why it is more efficient). Packet mode,
limitation: the required buffer size per crosspoint is aiskeone however, requires such pairings.
maximum-size packet plus one round-trip-time (RTT) worth o We describe two methods for packet mode scheduling in
data [10]. That buffer space becomes expensive in high ggleuffered crossbars. The first assumes distributed and émdep
switches (the number of crosspoint buffers equals the squdent scheduling at switch input and output ports, as in the
of the port count) and in switches supporting large packetkassical buffered crossbar architecture. We synchrottiee
(e.g. jumbo frames). input and output schedulers so that, whenever their indepen
To overcome this limitation, segmentation and reassemislgnt decisions result to an input-output pairing, thatipgirs
(SAR) has to be re-introduced in buffered crossbars. Howeveaintained for the lifetime of the corresponding packetgra
SAR can be introduced in such a way that no padding overhegaigsion. We call this first schemgrobabilistic packet mode
is incurred, hence no internal speedup is needed: in a previschedulingand we describe it in section Ill. Section IV de-
paper [11], we proposed SAR usingriable-size multi-packet scribes our second methatkterministic packet mode schedul-
segmentdo achieve this goal. The maximum segment sizeg, which obtains determinism (hence eliminates reassem-
can be much smaller than the maximum packet size, thily buffers) by reducing scheduler independence. Section V
drastically reducing crosspoint buffer size; the segmére s compares qualitatively our schemes to the original budgs|
is variable, thus eliminating padding overhead; and migltipcrossbar packet mode scheduling. Section VI presents our si
(small) packets can be placed in a same segment, thus ayoidikation results, evaluating the performance of our scheands
small segments so as to reduce relative header overhead cBynparing them to previous systems. We show that probabilis
contrast, bufferless crossbars need to synchronoushdatzhe tic packet mode scheduling reduces total delay compared to
all ports, hence can only operate with fixed-size segment3¢ system with pure SAR; for a traffic pattern with average
and thus require padding. It is a good thing that SAR can packet size 550 Bytes, the average packet delay (weightéd wi
introduced into buffered crossbars without incurring aeshg  packet size) improves by more th&d% for loads up t650%.
penalty, but how about the reassembly delay (and preclugiorDeterministic scheduling achieves performance very ctose
cut-through) and the reassembly buffer cost that SAR irspliebuffered crossbars without SAR (those that require verydar
This paperapplies packet-mode scheduling to CICQ switchesgsspoint buffers). Furthemore, deterministic scheduin
so as to reduce the reassembly delay, provide the opportumiuffered crossbars performs always better than packet mode
for cut-through transmission and/or eliminate the egress ischeduling in bufferless crossbars. Probabilistic mayupes
assembly buffers when these switches are forced to use SARI to determinstic scheduling depending on traffic pater
Packet-mode scheduling in buffered crossbars is not a trl#-the next section Il, we start by defining the queueing and
ial extension of the bufferless case. Figure 2 illustratess tscheduling architecture under study.
two kinds of crossbar. In bufferless crossbars (left), ¢hsra

v

1 2 1 2

Il. SYSTEM ARCHITECTURE
!the timing diagrams of fig. 1 were drawn ignoring the delays(asing The baseline architecture considered in this paper is the

zero delay) of the line card and scheduler logic: a cell casvbieched in the ; ; ; ; ; ; ;
same time slot when it arrives; a packet departure may stahiei same time one described in our previous work [11]' This section lisss i

slot when its last cell is known to have been scheduled. key features for the purpose of completeness. We assume a
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classical buffered crossbar switch with VOQ's in the ingres A 250 160,80

path of the linecards, and one, small, FIFO buffer at each ;37 437 4// A27 /’F‘M$
crosspoint in the switch core. External packets are coeslert ~ Ziese n‘qent825g_ 056 & 256
into segments in the ingress path and they are switchedghrou 9 836 b;/te;

