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Computers are dead T Aside from the undeniable yet expensive benefits brought by
the advancements in the semiconductor manufacturing process, integrated computer
systems have not drastically changed since their introduction in the 70s.

The combined action of a shift in the programming paradigm towards data-driven
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pace with Moore’s Law exposed the limitations of traditional computer architectures: Configurability =
o Researchers have pushed the state of the art in existing techniques (i.e., branch| | v' Self-documented configuration files
predictors, prefetching strategies) to the point that performance improvements hardly ever o Enable/disable features and extensions |
reach even a few percentage points. o Modify buffers size, pipeline depth, etc. Tpert
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Open hardware for all! 2  While the consolidation of RISC-V as the ISA of choice in

both industry and academy is an excellent achievement for the affirmation of “open Pre"minary results

hardware”, it comes with the side-effect of fragmentation:

o Several RISC-V implementations = disperse the scientific effort| |Hello, world! & A 280-instruction program printing a programmer’s notorious first
(PULP, among the others) = steep learning curve for new adopters words is executed by LENS with an average IPC of 0.4. Despite its simplicity, about 30% of

o Inconsistent software and OS support among frameworks (e.g., EEI). the programs is represented by isolated jump or branch instructions that stress LENS’s

o Several commonly used implementations are impractical to modify. branch prediction unit and force frequent flushes (7-cycle delay) of the execution pipeline.

Need for specialization Z&  Most RISC-V implementations fit in the microcontroller range | | < e «  Better results shall be expected in proper
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benchmarks, that are underway.

Synthesis ##  Fig. 3 reports preliminary
ASIC synthesis results obtained with four
increasingly complex configurations of LENS.

of products, however:

o Modern application software requires hardware support for computationally-intensive
workloads, even on edge devices relying on limited power sources.

o In these systems, memory transfers often represent a bottleneck for performance and an
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unacceptable overhead for energy efficiency. o The core Is about 3 times larger than a
Both these aspects can be addressed using efficient and specialized parallel accelerators. we e e simpler in-order core in its base version and

\7]» ENC Introducing LEN5  Starting from the assumptions above, the LEN5 %%JM Fi. 3 Preiminany emhoa s on UNG 68 can run at 700MHz.

T ~__ - RISC-V microprocessor is being developed as a modular platform

designed to be as simple as possible to configure, extend, and modify.

Novel contributions Work in progress €@  The following milestones are under active development:
o Dual-issue, to properly take advantage of the out-of-order nature of LENS

o Proper benchmarking to assess where LENS places in the state of the art

LENS (Fig. 2) is a modular, highly-configurable, 64-bit,

out-of-order, speculative RISC-V microprocessor with support @ (- o Edge-oriented tightly coupled vector accelerator
for virtual memory, described in SystemVerilog. . Critical features & Despite LEN5 being in working conditions, some additional
Features & s features are probably required to make it a suitable platform for advanced research projects:

(1] ]

o RV64| ISA with “Zicsr” extension (M extension is coming) o C (compressed) and A (atomic) instruction set extensions

o Small prefetch queue to compensate for memory latency o Software and hardware interrupt support, at least in machine-mode
o Global gshare branch predictor and branch target buffer Modutar Optimization ¢ The core components of LEN5 would certainly benefit from an
o Dynamically scheduled, out-of-order, execution pipeline P attentive analysis and optimization. This is probably a required step to compete with existing
o System-wide AXI-like (valid-ready) handshaking protocol - solutions.

e EU latency-independent execution pipeline 10 P M i D of s 05 Complat Nerory Sy o

LENS5, a RISC-V Out of Order Processor,” 2019.

PY Easy to expand W|th custom tightly_coupled EUS [31 M. Andorno, M. Martina, “Design of the Frontend for LENS, a RISC-V

Out-of-Order Processor,” 2019.

o Optional 2-level cache subsystem with hardware TLB and memory protection
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