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PROGRAMMING MODEL

The VI Architecture eliminates the system-processing overhead of the traditional model by
providing each consumer process with a protected, directly accessible interface to the
network hardware - a Virtual Interface. Each VIrepresents acommunication endpoint. The VI
endpoint pairs can be logically connected to support bi-directional, point-to-point data
transfer. A process may own multiple VI's exported by one or more network adapters. A
network adapter performs the endpoint virtualization directly and subsumes the tasks of
multiplexing; de-multiplexing, and data transfer scheduling normally performed by an OS
kernel and device driver. An adapter completely ensures the reliability of communication
between connectedVI's.

MULTIDEVICE SUPPORT

KSHIPRA transparently directs messagesthrough shared memory orthe network,depending
on whether the destination endpoint is on local node or remote node. This allows parallel
applications tofully exploitthe CLUMPS architecture byproper dataand load partitioning.

NETWORK VIRTUALIZATION

Traffic in one virtual network is never visible to a second virtual network, yet each virtual
network retainsthe direct, user-level networkaccess necessaryfor highperformance. When
distinct virtual networks share the same physical network resources, each continues to
perceive private resources. This communication multiplexing is critical to high performance
message passingwith CLUMPS, since severalprocesses are expected tobe communicatingat
once. Networkvirtualization issupported byboth VIAas wellas AM.

EFFICIENT DATA TRANSFER

The key feature of the VIA communication model is Memory Registration which requires the
source and target databuffers tobe registered with the VI Providerso thatdata is transferred
directly between VI consumer and network without copyingany datato orfrom intermediate
buffers (zero-copy) and bypassing the operating system. The memory registration process
allows the VI consumerto reuse the registered memory buffers,thereby avoiding duplication
of locking and translation operations bythe VIKernel Agent. The data movement operations
can be initiated by writing directly to a Doorbell, which is generally, a NIC register memory-
mapped touser-space. Thus, performance criticaldata-path isoptimized inVIA.
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Why VI Architecture ?
> Designed for Clusters: VIA attacks the problem of the relatively low achievable
performance of interprocess communication (IPC) within a cluster. Cluster computing
consists of short-distance, low-latency, high-bandwidth IPCs between multiple building
blocks
> Protected User Level Primitives: VIA provides a user process a direct access to the
network interface, avoiding intermediate copies of data and bypassing the operating
system in a fully protected fashion
> Reliability guarantees: The reliability attributes of the physical network below VIA
are separated into three different categories:
o Unreliable Delivery guarantees all the data that is delivered is not corrupted
during transmission and will only be delivered once
o Reliable Delivery guarantees that data sent is received uncorrupted, only once,
and in the order that it was sent
o Reliable Reception guarantees that data sent is received uncorrupted, only
once, and in the order that it was sent. This differs from the earlier one in terms
of the operation that is said to be complete only when the data is transferred to
the remote memory
> Remote DMA: Remote functions of reads and writes can be carried out using DMA
without consuming much of the VI resources

CONCURRECNY and SYNCHRONIZATION

The VI Architecture provides the application with an asynchronous interface to the
network. Theasynchronous operations provided by VIA operationsare similarin spiritto
the non-blocking operations of MPI. A program can post descriptor onto the message
queue of a VI without blocking so that the communication and computation can be
overlapped. The completion of a send or receive operation by the network controller is
signaled by flipping a status fieldin the user descriptor. Since the descriptorslive in the
virtual userspace, thecompletion can be checked without any system call (polling). VIA
also supportsboth an interrupt toawaken a process as well as a callback with associated
handler to manage completions. This interruptis generated by the VI kernel agent and
involves theoperating system.

ERROR HANDLING

VIA providesthree levelsof reliability (unreliable-delivery, reliable-delivery andreliable
reception). Based upon the level, the error reporting and handling features vary. The VI
Provider supplies a mechanism by which VI Consumers can register an error handling
function withthe VIProvider. Incase,an errorhandling functionis notregistered, adefault
error handlerlogs theerrors.

MPI

KSHIPRA caters to the needs of parallel computing community by providing an
implementation ofthe AbstractDevice Interface of MPIover VIAas wellas AMinterfaces.
The MPI implementation effectively reflects the low-latency and high-bandwidth
properties of VIA andAM tothe MPIapplications.