the crossbar. The probabilistic scheduling scheme needt, sm
per-flow buffers in the egress path of the linecards, wheee th
packets are reassembled before they are transmitted dnéhe |
With the deterministic method the packets need no reassembl
they can be directly transmitted from the crossbar output po  [I1l. PROBABILISTIC PACKET MODE SCHEDULING
on the I|.ne. . ) , A. Detecting pairings and entering packet mode
The size of the internal segments is determined by the oc- . :
cupancy of each VOQ and by the maximum internal transfer V& SaY thgt the ,CI?‘SS'(?&}I buffered crossbar scheduling pro-
unit, s —a system parameter. For queue occupancies ab&¥ S.deterr.mnes dmn, j) pairing Whelj a segment QfaPaC'@t
s, the transfer unit consists of the firstbytes; for smaller IS being written _to crosspoint buﬁéf’” by inputi wh|le the
gueue occupancies, the entire queue contents form a si € Or a previous segment Bfis cgncurrently being read
transfer unit —a variable-size segment, without any pagldi y_(_JUtpUtJ from the same CrOSSpO_'m b_uff_er. When such a
overhead; see fig. 3. This segmentation policy results figam goauring occurs, under some appropriate timing constraihes

memory management operations described in [11]: conges't'@'ﬂUt scheduled'S; and the output schedul@3; will keep

flows have VOQs in DRAM, and they are served at DRANPEMVING the same flow;; until the whole pa_lckeP has been
block granularity; DRAM blocks coincide with maximum_completely forwarded to the crossbar fabric and to the egres

size segments. Uncongested flows bypass the DRAM, a‘f*ﬁfd respectively. We will say that the schedulers operate i

are held in SRAM. A maximum segment size of 256 to 51B3CKet modé?r p.acl;.etP of flow JIC(U g o
Bytes is small enough for crosspoint buffers to have a very O" €xample, in fig. 3, a packet mode transmission may

reasonable co&tand at the same time is large enough fopart for the 556 Byte packet at the tim_e the input_ is writ-
modern SDRAM to easily sustain its peak throughput whd9 Ségment 2 or segment 3 to the relative crosspoint buffer,
transferring exclusively such maximum-size segments.[11] while the outp_ut is reading segment 2 or segment 3 from the
Schedulers are placd) on the ingress path of each linecarg@me crosspoint buffer. We assume that the. input find output
(IS;), to resolve input contentior(ji) at each output port of schedulers serve flqw§ .qt segment granularity, so if a packet
the crossbar(sS;), to resolve output contention; arti) on mode transmission is initiated for the 556 Byte packet, the 4

the egress path of each linecard, serve contending reass’?M—ebpaCketf V‘r’]i" get a free ridf to the (;,-gres%. SimiLarIy, the
bled packets, when packet reassembly is required. Theseg §§t yt(;s of the 5_56_ Bytefpac et got a free rae to the egress
schedulers are simple round-robin schedulers. The oparati uring the transmission of segment 1.

IS; andOS; is the subject of this paper, discussed in section In order to ensure correct operation, bds and0.5; must
N and IV. observe a pairingn time. The decision ofOS; to operate

We neveruse internal speedup (core overspeed), since we ia‘o_paCket mode for a packet of; presumes thaIS?- Ifeeps
Liting the rest of the packet to the crosspoint buffer), so

not need it to achieve top performance; we consider this to\% buff derfl S ically. the dedgisi
a key feature of buffered crossbars. Internal speedupasere that no bufter un ertlow-occurs. ymmetrically, the deaisio
of IS; to operate in packet mode for a packet of flgiy

power consumption, and thus limits port and line-rate dxhla , )
ity. Hence, we always assume that the external and the @os esum.es. tha0S; keeps reading from the same crosspo!nt
(i,7), so that no buffer overflow occurs. Of course, in

links run at the same rate. We assume control lines, sepa lfger ) . .
from data lines, running from the crossbar to the linecaras at3€ & paCkEI 1S complet_ely stored in a crosspoint buffer, or
carrying the credits of the flow control protocol, which isds " ©3S€ its last fragment is _curr_ently being W”tt@"si can

to prevent crosspoint buffers from overflowing. The bandiwid enter packet mode scheduling mdepgnd_en[&’)if. Similarly,

of each control line suffices for the transmission of one itl:reo[S" can entt_er packet mode ;chedullng mdgpenderﬁ)ﬁj
during each minimum-segment time. The crossbar has creffiien there is enough room in the crosspoint butfer for the
queues, used to buffer credits resulting from segments ggyire part of the packet which is p_endmg atthe corresptm@
depart at about the same time from the same crossbar rou ,Q' Actually, the prpblem of havmgtvyo sghedulers_ entering
contenting credits are served round robin. This paper densi packet mode sche_\dulmg at th_e_ corre“ct time syrachronization

a single priority (class of service) level, hence a singleug prot:lem, resemblmg the traditional producer-consumebp

per crosspoint (each input- outputj pair defines a single lem” of operating systems. Below we describe the proposed

flow); see [12] on how a system with just twice as much pufféiPlution.

