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L ean Systems Design Technology 

·  Oberon Tradition: 
-  Lean programming and compi lation,  
-  Cooperative multitasking,  
-  Tiled window tracks, 
-  Invokable tool texts  
-  Text elements,  
-  Event-loop,  
 

·  Add-ons: 
-  Invokable objects => 
-  Distribution, 
-  Sharing … 
 

·  Mikro-Plurix: 
-  40 Kilobyte, 
-  VGA-text. 
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Centr al  Tr ansaction L oop 

·  Cooperative Multitasking (Oberon-style): 
-  Central Event-Loop => 
-  Keyboard & Mouse Listener, 
-  System Transaction (GC ..), 
-  Installable Transactions, 
-  Legacy Networking. 
 

·  Kernel Functions: 
-  Initialisation, 
-  Heap allocation, 
-  Interrupt dispatching, 
-  Stationsobject for Context, 
-  Begin- & End-of-Transaction. 
 

·  Transaction Management: 
-  Short Transactions recommended, 
-  Implicit Begin- & End-Of-Transaction for each command, 
-  Automatic restart after a conflict in DSM storage ... 
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Distr ibuted Shared M emor y 

·  Implicit Communication: 
-  Via Distributed Shared Memory, 
-  No RMI/RCP/Corba/.Net, 
-  TCP/FTP externally, 
-  No Pipes, 
-  No MPI ... 
 

·  DSM  Objects: 
-  Regilar pointer accesss, 
-  MMU provides access protection, 
-  Name service - but no file system. 
 

·  Global consistency model: 
-    ACID concept for transactions, 
-    not only for a single object, 
-    Sequential consistency, 
 
����   Optimistic synchronisation of transactions. 



 

5 of  18 

 

Read-Set 
 

Wr ite-Set 
 

Shadow-
copies

 

Reset 
 

Optimist ic Synchronisat ion 

·  Between transactions in cluster stations: 
-  A Read-Set and a Write-Set is built up during the execution of a transaction,, 
-  Before writing to a page a shadow copy is saved, 
-  Commit-Request at End-of-transaktion, 
-  Reset  if  collision  ����  
 

·  Collision resolution: 
-  Serialise through a token, 
-  Currently „First wins“ , 
-  Fairness not provided. 
 

·  Short transactions: 
-  Reduces the collision rate, 
-  Oberon-like commands, 
-  Keyboard and mouse, 
-  Compile a class e.g., 
-  Compress video frame … 
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Interrupt Space INT-write 

TA-committed 
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Resettable Buffer  Obj ects (Smar t Buffer s) 
 

·  Provides repeatable input: 
-  Write-pointer for the interrupt-

Routine is final. 
-  Commit-pointer is effective after a 

successful commit request. 
-  Read-pointer is used by the 

transaction and is automatically 
reset in case of a collision. 

 

·  Smart Buffers mediate between Interrupt-space & Transaction-
space: 
-  Interrupt-Routine deposits input into the smart buffer 
-  When a transaction aborts and later is restarted it may re-read its input. 

·  Buffer elements are not subject to the restart procedure (The class 
carries the attribute „NonTransactional“ ). 

 

·  Smart output buffers might discard the output from a transaction. 
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 Backchaining by means of Backpacks 

·  Improvement compared to linear Backchaining: 
-  The container size for reference variables is no longer doubled, 
-  faster entry and removal of backlinks, 
-  95% of all Backlinks are internal, 
-  better locality of reference, 
-  Hashtable implementation  ... 

·  Incremental GC. 

·  Cyclic GC. 

·  Relocation. 
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Or thogonal Per sistence  

·  Persistence: 
-  for all data which is still accessible (orthogonal), 
-  conceptually the DSM-Cluster is never switched off, 
-  Stations leave the cluster and join again some time later, 
-  import & export of serialised objects is an external option, 
-  there is a cluster-wide name service, but no conventional file system. 

·  Page-Server saves generations of consistent heap-images: 
-  minimizes the time lag for the consistent image, 
-  serves regular page-requests, 
-  shut down the DSM-heap, 
-  restart after an error, 
-  45 Mbytes / sec  ... 
 

