HYBRID CHIPS

IRAM :- REVOLUTIONISING PROCESSING

If the computing lies with memory-hungry multimedia then power hungry chips like alpha & Pentium may soon become endangered species. There would emerge a new breed of stripped-down microprocessors- a device called IRAM. 

1. INTRODUCTION

The practice of fabricating micro-processors and DRAM as different chips on different fabrication lines results the widening of gap between processor and DRAM per year.

IRAM  would combine a bit of logic and a huge amount of memory on the same chip to   lower memory latency, increase memory bandwidth, and improve energy efficiency (a silicon creature with the mind of a gnat and the memory of an elephant.)

2.  REQUIREMENT :-  THE MOTHER OF INVENTION  

In a desktop computer the microprocessor resides on one chip and the memory on another. The two are interconnected by a bundle of wires called the bus. The problem is that the bus slows down the communication between  the logic, which does all the thinking and the memory ,which sits next door . Every time the microprocessor needs some information, it sends a request to the memory via the bus. The memory digs up the data and sends it back, again via the bus ,but the bus is very lethargic .It typically has only a few dozen wires ,each of which can carry only a single binary bit at  a time. moreover it takes a lot of power to send electrical signals down those wires through metal pins that connect them to chips.  

And things getting worse : the memory capacity  and the microprocessor speed have quadrupled every 3 years ,but the bus speed has not kept pace. Slow access to the memory remains the  biggest obstacle towards improving computer performance. 

3. SOLUTION 

System architects have attempted to bridge the processor-memory performance gap by introducing deeper and deeper cache memory hierarchies. Unfortunately, this depth makes the memory latency even longer in the worst case. 

Latency is a factor of four larger than the raw DRAM access time. This difference is due to the time to drive the address off the microprocessor, multiplex the addresses to the DRAM, and turn around the bi-directional data bus, plus the memory controller overhead, the SIMM latency  and the time to drive the DRAM pins first with the address and then with the return data.

The better solution towards removing the bottleneck is to put the memory and the logic on the same chip. Tiny metal pathways can be etched on the chip to make a thousand-lane highway, between the memory and the logic. This would make the journey time fall dramatically, with data flowing at up to ten trillion bits a second . 

4. DESCRIPTION 

Hence the growing processor-memory performance gap and the awkwardness of high-capacity DRAM chips, we believe that it is time to consider unifying logic and DRAM on a single chip. We call such a chip an  intelligent RAM, because most transistors on this merged chip will be devoted to memory.

The reason to put the processor in DRAM rather than increasing the on-processor SRAM is that DRAM is in practice approximately 25 to 50 times denser than cache memory in a microprocessor. (The ratio is much larger than the transistor ratio because DRAM use 3D structures to shrink cell size).Thus, IRAM would enable a much larger amount of on-chip memory than is possible in a conventional architecture.

IRAM is attractive today for several reasons.

I.) the gap between the performance of processors and DRAMs has been widening at 50% per year for 10 years. So, despite heroic efforts by architects, compiler writers, and applications developers, memory speed limits more applications today than it did in the past.

II.) since the actual processor today occupies only about one third of the die the upcoming Gbit DRAM has enough capacity that whole programs and data sets could fit on a single chip. In the past, so little memory could fit on chip with the CPU that researchers considered IRAMs mainly as building blocks for multiprocessors.

III.) DRAM die have grown about 50% each generation and are being made with more metal layers to accelerate the longer lines that come with the larger size. Also, DRAM manufacturers are starting to offer fast transistors and many metal layers to make their technology more  attractive to IRAM applications. At a cost of, say, 20% more per DRAM wafer, logic in IRAM can be just as fast and dense as a conventional logic process.

5.) AN IRAM VECTOR PROCESSOR

High-speed microprocessors rely on instruction-level parallelism(ILP) in programs, which means the hardware has the potential to execute instructions in parallel. As mentioned earlier, these high-speed microprocessors rely on getting hits in the cache to supply instructions and operands at a sufficient rate to keep the processors busy. An alternative model to exploiting ILP that does not rely on caches is vector processing. This is a well-established architecture and compiler model popularized by supercomputers. Vector processors have high-level operations that work on linear arrays of numbers.

Advantages of vector computers and the vectorized programs

that run on them include the following:

· Each result is independent of previous results, which enables deep pipelines and high clock rates.

· A single vector instruction does a great deal of work, which means fewer instruction fetches in general and fewer branch instructions, and thus fewer mispredicted branches.

· Vector instructions often access memory a block at a time, which allows memory latency to be amortized over, say, 64 elements.

· Vector instructions often access memory with regular (constant-stride) patterns, which allows multiple memory banks to simultaneously supply operands.