space per crosspoint can effectively support multipleritgio 0S; can infer a pairing at the time of_ its occurrence: it just
levels. needs to observe both the read and write enable signals of the

crosspoint buffer, while also checking that the same packet
2[BIIXR 5, whereR is the line rate; for usual RTT values, this reducess being read and written. An input scheduler cannot observe
to one maximum-size segment per crosspoint buffer. the pairing sooner than hal®T'T’ from the moment it occurs.

Fig. 3. Segmentation to variable size, multipacket segment
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Since the input does not normally see the output decisions, i - S€Gmen;

needs apecial notificatiorfrom the crossbar in order to know S ||1.PROP W ffer starts

the occurrence of the pairing. £ being written
We claim that if an(i, j) pairing occurs at time,, while At é so,.,

the crosspoint reads a segmeaptof a packetP and writes a = os

segments;,.,, of P, it is safe forOS; to enter packet mode £ fcaton buffer starts

scheduling forP if and only if: |sqw£ ™ brop 4| " being read

tp —ty < At, — RTT (1) B! ‘

. . . time at ingress  time at output
where t,, stands for the timesy,, Starts being written to 9 P

buffer (¢, j) and At, for the maximum segment transmission Fig. 4. Maximum allowed synchronization distance.
time. When the segment size is smaller than the maximum, it

contains the entire tail of the packet and th@S; can enter

packet mode scheduling independentf. If (1) holds,IS; B. Piggybacking Control Signals

is guaranteed to observe the pairing before the transmissio A traditional buffered crossbar exchanges one control sig-
of segments;.,, is completed. Note thaRT'T includes the npa| per data segment: a credit is sent from the crossbar to
decision making latency afS;, so this scheduler will see thean ingress linecard for each data segment that departs from
notification in time for it to enter packet mode. the crossbar to an egress linecard. By contrast, our system
On the other hand, if, —t, > At, — RTT, the notification may need up to three control signals per data segment: (a)
will arrive at the input after the segment transmission is€o pairing notification to the ingress linecard, (b) packet mod
pleted. In the meanwhild,S; may have started serving othemgtification to the egress for cut-through purposes, and (c)
flows and thus it is possible that it will not respond@5; credit to ingress. Fortunately, we can piggyback the notifi-
in time. We name the time interva}, — ¢, synchronization cations (a) in the credit signals, and notifications (b) ie th
distance-SD- and its maximum allowed value for a pairinggata segment headers. Piggyback (a) has a penalty: we lose
to lead to packet mode transmissiori®mq. = At;—RTT. the opportunity to notify some pairings because when antinpu
SDmas is graphically shown in the “space-time diagram” [13ktarts writing to an output after that output has startediren
of fig. 4. Our method works only as long as the round-trip timgye credit has already departed from the crossbar core. To
is smaller than the maximum segment transmission time. \Wartly overcome this inefficiency, the output schedulerldou
consider this to be achievable in usual, realistic systeams, «|gok behind” it after each packet segment transmission is
e.g. with 512B maximum segment size at 10Gb/s and wilbmpleted: whenever it fails to enter packet mode schegiulin
RTT below 400ns [10]. due to the synchronization distance constraint, it “résisi
Following the above discussion, in the proposed methofle same crosspoint during its subsequent decision slot and
the input and output schedulers toggle between two mOdaéqueues from it once more if a pairing occurs.
In the segment modehey serve flows in a (weighted) round  RTT should be increased to include the delay the credit
robin fashion, as in the classical buffered crossbar sdivelu may suffer in credit queues. If the credit scheduler always
In the packet modethey keep serving the same flow untilyives priority to credits carrying a pairing notificatiomen
the whole packet has been forwarded. An output schedugfs delay is at most one credit time. Thus, the maximum
transits from segment to packet mode when a pairing occyfgminated synchronization distance should be reduced by a
and the synchronization distance is smaller than the maximiredit time. Alternatively, the output scheduler shouldrime
allowed. At the time it transits to packet mode, a pairingfied that the credit was delayed and cancel its packet mode

notification is sent to the input counterpart scheduler.#put  gecision and the pairing notification to the input should be
scheduler transits from segment to packet mode when a gairgftopped.

