



CELL PROCESSOR.

The CELL PROCESSOR is a combined development by three leading companies in their own fields. – SONY, TOSHIBA, IBM (STI).

Initially it was declared that the development is especially for the next coming Play-Station-3 by SONY.


Basically the next generation technologies like HDTV, BluRay, HD Camcodors and also PS-3 need a very high level of computing power and this is going to need a chip to provide it. The solution for this is CELL.


During the ISSCC on 7-8 Feb. 2005 IBM has released some details about the Cell. IBM describes it as a System On Chip (SOC). 

Cell is very high speed, vectorisable, code streaming supported processor.

WORKING THEORY :






The processor has same working concept of more software responsibilities and less hardware complexity for the shake of higher performance that was tried in Transmeta’s Cursoe processor few years ago. Though working principles are same the hardware design of chip is quite different from that of Cursoe processor at very basic level. The main drawback of the Cursoe processor was the latency time. IBM has removed this problem by the concept of LS (Local Storage). In the Cell each of 8 SPE are provided with its own local LS and a Power Processor Element (PPE) so its look like a complete System

With memory and PU therefore IBM defined the Cell as SOC.

ARCHITACTURE :





In the hardware micro-architecture of the Cell it consists of 8 SPE (Synergic Processing Element), each SPE is again provided by one LS (Local Storage) of capacity of 256K and one PPE (Power Processing Element). Along with the SPEs Cell has also one EIB (Element Interface Bus), MIC (Memory Interface Controller) to establish communication between each elements and memory. Cell is also provided L2 level memory of 256K.

APPLICATION FIELDS:





      All these SPE units are highly vectorisible so Cell behaves like a vectorisable processor that increases its performance at noticeable level in many vectorisable applications such as Audio, Video, 3D Graphics, DSP (Digital Signal Processing), Games, and Server etc. .So these are the mains where the Cell is expected to attack.
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INTRODUCTION:

PROCESSOR:


Processor in any computational system is the part of its core. The fundamental task of a processor is to manage the flow of data between its computational units & storage area (generally RAM/ROM).


However from the last two decades the functional capabilities with  a processor increases noticeably due to main two reasons (I). Because of the competition between leading manufacturers of processors (II). Advances in semiconductor technology. For example in the early 1960 the technology available was SSI technology for fabrication of gates and transistors on chip. As the time goes advances in this technology in the kind of MSI, LSI, VLSI, SLSI are available now.   


Considering the second reason of development in processor field more nearly then we can find that every manufacturer of processor trying to give more & more with keeping all the important factors same as others. For example after launching the first microprocessor as 4004 in 1971 Intel had launched the improved version of it soon in 1972, the soon 8080 in 1974, 8085 in 1976 and so on with the latest  Pentium 4 in the year 2000. Same thing applied to all others like Zialog , Motorola , NIC , IBM etc.  


In this race Transmeta   was appeared with its Cursoe processor few years ago. There was a new concept from David Ditzel and other cofounders of Transmeta of “RISC evaluation”. David and cofounders were trying to simplify the micro-architecture of the processor and moving all the complexity in the software by applying register renaming, speculation, branch prediction, techniques for latency hiding, and wringing more instruction-level parallelism out of code stream. David and cofounders were trying to produce a high performance processor but the side of wrong direction in this was moving the complexity towards the software. This tends to  use  frequent use of memory which creates ever-widening latency gap between the execution unit and memory. So the processor was notoriously  unable to deliver initial performance expactation. And was become off trend.

CELL PROCESSOR :


After a few years IBM has jumped in the race with the same concept of software functionality but has changed the hardware architecture from the very basic level to come over that  draw back of latency gap. This production from IBM , SONY , and TOSHIBA was named as CELL PROCESSOR.


One of the main reasons for Cell’s development is they want to save costs by building their own components. Next generation consumer technologies such as Bluray, HDTV, HD Camcorders and Play-Station 3 will require a very high level of computing power and this is going to need chips to provide it. Previously Sony and Toshiba co-operated on the Play-Station 2 but this tine the designs are a more aggressive and required the help of a third partner to help design. And this design expertise is brought by the IBM.




