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Usual problem:  
Fit block A with blocks B 
and C for some task 
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Usual problem:  
Fit block A with blocks B 
and C for some task, but 
under US$ x,   
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Usual problem:  
Fit block A with blocks B 
and C for some task, but 
under US$ x and it should 
be easy to use and 
maintain. 
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Usual problem:  
Fit block A with blocks B 
and C for some task, but 
under US$ x and it should 
be easy to use and 
maintain. 
 

Embedded (SoC) system design for 3rd parties 

²Ŝ ŎƻǳƭŘ ŘŜǎƛƎƴ ŀƭƭ Lt ŎƻǊŜǎΣ ōǳǘ ǿŜΩƭƭ ǎǘƛƭƭ ƴŜŜŘ ŀ /t¦ 
to glue it all 
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Why? 
#1 Economics  Development HW != Release HW 

Design your own CPU core 
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#1 Economics  

Stratix III  Development Kit  
USD 5,495 

Development HW != Release HW 

Why? 
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#1 Economics  

Stratix III  Development Kit  
USD 5,495 

Cyclone III FPGA 22KLEs 
~ USD 60 

Board cost under USD 150 

Development HW != Release HW 

Why? 
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#2 Owning the IP 
We needed a CPU, but 
which one? Which ISA?  
How about the tools? 

 
 

Our options: 
NIOS : Licensing and Royalties $ 
ARM : Licensing, royalties (and other costs) $$$ 
OpenRISC 
Homebrew 8051 core 

 

Why? 
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#2 Owning the IP 
We needed a CPU, but 
which one? Which ISA?  
How about the tools? 

 

Our options: 
NIOS : Licensing and Royalties $ 
ARM : Licensing, royalties (and other costs) $$$ 
OpenRISC 
Homebrew 8051 core 
 
Instruction sets do matter 

 

Why? 
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#3: ά²Ƙŀǘ L Ŏŀƴƴƻǘ ŎǊŜŀǘŜΣ L Řƻ 
not understandέ  
Richard Feynman (1918-1988) 
 
Opportunity to design ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ LΩŘ 
want to use 
 
 

 
http://blogs.scientificamerican.com/oscillator/files/2013/07/feynman.jpg 

Why? 
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http://www.eetimes.com/author.asp?doc_id=1323406 
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– 131 page (readable) specification (User-level 2.1) 

– Stable tools  (GCC) 

– άaŀƪŜ ȅƻǳǊ ƻǿƴ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴέ  

– Open source ISA 

– Efficient ISA 

– Open, active community 

 

 

 

 

Design your own CPU core 

RISC-V 
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Designing RISC-V from the pdf 

Pros 
Complete freedom for architecture choice 

Incremental development ς Most needed 
instructions first 

Fit the target device (FPGA) 
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Designing RISC-V from the pdf 

Cons 
The CPU is just part of the problem. 

We need a Bus, Interrupts, Peripherals, OS, 
and software (!) to make things work. 

No standard way of interfacing with all those 
components. 

Infrastructure is on its way, but not there yet 
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Oolong ̂ Ӌ ̃RV32IMXOolong 
Microcontroller applications 

• RV32IM ISA 

• ~5000LEs (Altera)  

• I/O 
– GPIO, UART, SPI,I²C, DACs and ADCs  

(external) 

• Simple Access to peripherals 
– WISHBONE Bus, 2 to 3 clock cycles wait 

– Simple Bus -> Simple driver 
• More space in ROM for actual programs 
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Oolong ̂ Ӌ ̃RV32IMXOolong 

• 3-stage pipeline 

• M-mode only 

• Static Branch prediction 

• Harvard architecture 
– Boot ROM, Application RAM, Data RAM 

• Interrupts 
– 2 Timers 

– Peripherals 

• Up to 1.36 DMIPS/MHz 
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Oolong ̂ Ӌ ̃RV32IMXOolong 
• Uses FPGA multipliers (1 cycle latency) 

• Instruction Set Extension for SDR 

– Software-defined Radio 

– Complex number arithmetic (fixed point) 

• Quadrature Modulation 

• Complex Multiply-accumulate 

– Galois Field GF(2) multiplication 

• AES256: 32% faster decryption 

– 8 bit SIMD 

• Voice, data, characters 
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Oolong ̂ Ӌ ̃RV32IMXOolong 
Extended ISA 

• 32 bit word (16 bit imaginary, 16 bit real) 
– ADCs and DACs usually work with <16bit words 

– 60dB SFDR for Quadrature Modulation 
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Oolong ̂ Ӌ ̃RV32IMXOolong 
Extended ISA 

• Complex Multiplication  
– (a + jb) * (c + jd) = (ac ς bd) + j(ad + bc) : 8 instructions 

(cycles) 
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Oolong ̂ Ӌ ̃RV32IMXOolong 
Extended ISA 

• Complex Multiplication  

– (a + jb) * (c + jd) = (ac ς bd) + j(ad + bc) : 8 
instructions 

– CMAC, CMUL 

– 20% faster MODEM 

 

 
 

 
  
 

ὙὩ ὥ Ὦὦ ὧ ὮὨ  ὥὧ Ὠ  Ὠὥ ὦ 
Ὅάὥ Ὦὦ ὧ ὮὨ  ὧὦ ὥ  ὥὧ Ὠ  
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Oolong ̂ Ӌ ̃RV32IMXOolong 
Peripherals 

• UART 

• Interrupt Controller 

• GPIO 

• SPI/I²C 

• Numerically controlled Oscillator (NCO) 

• Digital Upconverter 

• Digital Downconverter 

• !ƴŘ ƳƻǊŜΧ 
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Accelerator Design 
  

Neural networks 

Computer Vision 

SLAM 

                    RISC-V CPU as the hub 
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Next steps: RISC-V development @SJTU 

Programming Languages 
 Functional 
 Non-Von Neumann 
Instruction v. Accelerators 
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