notification from the crossbar core arrives. Note that attmos )
one pairing notification arrives at an input while the rela&: Discussion
tive scheduler is in segment mode and no pairing notificationThe proposed scheme is a combination of packet and seg-
arrives while the scheduler is in packet mode. Both inpatent mode scheduling. Under light loads, when input and
and output schedulers transit from packet to segment maglgput contention is rare, the buffered crossbar almosaydw
scheduling when the packet has been totally forwarded. \Wairs an input to an output port, packet mode transmissimns a
assume that both input and output schedulers serve flowsvaty likely to succeed and our method is very efficient. As in-
segment granularity. put load increases and flows become congested, the scheduler
Once the schedulers have entered packet mode schedularg, more likely not to synchronize themselves, the pergenta
their decisions can be predicted and thus the packet can stdrpacket mode transmissions decreases and our method’s ef-
being transmitted from the egress to the switch output pdectiveness degrades. Simulation results in section VBbB-c
before it is completely stored at the reassembly buffersatWHirmed these hypotheses. When the schedulers are not syn-
is needed is that the output scheduler communicates its matieonized, some packets - or a part of them - are transmitted
of scheduling to the egress path. in segment mode possibly interleaved with segments of other
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packets from/to other links. Thus, egress reassembly isuffe  is an operation entirelinternal to the buffered crossbar
are needed to collect these segments. Since no guarantee for chip, and does not involve any transaction with the ingress
packet mode transmission is provided, the reassemblyriguffe  linecards. As long as the lock for an inputhas been
must be as large as the respective ones in segment mode acquired by an output schedul@S; all flows fi, k # j
scheduling: one maximum packet memory space per flow, per having a partly stored packet at the crosspdink) are

egress line card. ineligible until the lock is released.

The importance of the proposed scheme lies in that it pro3. An ingress linecard receiving a synchronization request
vides the opportunity for cut-through transmission. Guttgh - inferred by the relative bit at the credit packet - gets
is beneficial under light loads since it greatly reduces pack  synchronized to the requesting output right after its cur-
latency. rent segment transmission, if there is one, or right away

Even though the egress buffer size requirement of our method if it is idle. If no synchronization request is received, the
could be considered a drawback compared to packet schedul- input scheduler schedules flows in a round robin fash-
ing in bufferless crossbars, its independent and disibut ion. Whether synchronized or not, the input schedulers
nature are appealing. schedule at segment granularity.

With constraint (1) we impose that evenlif; has initiated
a transfer to output at the time a request for synchronization
with OS; has arrived, it will be able to respond@S; in time.

The protocol described in section |ll spends egress reassanith constraint (2) we guarantee that there are no more than
bly buffers to gain scheduling independence: an outputdsch@ne requests arriving simultaneously at an input and that no
uler is free to start the transmition of a packet even if thequests arrive while an input is synchronized with an outpu
packet is partly stored in the corresponding crosspoirfiebuf Note that the deterministic method does not impose a con-
and there is no guarantee that the input counterpart sadredsgtraint on theRT'T relative to the maximum segment size,
will respond in time with the continuation of the packet. Ifike the probabilistic method does. However, each crosgpoi
we wish to eliminate the egress buffers, we can modify thsuffer should be large enough in order for at leéAtt, +
scheduling of buffered crossbar: an output scheduler showtTT) x R bytes of the packet to fit there. In case the RTT is
start serving a flowf;; whose head packet is partly stored inarge, it is possible that an input has finished the transoriss
the corresponding crosspoint memory, when it is guarantesdthe last fragment of the packet while an output requests
that its input counterpart schedul&6; will start writing to synchronization for that packet. To avoid synchronizafiom
buffer (i, j) no later than the tim&.sS; finishes transmitting different packet transmissions we associateicamvith each
the part AP of the packet already stored therdt refers credit, which is the same with the one of the corresponding
to this time interval. Thus, wheit is guaranteed to satisfy packet. If an input scheduler receives a synchronizatieditr
At x R < AP, whereR is the line rate, we can deterministi-corresponding to a packet already departed from the VOQs,
cally synchronize the input and output schedulers. As dtiestthe scheduler simply discards the synchronization request
each packet may be transmitted in packet mode and thus th@s mentioned above, in this method the input scheduler