Thus, from this discussion we can say that CELL PROCESSOR is a high performance processor with less hardware complexity and more software responsibilities.




“STI (SNOY-TOSHIBA-IBM) group defines it as a system on chip(SOC).”

GENERAL OVER VIEW OF CELL PROCESSOR :


During the International Solid State Circuit Conference at San Francisco on 7-8 Feb. 2005 STI group has declared some of the hardware and software details of Cell according to this, 

Specifications:

Following are the some main characteristics of Cell: 


(I).     The clock speed of this processor is more than 4GHz.


(II).    Aggregate memory and I/O speed is 100Gb/S.


(III).   Dual XDR controller gives 25.6Gb/s.


(IV).   Dual configurable interfaces give 76.8Gb/s.


(V).    The memory capacity with only one Cell currently is 256 MB.


          There is also provision to join additional memory using I/O ports.

(VI). 
 Consist of 8 “SPEs” (128 bit vector engines with 128 register                                    each).


(VII).  Per SPE 2 instruction can issue simultaneously per cycle.


(VIII). Peak performance is 256 GigaFlops.


(IX).   The Cell also supports Double precision maths operations.


(X).    256 bytes of Local Storage (LS) is provided with each SPE.


(XI).   2 threads can be handled by the PPE.


(XII).  PPE also includes VMX.


(XIII). Each Cell includes 10 heat sensors.


(XIV). Also each Cell consists of 234 million transistors.


(XV). PPE can contribute some amount of additional of its compute power            with its own FP and VMX.

CELL ARCHITACTURE IN DETAIL:
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THE CELL-CHIP DIAGRAM.


Figure above shows the basic design of the CELL chip. As the information given by IBM at ISSCC the main components in the configuration of the Cell are under :


(I).   SPE (Synergistic Processing Element)


(II).  PPE (The PowerPC Processing Element)


(III). The L2 cache.


(IV). The DMAC(Direct Memory Access Controller).


(V).  The EIB (Element Interconnect Bus).


(VI). The MIC (Memory Interface Controller)


(VII).The Flex I/O interface.  


Each of the above component is described in deep below :

(I). SYNERGISTIC PROCESSING ELEMENT (SPE):


Each Cell consists of 8 SPEs. A SPE is a self contained vector processor which acts independently from the others. They contains 128*128 bit registers, there are also 4 floating point units capable of 32 GigaFlops and 4 Integer units capable of 32 GOPS (Billion of operations per second). Each SPE includes a small 128 kilobyte local memory instead of cache, there is also no virtual memory system used at runtime.
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INDEPENDENT PROCESSING:


The SPEs are not coprocessors they are complete independent processors in their own right. The PPE sets them up with a software Cell and the “kicks” them into action. Once running the APU executes the apulet in the software Cell until it is complete or it is told to stop. The PPE sets up the SPEs using Remote Procedure Calls these are not sent directly to the SPE but rather sent via the DMAC which also performs any memory reads or writes required.

VECTOR PROCESSING:


The SPEs are vector (SIMD) processor, that is they do multiple operations simultaneously with a single instruction. Vector computing has been used in supercomputers since the 1970 and modern CPUs have media accelerators (i.e. SSE, AltiVec) which work on the same principle. Each SPE appears to be capable of 4*32 operations per cycle. In order to work, the programs run will need to be “Vectorised”, this can be done in many application areas such as audio, 3D Graphics and many scientific areas.

SPE LOCAL MEMORY:


The lack of cache and virtual memory systems means the SPEs operate in a different way from conventional CPUs. This will likely make them harder to program but they have been designed this way to reduce complexity and increase performance.