IRAM vector microprocessor might include the following:

· Sixteen 1,024-bit-wide memory ports on the IRAM, offering a collective 100 Gbytes/s of memory bandwidth;

· Thirty-two 64-element vector registers (vector registers each with about 32 to 128 sixty-four-bit elements have 32 to 256 Kbits of multiported, high-speed registers. ) and

· Pipelined vector units for floating-point add, multiply, and divide; integer operations; load/store; and multi-media
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Vector processors  depend on multiple, pipelined functional units, as do recent high-speed micro-processors. To match these high-speed functional units to the high-bandwidth memory, vector processors have multiple ports between the processor and memory.

Because an IRAM has low latency and is highly inter-leaved, it naturally matches the needs of a vector processor. 

As we head toward hundreds of millions of transistors on a chip, the large register set and multiple, pipelined functional units are also quite plausible. Thus, vectors appear to be one promising way to exploit IRAM. Moreover, vectors easily allow a trade-off of more hard-ware and slower clock rate without sacrificing peak perfor-mance. For example, a vector processor with a clock rate of n that operates on two elements per clock cycle has the same peak performance as a vector processor with a clock rate of 2n that operates on one element per clock cycle.

To achieve multiple instructions per cycle, vector machines use multiple pipelines. Hence, even if IRAM logic were slower than conventional logic by a factor of two, a IRAM vector processor could have the same peak performance by consuming twice as many elements per clock cycle, trading transistors for clock rate. The observed performance would of course depend on application characteristics.

Rather than operating on one element at a time, a eight-pipe vector processor can operate on eight elements in a clock cycle at the cost of multiple vector units. IRAM could have spectacular vector performance. 

The question with vector processing is what fraction of the computation can be accelerated. Classically, scientific programs that deal with matrices have benefited from vector processing. New multimedia and DSP applications may lend themselves to vector processors as well. 

6.) POTENTIAL ADVANTAGES

I.) Higher bandwidth.

A DRAM naturally has extraordinary internal bandwidth, essentially fetching the square root of its capacity each DRAM clock cycle; an on-chip processor could tap that bandwidth.

II.) Lower latency. 

To reduce latency, IRAM’s wire length should be kept as short as possible. This suggests that the fewer bits per block the better. In addition, the DRAM cells farthest from the processor will be slower than the closest.

III.) Energy efficiency. 

Integrating a microprocessor and DRAM memory on the same die offers the potential for improving the memory system’s energy consumption. As mentioned earlier, DRAM is much denser than SRAM, the traditional choice for on-chip memory. Therefore, an IRAM will have many fewer external memory accesses, which consume a great deal of energy in driving high-capacitance off-chip buses. Even on-chip accesses will be more energy efficient, since DRAM consumes less energy than SRAM. Finally, an IRAM has the potential for higher performance than a conventional approach. Because we can translate higher performance for some fixed energy consumption into equal performance at a lower amount of energy, we can translate IRAM’s performance advantages into lower energy consumption.

IV.) Memory size and width. 

Another advantage of IRAM over conventional designs is that it lets designers adjust both the size and width of the on-chip DRAM. Rather than being limited by powers of 2 in length or width, as with conventional DRAM, IRAM designers can specify exactly the number of words and their width. This flexibility can improve the cost of IRAM solutions versus memories made from conventional DRAMs.

V.) Board space. 

Finally, IRAM may be attractive in applications where board area is precious—such as smart cellular phones or personal digital assistants—since it integrates several chips into one.

7.)  DISADVANTAGES

Despite these potential advantages, we must address seveeral topics before IRAM can succeed:

• Area and power impact of increasing bandwidth to the DRAM core.

Standard DRAM cores are designed with a few highly multiplexed I/O lines to reduce area and power. To make effective use of a DRAM core’s inter-nal bandwidth, we will need to add more I/O lines. The area increase will affect IRAM’s cost per bit.

• Retention time of DRAM core when operating at high temperatures.

Giacalone 12 gave a rule of thumb of halving the retention rate for every increase of 10 degrees centigrade. Thus, refresh rates could rise dramatically for an IRAM run at the temperature of some of today’s microprocessors.

• Scaling a system beyond a single IRAM. 

Even though a Gbit DRAM contains 128 Mbytes, there will certainly be systems that need more memory. Thus, a major architecture challenge is quantifying the pros and cons over several potential solutions to expandable memory.

• Matching IRAM to the commodity focus of the DRAM industry.

Today’s DRAMs are second-sourced commodities that are interchangeable, which allows vendors to manufacture them in high volumes. Unless the industry were to adopt a single-processor architecture, adding a processor would stratify IRAMs and effectively reduce interchangeability.

8. CONCLUSION.

Finally with the advent of  IRAM in our practical life , there  will be a revolution in the field of computing and many todays impractical projects like genome (DNA which contains 2 GB of data can be copied  within 30 seconds) .   
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