IV. DETERMINISTIC PACKET MODE SCHEDULING
A. Scheduling Operation

reassembly buffers can be eliminated. serves flows at segment granularity. On the other hand, butpu
To guarantee thaf\t x R < AP, the buffered crossbar is schedulers operate at packet granularity: each outputatére
scheduled as follows. keeps serving the fragments of a paékeintil the end of the

1. Aflow f;; is eligible by the output schedulérS; if and packet. The flow control credits are released each time such
only if a packet is completely stored in the crosspoirt fragment is transmitted and corresponds to the size of that
buffer (i, j) or AP > (RTT + At,) x R. In this inequal- fragment.
ity, At represents the max-size segment time: when inpgt Discussion
i receives the pairing request, it may delay honoring it for " o )

a time interval up taAt,, because it is busy transmitting At first glanC(_e, deterministic packet mode sched.ulln.g resem

a segment to another crosspoint. Each output schedlt§S the classical request-grant-accept scheduling ittigor
serves the eligible flows round robin at packet granularifpr bufferless crossbars. Resemblance concerns “largespac

An output scheduler asserts a flag in the flow contri@nsmissions: the transmission of packet segments tadise-
credit (as in the probabilistic method) each time it starfy@r core can be considered as the request phase for packet

the transmission of a partly stored packet, requesting S)mpde transmissions, the output scheduling as the granephas
chronization with the corresponding input. while the lock acquisition as the accept phase. The crucial

2. Before an output scheduléXS; starts the transmission ofobservation that discriminates our scheme from the claksic

a partly stored packet at crosspo{aj) it must acquire Pufferless crossbar scheduling is thatsficientirst portion of
a lock associated with input. If that fails, because that & packet should be stored at a crosspoint buffer in ordehtor t

input is currently connected to another output, the Outpg@rresponding flow to become eligible for the output schedul

scheduler .proceeds Serv'”g the next eligible fiow .In. _the3for example the four fragments of the 556 Byte packet in fig Biclv are
round robin schedule. Notice that the lock acquisitiogyead in four segments
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If k& is the fraction of the maximum pack&tthat can be stored pletely partitioned between flows [15]. Then, the bufferesiz
at a crosspoint buffefi, j), input scheduler S; is allowed to requirements are larger than the requirements of our méthod
be “unfaithful” to outputj, transmitting to one or more otherA performance comparison between our scheduling algorithm
outputs, for a time interval up téjTP — RTT, while j has and the memory management algorithms in [14][15] when
already started a transmission for packet whose tail residbey are used for packet mode scheduling in buffered crossba
at inputé. Furthermore, it can be easily shown that at mosjfives rise to future work.

ﬁ output schedulers are allowed to be synchronized with
the same input at the same time. Thus, the greatest the part of
the packet that can be stored at a crosspoint buffer, theéegtea
the decoupling of the schedulers. In the extreme case that thIn this section, we compare qualitatively our scheduling
whole packet can be stored, the schedulers are comple@#iemes for buffered crossbars to the original packet mode
independent. In this paper, we assume that w policy for bufferless, input queued crossbar switches. Argu
and thusk is a little bit larger than zero, assumiml'T < litative comparison appears in section VI.

Aty and At, x R < P. So, at most one output may be The first difference concerns packet size granularity. &ros
synchronized with an input. However, inputs are decoupl@®int buffers allow the input and output schedulers in the
from outputs in the very short run, since they can still traits Crossbar to operate independent of each other, thus etimina
to an Output other than the one Synchronized to them, am the requirement for SynChronized decisions and fixed siz
for an interval equal to the maximum segment time. Thiglls: buffered crossbars can directly switch variable giack-
input-output pairings for packet mode transmissions ate s€ts with fine size granularity10]. In this paper, we maintain

V. PACKET MODE SCHEDULING IN
BUFFERED VS BUFFERLESS CROSSBARS

configured in an approximate manner. scheduling independence, although to a reduced extent. As
) ) a result, our methods yield asynchronous operation and can
C. Relation to Memory Management Scheduling switch variable size segments, with fine-grained segmeat si