To solve the complexity associated with cache design and to increase performance the Cell designers took the radical approach of not including any. Instead they used a series of local memories, there are 8 of these, 1 in each SPE. The SPEs operate on registers which are read from or written to the local memory. This local memory can access main memory in blocks of 1024 bits but the SPEs cannot act directly on main memory. By not using a caching memory mechanism the designers have removed the need for a lot of the complexity which goes along with a cache. The local memory can only be accessed by the individual SPE, there is no coherency mechanism directly connected to the SPE of local memory. This may sound like an inflexible system which will be complex to program and it most likely is but this system will deliver data to the APU registers at a phenomenal rate. If 2 registers can be moved per cycle to or from the local memory it will in it's first incarnation deliver 147 Gigabytes per second. That's for a single APU, the aggregate bandwidth for all local memories will be over a Terabyte per second - no CPU in the consumer market has a cache which will even get close to that figure. The APUs need to be fed with data and by using a local memory based design the Cell designers have provided plenty of it.

COHERENCY:

While there is not coherency mechanism in the APUs a mechanism does exist. To prevent problems occurring when 2 APUs use the same memory, a mechanism is used, which involves some extra data, stored in the RAM and an extra "busy" bit in the local storage. There are quite a number of diagrams to look at and a detailed explanation in the patent if you wish to read up on the exact mechanism used. However the system is a much simpler system than trying to keep caches up to date since it essentially just marks data as either readable or not and lists which APU tried to get it.

The System can complicate memory access though and slow it down, the additional data stored in RAM could be moved on chip to speed things up but may not be worth the extra silicon and subsequent cost at this point in time.Little is known at this point about the PUs apart from being "Power architecture" but being a conventional CPU design I think it's safe to assume there will be perfectly normal cache and coherency mechanism used within them (presumably modified for the memory subsystem).APUs on their own being well fed with data will make for some highly potent processors. But...

APUs can also be chained, that is they can be set up to process data in a stream using multiple APUs in parallel. In this mode a Cell may approach it's theoretical maximum processing speed of 250 GigaFlops. In part 2 I shall look at this, the rest of the internals of the Cell and other aspects of the architecture.

(II). POWERPC PROCESSOR ELEMENT: 


IBM disclosed neither micro-architectural details nor the performance characteristics of the POWERPC Processing Element during ISSCC 2005. However, what is known is that the PPE processor core is a new core that is fully compliant with the POWERPC instruction set, the VMX instruction set extension inclusive. Additionally, the PPE core is described as a two issue, in-order, 64 bit processor that supports 2 ways SMT. The L1 cache size of the PPE is reported to be 32KB each, and the unified L2 cache is 512 KB in size. Furthermore, the lineage of the PPE can be traced to a research project commissioned by IBM to examine high-speed processor design with aggressive circuit implementations. IBM first in the Journal of Solid State Circuits (JSSC) published the results of this research project in 1998, then again in ISSCC 2000. 


The paper published in JSSC in 1998 described a processor implementation that supported a subset of the POWERPC instruction set, and the paper published in ISSCC 2000 described a processor that supported the complete POWERPC instruction set and operated at 1 GHz on a 0.25µm process technology. The micro-architecture of the research processor was disclosed in some detail in the ISSCC 2000 paper. However, that processor was a single-issue processor whose design goal was to reach high operating frequency by limiting pipe stage delay to 13 FO4, and power consumption limitations were not considered. For the PPE, several major changes in the design goal dictated changes in the micro-architecture from the research processor disclosed at ISSCC in 2000. Firstly, to further increase frequency, the per stage circuit delay design target was lowered from 13 FO4 to 11 FO4. Secondly, limiting power consumption and minimize leakage current were added as high priority design goals for the PPE. Collectively, these changes limited the per stage logic depth, and the pipeline was lengthened as a result. The addition of SMT and the two issues design goal completed the metamorphosis of the research processor to the PPE. The result is a processing core that operates at a high frequency with relatively low power consumption, and perhaps relatively poorer scalar performance compared to the beefy POWER5 processor core. 

