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Short recap...

ǒ JavaGAT acts as master key (or passepartout):

ǒAble to access many different types of resources.

ǒList of supported middleware is still increasing!

ǒAbstracts away from (most) details of the middleware.

ǒImproves portability of applications!

ǒSimple and easy to use API.

ǒ Easy way to deploy applications.
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However...

ǒWith many jobs performance may be an issue:

ǒEach job is submitted individually

ǒExpensive with small jobs and long queueing times

ǒ Solution: pilot jobs (many systems exists)

ǒ First acquire resources by submitting a generic job

ǒ Then use own software infrastructure to run jobs on 

these resources, bypassing the queues alltogether

ǒDecouples workload submission from resource 

selection and job execution
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Example (pilot jobs)
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Example (pilot jobs)
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Pilot Job

ǒNeed communication between resources!

ǒNothing new about pilot jobs

ǒMany frameworks exists

ǒHowever: it is a good example to illustrate the 

ñIbis as glueò part of our tutorial!

ǒGlue a jungle of resources into a single resource pool 
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In addition ...

ǒNot all applications use task farming!

ǒMany recent applications require multiple codes

to run concurrently on a collection of resources

ǒCoupled codes

ǒAMUSE (astrophysics), CESM (climate modelling), ... 
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Example (coupled codes)
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We need communication!

ǒ Both pilot jobs and coupled codes need 

communication between resources 

ǒConnecting clusters, grids, clouds, é is hard!

ǒMany sites have connectivity issues

ǒ Firewalls

ǒNetwork Address Translation (NAT)

ǒNon-routed networks

ǒMulti homing

ǒMis-configured machines

ǒ ...
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Existing communication libraries

ǒ Sockets is too low-level for daily use

ǒOnly point-to-point

ǒNo resource management

ǒMPI is too inflexible

ǒ Focus on SPMD model 

ǒ Little support for malleability or fault tolerance

ǒHard to use in heterogeneous environments

ǒNeither can handle firewalls/NAT/etc.
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What do we need

ǒ Something that solves the connectivity issues 

ǒ Less help from the user is better!

ǒ Better resource tracking

ǒMalleability: resources come and go

ǒ Fault Tolerance: resources may crash at any time

ǒRobust and globally unique naming

ǒ Flexible communication primitives

ǒMulticast or many-to-one communication

ǒEfficient serialization of complex data structures
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Ibis

ǒIbis offers ñJungle proofò communication:

ǒSmartSockets

ǒSockets library (on top of regular TCP/IP)

ǒSolves low-level connectivity problems

ǒ Ibis Portability Layer (IPL)

ǒOffers high-level communication primitives and 

resource tracking
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Where are we ?
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SmartSockets
What problems does it solve ?

ǒUnreachable machines:

ǒBehind firewall / NAT or on private network

ǒMachine identification:

ǒMachines have multiple IPs

ǒMultiple machines have the same (private) IP
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Problem 1: Firewalls

ǒ Blocks 'inappropriate' connections

ǒUsually only blocks incoming connections

ǒSome also block outgoing connection
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Problem 2: 
Network Address Translation

ǒ Allows multiple machines to share an IP address
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Problem 2: 
Network Address Translation

Ibis Tutorial - 28 November 2011 17



Problem 2: 
Network Address Translation
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Problem 2: 
Network Address Translation
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Problem 2: 
Network Address Translation
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Problem 3: Multi Homing

ǒ Some sites have multiple networks

ǒ The target address depends on the source of the 

connection
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Problem 4: Non-routed Networks

ǒNo route between local network and internet

ǒOnly the frontend is reachable
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Problem 5:
Machine Identification

ǒ Private IPs (NAT/non-routed) lead to machine 

identification problems 
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SmartSockets Solutions

ǒDetect and solve connectivity problems using:

ǒSmart Addressing

ǒSide channel

ǒSSH Tunneling (pass through firewalls)

ǒSTUN (detect external IP of NAT)

ǒUPnP (automatic port forwarding)

ǒ ...

ǒ Solutions integrated into single socket-like library

ǒMostly transparent to user
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Smart Addressing

ǒ Instead of using a single IP:port combination for 

each process we use:

ǒAll machine addresses

ǒAdd extra information

ǒExternal address + port  for NAT (STUN, UPnP)

ǒSSH contact information

ǒUUID (if entire address is private)

ǒé
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Addressing Examples
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Creating a Connection
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Using Smart Addresses

ǒ This solves machine identification problems

ǒAll addresses are known with multi-homing

ǒEach identity is unique, even with private IPs

ǒ The identity is always checked on connection setup

ǒ Still assumes anyone can create a connection

ǒ This will not help when target is behind NAT/Firewall

ǒ To solve this we need a side channel
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Side channel

ǒOverlay network implemented using a set of hubs

ǒSupport processes for the application

ǒStarted in advance

ǒHubs are run on machines with 'more connectivity'

ǒSuch as cluster frontends, 'open' machines, etc.