There is an interesting analogy between packet mode schemulding overheads are eliminated.
ing for buffered crossbars and the scheduling proposeddih [1 By contrast, packet mode scheduling in bufferless crossbar
for the memory system of ingress line cards. In [14], thi8] assumes cell granularity for packet size. The cell sie i
bulk of each VOQ is held in long-latency DRAM, while thebounded below by the time needed for the crossbar scheduler
head (and tail) of the VOQ is held in low-latency SRAM; do find a bipartite matching; this results in cell sizes ulsual
memory management controller (scheduler) tries to keep &llthe range of 64 to 128 Bytes [14]. Fixed-size cells incur
VOQ head SRAM buffers non-empty, so that these can seadding overhead, which requires internal crossipgedup
the (unpredictable) requests by the crossbar scheduler. Ty a factor of around 2 in the worst c&se
analogy is as follows: VOQ's in long-latency DRAM in [14] Second, we point-out a shortcoming of packet mode schedul-
are analogous to our VOQ's in the ingress linecards; VO@g in bufferless crossbars that does not appear in buffered
head SRAM buffers in [14] are analogous to our crosspointes. Bufferless crossbars requineactpairingsat all times
buffers; the memory management controller of each ingre€snsider a heavily loaded switch where all input ports are
linecard in [14] is analogous to the input scheduler in edch ourrently connected to one output each, and conversely all
our ingress linecards; the (central) crossbar schedulgtdh output ports are being fed by an input each. Connections are
is analogous to our output schedulers. held for an entire packet duration. Consider a case where,

In spite of the analogies between the resources to be schetien one of the connections is terminated —because the cor-
uled, our scheduling algorithms differ from those of [14]. Iresponding packet has been delivered in its entirety-ether
we were to apply the memory management algorithm of [14bnnection happens to have terminated at the same time, Then
(Earliest Critical Queue First - ECQJFto our input schedulers, there is only asingle inputand asingle outputport that
we would have to delay the decisions of the output scheduldvave become available for new pairing(s), hence the sceedul
by approximatelyN x At, byte times, whereAt, is the is forced to again pair the same input to the same output.
maximum segment time; the dequeue requests of each outipigure 5 shows an example of such a traffic pattern. Under
scheduler would suffer a worst case latency of araNndAt, such traffic, the scheduler is forced to maintain the crassba
byte times which would impose the requirement for egressnfiguration “locked” into a fixed set of connections ( flows
buffering. fo,0, f1,1, f2,2, f3,3 in the figure), thus starving all other flows.

The amount of SRAM for VOQ heads, per linecard, in [14], By contrast, buffered crossbars alldemporarysituations
is approximately the same as the crosspoint buffer space, pg&“inexact” pairings, i.e. times when multiple inputs fcavd
crossbar row, in our scheme. The difference is that we assutradfic to a same output or multiple outputs read packets from
complete memory partitioning among the flows, while [14¢rosspoint buffers that had been fed by a same input at differ
assumes complete sharing. Sharing is needed&&¥)F in ent times in the past. These periods of “inexact” input-autp
order to allocate more memory space to the queues that nee4d _
urgent replenishment than the less “critical” queues. Ien 2 1east twice memory space per flow. . .

. . size granularity equals to the crossbar datapath width @B [10]).

tended version of [14], the au_thors also study the requ_w&me 6e.g. with 65-Byte packets in a 64-Byte-cell switch.
for the VOQ head SRAM size when buffer space is com-
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fooreleases input 0 and output 0‘ foo is the only eligible flow since

., only input 0 and output 0 are idle « bimodal- 95% of the packets are minimum sized and 5%
v _time are maximum sized.
o keb+3cells (B e e R T Ry foo « uniform- packet size is uniformly distributed in the range
k+4+4cells ] kj2cells k + 4 cells k+2cells| *** f11 between minimum and maximum Size.
Krzesedls ) [Coraeels ) [Gzesls) [iacels 1+ 2, constant- all packets have the maximum size.
s = eee f . .
iGodls ] | fé seels —J B [—tweels —J*** & 4y the puffered crosshar we assumed Poisson packet ayrival
first packet mode ket mode t issi i
transmitions per input 1 time slot Do input 3 to output 3 while for the bufferless crossbar we modelled packets astbur

of cells, following the same approach as [3]. We chose the
Fig. 5. A staircase-like traffic pattern that leads a packetie scheduler traffic models such that they offer insight on the scheduler
for a bufferless crossbar to “lock” in a fixed configurationsstime at x 4 performance under some “clear and extreme” traffic circum-
switch; the figure shows the 4 flows that are constantly seredter flows L . . .
with non-empty queues exist, but are never served. stances, rather than using just a single, “real life” trafiizdel.