(III). THE L2 CACHE:

As with everything else in the Cell architecture the memory system is designed for raw speed, it will have both low latency and very high bandwidth. As mentioned previously memory is accessed in blocks of 1024 bits. The reason for this is not mentioned but as one theory:

While this may reduce flexibility it also decreases memory access latency - the single biggest factor currently holding back computers today. The reason it's faster is the finer the address resolution the more complex the logic and the longer it takes to look it up. The actual looking up may be insignificant on the memory chip but each look-up requires a look-up transaction which involves sending an address from the bank controller to the memory device and this will take time. This time is significant itself as there is one per memory access but what's worse is that every bit of address resolution doubles the number of look-ups required.

If you have 512MB in your PC your RAM look-up resolution is 29 bits(I/O and graphics address are not considered), however the system will read a minimum of 64 bits at a time so resolution is 26 bits. The PC will probably read more than this so you can probably really say 23 bits.

In the Cell design there are 8 banks of 8MB each and if the minimum read is 1024 bits the resolution is 13 bits. An additional 3 bits are used to select the bank but this is done on-chip so will have little impact. Each bit doubles the number of memory look-ups so the PC will be doing a thousand times more memory look-ups per second than the Cell does. The Cell's memory busses will have more time free to transfer data and thus will work closer to their maximum theoretical transfer rate. 

What is not theoretical is the fact the Cell will use very high speed memory connections - Sony and Toshiba licensed 3.2GHz memory technology from Rambus in 2003 . If each cell has total bandwidth of 25.6 Gigabytes per second each bank transfers data at 3.2 Gigabytes per second. Even given this the buses are not large (64 data pins for all 8), this is important as it keeps chip manufacturing costs down.

100 Gigabytes per second sounds huge until you consider top end graphics cards are in the region of 50 Gigabytes per second already, doubling over a couple of years sounds fairly reasonable. But these are just the theoretical figures and never get reached, assuming the system I described above is used the bandwidth on the Cell should be much closer to it's theoretical figure than competing systems and thus will perform better.

SPEs may need to access memory from different Cells especially if a long stream is set up, thus the Cells include a high speed interconnect. Details of this are not known other than they transfer data at 6.4 Gigabits / second per wire. I expect there will be busses of these between each Cell to facilitate the high speed transfer of data to each other. This technology sounds not entirely unlike HyperTransport though the implementation may be very different.

In addition to this a switching system has been devised so if more then 4 Cells are present they too can have fast access to memory. This system may be used in Cell based workstations. It's not clear how more than 8 cells will communicate but I imagine the system could be extended to handle more. IBM have announced a single rack based workstation will be capable of up to 16 TeraFlops, they'll need 64 Cells for this sort of performance so they have obviously found some way of connecting them.

MEMORY PROTACTION:

The memory system also has a memory protection scheme implemented in the DMAC. Memory is divided into "sandboxes" and a mask used to determine which SPE or SPEs can access it. This checking is performed in the DMAC before any access is performed, if an APU attempts to read or write the wrong sandbox the memory access is forbidden.

Existing CPUs include hardware memory protection system but it is a lot more complex than this. They use page tables which indicate the use of blocks of RAM and also indicate if the data is in RAM or on disc, these tables can become large and don't fit on the CPU all at once, this means in order to read a memory location the CPU may first have to read a page table from memory and read data in from disc - all before the data required is read.

In the Cell the APU can either issue a memory access or not, the table is held in a special SRAM in the DMAC and is never flushed. This system may lack flexibility but is very simple and consistently very fast.

This simple system most likely only applies to the APUs, I expect the PPE will have a conventional memory protection system. 

(IV). THE DMAC:



The DMAC (Direct Memory Access Controller) is a very important part of the Cell as it acts as a communications hub. The PU doesn't issue instructions directly to the APUs but rather issues them to the DMAC and it takes the appropriate actions, this makes sense as the actions usually involve loading or saving data. This also removes the need for direct connections between the PU and APUs.