ǒHow / where you start them is a separate problem

ǒSolved by IbisDeploy (shown later)
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Hubs

ǒ Similar to a peer-to-peer overlay network

ǒHubs connect to each other 

ǒGossip information about other hubs 

ǒAutomatically discover new hubs and routes

ǒNeed to set up spanning tree (or better)

ǒUse direct connections and SSH tunnels

ǒClients connect to a 'local' hub 

ǒUse as side channel for connection setup

Ibis Tutorial - 28 November 2011 30



Hub Overlay Network
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Advanced Connection Setup

ǒReverse direction of connection setup

ǒ Instruct target to set up connection (using hub)

ǒResults in direct connection

ǒ Splicing (switched off by default)

ǒConnection setup from both sides (using hub)

ǒResults in direct connection

ǒRoute via overlay

ǒCreate virtual connection using hubs

ǒ Forward all data over side channel

ǒResults in indirect connection 
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Advanced Connection Setup
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SmartSockets
Overview of solutions

ǒMachine identification:

ǒSmart addressing

ǒ Identity check at connection setup

ǒUnreachable machines:

ǒSSH tunnels

ǒReverse connection setup

ǒ (Splicing)

ǒRouting over hubs
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Overlay Network
Created by hubs

Ibis Tutorial - 28 November 2011 36



Evaluation

ǒRegular TCP/IP only worked in 6 out of 30

ǒ SmartSockets worked in 30 out of 30
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Evaluation
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Howeveré.

ǒ SmartSockets is great, but too low level

ǒ For Jungle computing we need support for

ǒMalleability

ǒ Fault Tolerance

ǒRobust and globally unique naming

ǒ Flexible communication primitives

ǒ Provided by the Ibis Portability Layer (IPL)
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Ibis Portability Layer 
(IPL)

ǒ Simple API for Jungle Communication

ǒ Flexible communication model

ǒConnection oriented messaging 

ǒAbstract addressing scheme

ǒResource tracking (JEL model)

ǒNotifications when machines join/leave/crash

ǒEfficient serialization 

ǒSend bytes, doubles, objects, etc.

ǒPortable:

ǒSmartSockets, TCP, UDP, MPI, MX, BlueTooth,é
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Communication Model

ǒ Simple communication model

ǒUnidirectional pipes

ǒ Two end points (send and receive ports)

ǒConnection oriented

ǒAllows streaming (good with high latency)
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Flexible Communication Model
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Port Types

ǒ All send and receive ports have a type 

ǒDefined at runtime

ǒSpecify set of capabilities

ǒ Types must match when connecting!
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Port Types

ǒConsists of a set of capabilities:

ǒConnection patterns:

ǒUnicast, many-to-one, one-to-many, many-to-many 

ǒCommunication properties:

ǒFifo ordering, numbering, reliability

ǒSerialization properties:

ǒBytes, primitive types, objects

ǒMessage delivery:

ǒExplicit receipt, automatic upcalls, polling
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Port Types

ǒ Forces programmer to specify how each 

communication channel is used

ǒPrevents bugs

ǒException when contract is breached

ǒAllows efficient implementation to be selected

ǒUnicast only ?

ǒTransfer bytes only ? 

ǒCan save a lot complexity!
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Messages

ǒ Ports communicate using 'messages'

ǒContain read or write methods for 

ǒPrimitive types (byte, int, ...)

ǒObject 

ǒArrays slices (partial write / read in place)

ǒUnlimited message size

ǒStreaming
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Messages Example
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Abstract addressing

ǒ IbisIdentifier:

ǒAbstract óproces address' object

ǒHides network specific details

ǒExamples: SmartSockets addresses, hostnames, 

IP addresses, MPI ranks, etc.

ǒResults in more portable applications 

ǒ Independent of network infrastructure

ǒWhy don't we use ranks ?

ǒHard to support malleability and fault-tolerance!
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Resource Tracking

ǒ IPL offers JEL (join, elect, leave) model

ǒApplication gets signal when someone joins or leaves

ǒSupports elections for distributed decision making

ǒAllows machines to be elected as ñmasterò 

ǒCan ensure totally ordered notifications

ǒ Implemented using separate registry component

ǒServer that tracks application participants

ǒCan track multiple applications simultaneously, 

each in its own pool
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Pools & Malleability
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Pools & Malleability
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Pools & Malleability
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pool -2

Pools & Malleability
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pool -2

Pools & Malleability
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pool -2
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pool -2

Pools & Malleability
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Pools & Malleability

ComplexHPC Spring School 2011 57

Registry

pool -1
pool -3

ibis-az33zx7 ibis-99wf331

ibis-983qq8fibis-bad9955

ibis-pq23zz9

ibis-rt66pp2



pool -2

Pools & Malleability
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Pools & Malleability
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pool -2

Pools & Malleability
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pool -2

Pools & Malleability
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Pools & Malleability
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Registry

ǒMany implementations

ǒCentralized, broadcast, gossiping, etc.

ǒDifferent tradeoffs in functionality, complexity, 

robustness, scalability and consistency

ǒ Application can select the functionality and 

consistency that is needed 

ǒReducing functionality or consistency further 

improves scalability
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IPL Example:
Back to the Pilot Jobs

ǒNow we have Jungle proof communication it 

should be easy to create a pilot job framework

ǒRecipy:

ǒCreate a Pilot Job framework using the IPL

ǒSubmit this to the resources using JavaGAT

ǒDistribute work using the Pilot Job framework

ǒWeôll use this as an IPL code example!
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Pilot Job Framework
Design
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Example Code
Deployment
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Example Code
Deployment



Example Code
Pilot Job
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Example Code
Pilot Job
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Example Code
Pilot Job
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Example Code
Pilot Job
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Example Code
Pilot Job
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Example Code
Pilot Job
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Example Code
Job Server Code