The maximum packets were 8KB large in order to show that

our methods efficiently switch very large packets. In sextio
matchings, allow buffered crossbars to escape from theeab®l-B, VI-C we assume uniform destinations. In section VI-D
“locked” configurations. we present results for unbalanced traffic.

Ongoing work: Although the above traffic scenario is very The delay of a packet in a switch queue was defined as
unlikely to occur, we are worried that the crossbar “locking the time interval between the first byte of the packet argvin
problem may appear in the short run even in usual, realise the queue and its first byte departing from the queue. The
tic traffic patterns. This would result in an increased startotal queueing delay of a packet in the switch was computed as
dard deviation of packet delay; we are currently investiiggt the time interval between the first byte of the packet argvin
this issue in our simulation study. We are also investigatito a VOQ and its first byte departing from the reassembly
whether buffered crossbars could also get “locked” in fixe@uffer, when the system requires egress reassembly huffiers
configurations under some, even more rare, traffic patternsdeparting from the crossbar output port, when it does@onh-
stant delayssuch as propagation and scheduling times, were
subtracted. The delay was averaged over the number of gacket
A. Method with each packet delay contributing the same portion to the

We developed a byte-time-accurate simulator to model tagerage gverage delay or over the number of bytes with
buffered crossbar switch. It handles variable size pacietseach packet delay contributing proportionally to the packe
the switch interfaces and variable size transfer units i ti§ize @verage weighted delqyThe latter measure emphasizes
core. It keeps track of time using the discrete event sirariat the delay of the large packets. The reported delay values are
approach [16]. We modelled the probabilistic scheme (gectiin units of 512 byte times (the transmission time of a 512B
l11-B), labeledPPM below, and the deterministic scheme (secsegment).
tion 1V), labeledDPM. In DPM, we assume that the time to
acquire a lock is equal to the output scheduling time; thidoc ] i .
are granted to the requesting outputs in a round robin manner/Ve first report the results for bimodal packet size. In the
We comparePPM and DPM to buffered crossbars with full, buffered crossbar with pure SAR, for loads upt®, the large
variable-size packets (no SAR, large crosspoint buffei), [ packets were dela_yed in the reassembly buffers for around
labeled VPS and to buffered crossbars with SAR and plaif€ Packet store time (16 segment times). In the rest of the
“segment mode” (not packet-mode) scheduling [11], Iabelé%ad range, thls delay !ncreased S|gn|f|cantly, due to thoketa
SM we used our models from [10] and [11] for these conihterleaving in the switch core. WitRPM, the delay at the
parisons. We also compare to bufferless crossbars, labefé§ess buffers was almost zero for loads ud® because
IQ, that use input queueing (VOQ’s) and operate in cell-tinfe!t-through tran_smlssmr_]s were _po_53|ble at the egress path
granularity using packet mode scheduling; we simulated tR8d the packet interleaving was limiteBPM becomes less
packet mode modification aSLIP from [1]; cell size is 64 efficient for higher loads: egress delay r_eductlon, compave
Bytes and one iteration is assumed. Table | shows the defatf{{, goes down from almost00% for light loads to70%
parameters for all the simulated systems. for loads around).7, and to only30% for a load of0.95.

For the buffered crossbar we assumed minimum packet siZe® delay of small packets was almost the sameiiM
40 Bytes and maximum 8 KB with 1 byte packet size granl§1_ndSM. Fig. 6 shows .the total averageeighteddelay in the
larity. For the bufferless crossbar we consider minimunkpac WO systems. Total weighted delay was reduced by more than
size 64B (1 cell) and maximum 8KB (128 cells), with one-ceff0% for all loads up to50%. When delay is not weighted
packet size granularity. Although this integer-cell sizargi- With packet size, the improvement offered BY>M appears
larity favorslQ (padding overhead is a serious disadvantage Y87y Small, since the delay of small packets - the greatest
IQ - section V), we made this assumption in order to compaPQrt'on of traffic - is the same in both systems. Under uniform

pure scheduling efficiency, factoring out padding overhea@nd constant packet size, similar re_sults_ were seen. Howeve
Three packet size distributions were used: performance improvement was visible in terms aferage

delayas well because the average packet size is much longer

VI. PERFORMANCESTUDY

B. Probabilistic packet mode scheduling
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System | Xpoint Buffer Size (1) | Segment Size (1) RTT (2) | Credit Time (2) | Scheduling Time (2) %
PPM 1 0.078-1 0.95 0.033 0.031 1
DPM 3 0.078-1 0.95 0.033 0.031 1
SM 1 0.078-1 0.95 0.033 0.031 1
VPS 20 N/A 0.95 0.033 0.031 1
1Q N/A 0.125 0 N/A 0.125 1
TABLE |

