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what is risc?

· RISC: Reduced Instruction Set Computer

· examples: Sparc, MIPS, PowerPC

· CISC: Complex Instruction Set Computer

· examples: Intel architectures and most earlier µPs, microcontrollers, mainframes

general features

· one cycle execution time

· CPI (clock per instruction) of 1 cycle

· simple instruction decode logic

· LOAD/STORE

· pipelining
· simultaneous execution of parts/stages

· large number of registers

RISC vs. CISC

· RISC vs. CISC debate

· not so much technologies as design strategies
· each an approach to different problems encountered historically

· different problems ( different solutions

the case for cisc

· Problems faced:

· Storage and Memory

· expensive and slow

· “Good Code = COMPACT Code”

· Compilers

· HLL ( assembly language

· Assembly language ( (assembler) machine code

the cisc solution

· Close the “Semantic Gap”

· Increase the complexity of instructions so they more closely match the HLL constructs

· Complex instructions = complex sequence of operations over many clock cycles

· Microcoding

· (complexity: software ( hardware)

the performance equation: cisc

· Time/program = (instructions/program) * (cycles/instruction) * (time/cycle) 

· CISC: 

· reduce instructions/program

· cost: increased cycles/instruction

risc design philosophy

No instruction or addressing mode whose function can be implemented by a sequence of other instructions should be included in the ISA unless its inclusion can be qualitatively shown to improve performance by a non-trivial amount…

risc design philosophy

Secondary axiom:


a RISC processor should not have to do anything at run time in hardware that could instead be done at compile time in software.

the performance equation: risc

· Time/program = (instructions/program) * (cycles/instruction) * (time/cycle) 

· RISC: 

· reduce cycles/instruction

· cost: increased instructions/program

the case for risc

· Patterson: “make the common case fast”

· Many of the problems which led to CISC implementations no longer exist

· Improved compiler technology

· Memory getting cheaper

· HLL support could be better done in software

risc vs. cisc – the differences

CISC

· Emphasis on hardware

· Multi-clock complex instructions

· Memory-to-memory: “LOAD”and “STORE” incorporated in instructions

· Small code sizes, high cycles per second

· Transistors used for storing complex instructions

RISC

· Emphasis on software

· Single-clock, reduced instruction only

· Register-to-register: “LOAD”and”STORE” are independent instructions

· Low cycles per second, large code sizes

· Spends more transistors on memory registers

risc vs cisc - example

· Multiply 2 Numbers in Memory

· Multiply 2:3, 5:2

· Execution unit carries out all computations

· Execution unit can only operate on data in registers

· CISC: complex instruction 

· “MULT 2:3, 5:2”

· RISC: simple instructions

· LOAD A, 2:3

· LOAD B, 5:2

· PROD A, B

· STORE 2:3, A

general features (risc)

· one cycle execution time

· CPI (clock per instruction) of 1 cycle

· simple instruction decode logic

· LOAD/STORE

· pipelining
· simultaneous execution of parts/stages

· large number of registers

advantages of risc

· one-cycle execution time 

· longer code approximates same amount of time as multi-cycle “MULT”

· reduced instructions require less transistors of hardware space = more room for general purpose registers

· pipelining possible
· more instructions can be executed in a shorter period of time

advantages of risc

· Higher performance

· Simple instruction ( Faster circuits

· A complex instruction set makes all instructions slower

· Therefore: make basic instructions simple

· If required, synthesize more complex instructions from the basic set

· Instruction sequences are slower, but on average, the program will run faster

drawbacks of risc

· RISC machines have poorer code density

· Fixed length inefficient

· Larger memory size (greater cost)

· More memory accesses (greater power consumption)

· Lack of software support

· Intel

· Backwards compatibility

risc-cisc convergence?

· Increased processor speeds

· CISC chips able to execute more than 1 instruction within a single clock

· CISC chips can do pipelining

· More transistors on a chip

· RISC processors have space to implement more complex commands

· Superscalar architecture

· Out-of-order execution (on RISC hardware)

· Branch prediction

superscalar architecture

· Superscalar processing complicates CPU design due to need to manage out-of-order and branch instructions

· Branch instructions may be executed speculatively or discarded if incorrect

· Average instruction time is reduced by pipelining and superscalar processing, not the execution time of individual instructions

· Used in both RISC and CISC