·  Heap-image acquisition: 
-  Capture all pages in transit, 
-  Request pages explicitly, 
-  Complete consistency. 
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Throughput and Results 

·  Pro: 
-  20 000 empty transactions / sec, 
-  10 000 lines/sec compiler, 
-  45 Mbytes/sec per hard disk, 
-  200 000 shadow-copies/sec, 
-  High-Speed 3D-Graphics  … 
 

·  Contra: 
-  Fairness not guaranteed, 
-  Java heap allocation strategy, 
-  Screen output is expensive to reset, 
-  False-Sharing is hard to diagnose and to cure ... 
 

·  Optimisation potential: 
-  Controlled allocation of variables, 
-  Optimising compiler, 
-  Fairness protocol ... 
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 Topics for  future Research 

·  Alternative  collision resolution and fairness protocol. 

·  Recognise garbage cycles in the DSM heap. 

·   64-Bit adressing and code generation. 

·  Platform for networked 3D-games. 

·  Fast restart from the server. 

·  False-Sharing Control. 

·   Wide-area DSM. 

·  Versioning. 

·  Security. 

 

·  www.plur ix.de 
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Native Java Compiler  

·  Java Source to native i486: 
-  150 kByte JVM Byte code, 
-  10000 lines / sec. 

·  Direct compilation to DSM: 
-  Bind & Load at compile time, 
-  Early class initialization, 
-  Serialisation is optional. 

·   Direct hardware programming: 
-  “ return”  sequence for interrupt methods. 
-  Compiler class “Magic”  & structs, 
-  inline assembly code … 

·  Java compilation is tedious: 
-  Cyclic imports and initialisation, 
-  Polymorphy and interfaces, 
 
����  Multipass compiler  
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Fr ame-On-Demand“  Techniques  

·  Frames are pulled not fetched.  

·  The frame repetition rate 
depends on the load of the 
individual station and of 
the network. 

·  Only fetch a new frame 
when the old frame is 
invalidated by the Sender. 

·  Refinements: 
-  Compression, 
-  „ Interest Bit“ , 
-  Broadcast. 

·  Traditional streaming technique: 
-  Stream scaling by the sender, 
-  Rate control at the sender, 
-  Flow control. 

 

Frame- 
Buffer 
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Example scenar io for  CeBit  2000: 

·  CeBit2000 Demo ����  

·  Cluster with 3 PCs: 
-  3 video cameras 
-  (Shared) text editor 
-  100 MBit/s ethernet 
-  360ë surround image 
-  Program & Data in DSM 

·  Progam size: 
-  Panorama: 1 KB + 1 MB 
-  OS w/ drivers: 40 KB 
-  Editor: 10 KB 
-  Video: 1 KB 

·  CeBit 2001: 
-   QuickBoot with CD sound, 
-   ATI Radeon high-speed graphics, 
-   Shared TVWindow, DSM-Monitor  ... 
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pointer  var iables 
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heap object 

Heap management with Backl ink 

·   MMU virtualizes address space: 
-  Heap storage currently 4 Gigabytes  
-  4 Megabytes for page tables, 
-  Managed page attributes. 

·  Backchain supports relocation: 
-  Finds all references to an object, 
-  Moves an object within the heap, 
-  Backchain helps to adjust the references, 
-  Relocation allows for heap compaction, 
-  Storage disentanglement in case of ����  False-Shar ing  

·  Garbage Collection: 
-  Objects with empty backchain are garbage, 
-  Cluster-wide incremental garbage collection, 
-  GC works on an empty stack, 
-  Cycle recognition off-line ... 
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False-Shar ing of  DSM -Obj ects 

·  False-Sharing occurs in all page-based DSM-Systems: 
-  Two objects may reside on the same logical memory page, 
-  Accesses are from different nodes, 
-  The page is transferred too often, 
-  An exact definition is difficult ... 
 

 
Storage disen- 
tanglement ����   
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Raytr acing Scene 
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RayTr acing in a DSM  Cluster  

·  Scales well for the current cluster with 12-15 machines: 

 