DEFAULT SIMULATION PARAMETERS
(1) in units of 512 Bytes, (2) in units of 512 Byte times. Alitclves arel6 x 16.

g_w oo ‘ buffered crossbar scheduling, whileP M forbids input con-

éé 100 - ?ﬁ tention when “large” packets are involved. Note that under

%% o T bimodal packet size lock acquisition was almost transgaren

=y, Under uniform packet size, the lock acquisition cosfoP M

%;g P almost equaled the delay &tPM in the egress buffers, and

st ™ thus the performance was almost the same.

§ eml ) (i) Comparison to buffered crossbar with full size packets
input load Fig. 8 (upper row) shows a comparison betwdeR M and

Fig. 6. Performance of probabilistic packet mode scheduliPM) 1/ PS in terms of average delay, and for all of the consid-

compared to segment mode scheduling (SM). The traffic isotmify destined d ket si distributi For bi dal ket si th

and the packet size distribution is bimodal. ered packet size aistri l:IIO.nS.. O.r imodal packet size,
delay curves are almost indistinguishable, but for loads/ab

Z 100 —— ‘ 90% DPM is slightly better. The reason is thAxPM delay

38 e /g of small packets is shorter. I PS, small packets face the

58 = transmission of the large packets which are ahead of them bot

ga e at the input and at the crossbar output. The same happens in

So £ ; .

0 DPM, but to a lesser extent, since the input schedulers must

gg 01 be first synchronized with the output schedulers in ordeafor

22 o packet (mode) transmission to begin. Thus, small packets ha
e tload T greater chances to be transferred to the crossbar coreebefor

Fig. 7. Performance of deterministic packet mode schegu@PM) com- @ Packet transmission begins. For uniform or constant gacke
pared to probabilistic packet mode scheduling (PPM).Tafigris uniformly ~ size, V P.S was superior because of the increased buffer size,
destined and the packet size distribution is bimodal. which is always greater than the average packet (burst) size
and the cost of the lock phase MPM. Note that, for the
. simulated configuratiorl/ P.S uses85% more memory in the
than the segment size. Plots are not shown because Space 12cpar chip
not enoug (iii) Comparison to input queueing:
C. Deterministic packet mode scheduling Figure 8 (bottom row) compares packet mode scheduling in
buffered and bufferless crossbars, in terms of averagey,dela
and for all of the considered packet size distributions. The
superiority of DPM is more pronounced when the average
cket size is small because the efficiency of the buffered
rossbar scheduling is better exploited then.

(i) Comparison to probabilistic packet mode scheduling:
Fig. 7 compare9D PM and PPM, assuming bimodal packet
size and using again theeighteddelay metric. DPM im-
poses a crosspoint buffer delay and that is why it is slight
worse thanPPM at light loads. If desired, one can patch-
up this inefficiency by combiningDPM with PPM. For D. Unbalanced Traffic
loads betweer).4 and 0.8, the weighteddelay was almost
the same for both systems, while for loads betw8ghand
0.95 DPM is slightly better;,PPM'’s extra delay is due to
the delay in reassembly buffers. On the other habd® M

We used the destination distribution model described in
[17] that is based on the Zipf law. Preliminary results sigjge
that PPM and DPM present worst case throughput slightly

: greater thar®5% for all of the simulated packet size distribu-
fjlgr:]gytr?:IZi//Zrt:geSZjneallgypiri::t?its f?r:elosszo?:r?:rgi;%?% tions and when the exponehtis close to 2. Final results will

’ : incl in the final i f th :
and DPM was almost the same. Under constant (maX|munt1))e included in the final version of the paper

packet size, for loads abo9®%, PP M total delay is slightly CONCLUSION
less thanDPM, even though the’?PM delay includes the  \we proposed and evaluatecbeobabilistic and adetermin-

delay at egress. This shows the cost of lock acquisition itic packet mode scheduling scheme for buffered crossbar
DPM: PPM exploits the full matching opportunities of thegyitches. The deterministic scheme performs virtually a8 w
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