As the DMAC handles all data going into or out of the Cell it needs to communicate via a very high bandwidth bus system. The patent does not specify the exact nature of this bus other than saying it can be either a normal bus or it can be a packet switched network. The packet switched network will take up more silicon but will also have higher bandwidth, I expect they've gone with the latter since this bus will need to transfer 10s of Gigabytes per second. What we do know from the patent is that this bus is huge, the patent specifies it at a whopping 1024 bits wide.

At the time the patent was written it appears the architecture for the DMAC had not been fully worked out so as well as two potential bus designs the DMAC itself has different designs. Distributed and centralised architectures for the DMAC are both mentioned.

It's clear to me that the DMAC is one of the most important parts of the Cell design, it doesn't do processing itself but has to contend with 10's of Gigabytes of memory flowing through it at any one time to many different destinations, if speculation is correct the PS3 will have 100GByte / second memory interface, if this is spread over 4 Cells that means each DMAC will need to handle at least 25 Gigabytes per second. It also has to handle the memory protection scheme and be able to issue memory access orders as well as handling communication between the PU and APUs, it needs to be not only fast but will also be a highly complex piece of engineering.

(V). EIB:

The element interconnect bus is the on chip interconnect that ties together all of the processing, memory, and I/O elements on the CELL processor. The EIB is implemented as a set of four concentric rings that is routed through portions of the SPE, where each ring is a 128 bit wide interconnect. To reduce coupling noises, the wires are arranged in groups of four and interleaved with ground and power shields. To further reduce coupling noises, the direction of data flow alternates between each adjacent ring pair. Data travels on the EIB through staged buffer/repeaters at the boundaries of each SPE. That is, data is driven by one set of staged buffer and latched by the buffer at the next stage every clock cycle. Data moving from one SPE through other SPE’s requires the use of repeaters in the intermediary SPE’s for the duration of the transfer. Independently from the buffer/repeater elements, separate data on/off ramps exist in the BIU of the SPE, as data targeted for the LS unit of a given SPE can be off-loaded at the BIU. Similarly, outgoing data can be placed onto the EIB by the BIU. 
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FUNCTIONAL DIAGRAM OF EIB WITH SPEs. 

The design of the EIB is specifically geared toward the scalability of the CELL processor. That is, signal path lengths on the EIB do not change regardless of the number of SPE’s in a given CELL processor configuration. Since the data travels no more than the width of one SPE, more SPE’s on a given CELL processor simply means that the data transport latency increases by the number of additional hops through those SPE’s. Data transfer through the EIB is controlled by the EIB controller, and the EIB controller works with the DMA engine and the channel controllers to reserve the buffers drivers for certain number of cycles for each data transfer request. The data transfer algorithm works by reserving channel capacity for each data transfer, thus providing support for real time applications. Finally, the design and implementation of the EIB has a curious side effect in that it limits the current version of the CELL processor to expand only along the horizontal axis. Thus, the EIB enables the CELL processor to be highly configurable and SPE’s can be quickly and easily added or removed along the horizontal axis, and the maximum number of SPE’s that can be added is set by the maximum width of the chip allowable by the reticule size of the fabrication equipment.

CELL APPLICATIONS:

The Cell is not a fancy graphics chip, it is intended for general purpose computing. As if to confirm this the graphics hardware in the PlayStation 3 is being provided by Nvidia [Nvidia]. The SPEs are not truly general purpose like normal microprocessors but the Cell makes up for this by virtue of including a PPE which is a normal PowerPC microprocessor.

As discussed eariler, the Cell is destined for uses other than just the PlayStation 3. But what sort of applications Cell will be good for?

Games 
Games are an obvious target, the Cell was designed for a games console so if they don't work well there's something wrong! The Cell designers have concentrated on raw computing power and not on graphics, as such we will see hardware functions moved into software and much more flexibility being available to developers. Will the PS3 be the first console to get real-time ray traced games?

