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Fortran is a modern language



I



Fortran 2003 I I I I



I



Object-oriented Portable C interface Parametrized derived types Strong typing through interfaces



Fortran 2008 I I



Co-arrays First parallel addition to the language
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Fortran 2003



I



Object-oriented I



Objects I I I I



I I I I I



User-defined derived types define classes Type-bound procedures Type constructors Type finalization



Abstract types Inheritance Deferred procedure bindings Overloaded generic procedures Polymorphism
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The co-array model



I



SPMD with a fixed number of virtual images I I I I I



I



A single program is replicated a fixed number of times. num images() returns the number of images at run-time this image() returns the local image index An image corresponds to a logical partition of global memory The physical memory for each image is assigned to some local memory by the run-time system.



Physical processors are assigned to work on a set of images whose memory is local to the processor.
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The co-array model



I



Images are dereferenced by multi-rank co-dimensions. I I I



All variables are local to an image. Only variables declared with co-dimensions are visible across images. Co-indices are dereferenced relative to all the images.



I



allocate and deallocate of co-arrays are collective across all images.



I



sync all is collective across all images.



I



Extra memory buffers to support send/recv are not required.
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Using Co-arrays



real



:: x(n)[p,*]



real



:: y(n)



y(:)



= x(:)



y(:)



= x(:)[r,s] ! remote load



! local load



x(:)[r,s]



= y(:)



! remote store
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Multi-core hierarchies



real,allocatable :: a[:,:,:] p = coresPerChip() q = chipsPerNode() r = nodesPerSystem() allocate(a[p,q,*])



I



x=a



local reference



x = a[:,q,r]



on-chip reference



x = a[p,:,r]



on-node reference



x = a[p,q,:]



off-node reference



This requires interaction with run-time system to partition memory correctly.
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Assigning images to cores



One-to-one I



one core to one image



Many-to-one I



many cores to one image (OpenMP)



One-to-many I



one core to many images (virtual processors)



Many-to-many I



many cores to many images (virtual processors with OpenMP)
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Limitations beyond control of the language



I



Shared caches with unknown design on different chips.



I



Cache coherency protocols



I



Memory partitioning algorithms useed by the run-time system



I



Overheads for spawning threads



I



Bandwidth to local memory



I



Cache contention, thrashing



I



Memory bus contention



I



Memory bank contention



I



TLB reach



Robert W. Numrich



Co-Arrays and Multi-Cores



Modern Fortran The co-array model The co-array model for multi-cores History GPUs Summary



A little history



I



Multi-core, shared-memory systems are not new. I I



I



They all had memory hierarchies. I I I I



I



A,S and B,T and V registers Multiple memory banks Local memory CRAY-2 MSPs and SSPs on CRAY-X1



We never really figured out how to use them well. I I I I I



I



Cray: XMP, YMP, CRAY-2, CRAY-3, C90, T90, X1 They were just bigger.



There was a mish-mash of programming models mostly long forgotten. Controlling memory hierarchies was difficult. Memory consistency was a nightmare. None of them had enough memory bandwidth. Typically good scaling was 2.5 out of 4 or 4 out of 8 or 7 out of 16.



Most of the techniques we used have been lost.
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Co-arrays and GPUs



I



A GPU is an accelerator associated with an image.



I



Compilers should be able to generate code for GPUs.



I



The higher the peak the more unbalanced the machine.



I



GPUs look a lot like long-vector machines such as Cyber 205, CM5, MASPAR etc.
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Compilers that support co-arrays



I



Cray has supported co-arrays for over ten years



I



g95 has a preliminary portable implementation



I



IBM under development



I



Rice University project



I



University of Houston project



I



gfortan in discussion phase



I



Ask Intel for a multi-core implementation
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Summary



I



The co-array model needs little if any change for multi-core.



I



The issues are mainly with the run-time system.



I



Co-arrays work best on hardware with a true global address space. By the way, could we stop making up new terms for a CPU?



I



I



CPU, processor, core, thread, process, task, rank, image, locale, domain, region ...
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