3D Graphics 
Again this is a field the Cell was largely designed for so expect it to do well here, Graphics is an "embarrassingly parallel", vectorisable and streamable problem so all the APUs will be in full use, the more Cells you use the faster the graphics will be. There is a lot of research into different advanced graphics techniques these days and I expect Cells will be used heavily for these and enable these techniques to make their way into the mainstream. If you think graphics are good already you're in for something of a surprise.

Video 
Image manipulations can be vectorised and this can be shown to great effect in Photoshop. Video processing can similarly be accelerated and Apple will be using the capabilities of existing GPUs (Graphics Processor Units) to accelerate video processing in "core image", Cell will almost certainly be able to accelerate anything GPUs can handle.Video encoding and decoding can also be vectorised so expect format conversions and mastering operations to benefit greatly from a Cell. I expect Cells will turn up in a lot of professional video hardware.

Audio 
Audio is one of those areas where you can never have enough power. Today's electronic musicians have multiple virtual synthesisers each of which has multiple voices. Then there's traditionally synthesised, sampled and real instruments. All of these need to be handled and have their own processing needs, that's before you put different effects on each channel. Then you may want global effects and compression per channel and final mixing. Many of these processes can be vectorised. Cell will be an absolute dream for musicians and yet another headache for synthesiser manufacturers who have already seen PCs encroaching on their territory.

DSP (Digital Signal Processing) 
The primary algorithm used in DSP is the FFT (Fast Fourier transform) which breaks a signal up into individual frequencies for further processing. The FFT is a highly vectorisable algorithm and is used so much that many vector units and microprocessors contains instructions especially for accelerating this algorithm.

There are thousands of different DSP applications and most of them can be streamed so Cell can be used for many of these applications. Once prices have dropped and power consumption has come down expect the Cell to be used in all manner for different consumer and industrial devices.

Scientific 
For conventional (non vectorisable) applications this system will be at least as fast as 4 PowerPC 970s with a fast memory interface. For vectorisable algorithms performance will go onto another planet. A potential problem however will be the relatively limited memory capability (this may be PlayStation 3 only, the Cell may be able to address larger memories). It is possible that even a memory limited Cell could be used perfectly well by streaming data into and out of the I/O unit.

GPUs are already used for scientific computation and Cell will be likely be useable in the same areas: "Many kinds of computations can be accelerated on GPUs including sparse linear system solvers, physical simulation, linear algebra operations, partial difference equations, fast Fourier transform, level-set computation, computational geometry problems, and also non-traditional graphics, such as volume rendering, ray-tracing, and flow visualization."

Super Computing 
Many modern supercomputers use clusters of commodity PCs because they are cheap and powerful. You currently need in the region of 250 PCs to even get onto the top 500 supercomputer list . It should take just 8 Cells to get onto the list and 560 to take the lead. This is one area where backwards compatibility is completely unimportant and will be one of the first areas to fall, expect Cell based machines to rapidly take over the Top 500 list from PC based clusters.

There are other super computing applications which require large amounts of interprocess communication and do not run well in clusters. The Top500 list does not measure these separately but this is an area where big iron systems do well and Cray rules, PC clusters don't even get a look-in. The Cells have high speed communication links and this makes them ideal for such systems although additional engineering will be required for large numbers of Cells. Cells may not only take over from PC clusters but also expect them to do well here also.

Stream Processing Applications 
A big difference from normal CPUs is the ability of the APUs in a cell to be chained together to act as a stream processor [Stream]. A stream processor takes a flow of data and processes it in a series of steps. Each of these steps can be performed by a different APU or even different APUs on different Cells.

REFERENCES:

(I).  Jon “Hannibal”,< www.arstechnica.com>
(II). David T. Wang,<www.realworldtech.com>
(III).Tony Smith,<www.theregister.co.uk>
(IV).Nicholas Blachford,<www.blachford.info.com >
(V). <www.google.com>
_1171984812.bin

_1171987561.bin

