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Characteristics of Programs
Introduction to RISC



CISC Characteristics

� CISC – Complex Instruction Set Computer
� Typically multiple clocks per instruction cycle.
� Complex addressing modes associated with 

many different instructions.
� Non-uniform, non-orthogonal instruction 

definitions.
� Relatively small set of internal registers.



RISC Characteristics

� RISC – Reduced Instruction Set Computer
� Most instructions execute in exactly one clock 

cycle.
� Very few (often only two) instructions access 

memory – sometimes called a “load-store”
architecture.

� Highly uniform instruction definitions.
� Large number of internal registers.
� Pipelined, hard-wired, instruction processing.



Guiding Principles of RISC

� In his seminal 1985 paper Patterson presented what became 
the guiding principles of RISC design:
� Functions should be kept simple unless there is a very good reason to 

do otherwise.
� Microinstructions should not be faster than simple instructions.
� Microcode is not magic – anything that can be done in a microcoded

machine can be done in assembly language in a simple machine.
� Simple decoding and pipelined execution are more important than 

program size.
� Compiler technology should be used to simplify instructions rather 

than to generate complex instructions.

Source: D.A. Patterson, “Reduced Instruction Set Computers.”



RISC Systems

� These guiding principles led to a philosophy of 
design that resulted in RISC machines having many 
common features:
� Operations are register-to-register, with only LOAD and 

STORE accessing memory.
� The operations and addressing modes are reduced –

Operations between registers complete in one cycle.
� Instruction formats are simple and do not cross word 

boundaries.
� RlSC branches avoid pipeline penalties.

Source: D.A. Patterson, “Reduced Instruction Set Computers.”



Advantage of Pipelining

� As we saw yesterday, 
instruction processing 
was broken in stages:
� IF – Instruction Fetch
� ID – Instruction Decode
� OF – Operand Fetch
� OE – Operand Decode
� OS – Operand Store

Source: D.A. Patterson, “Reduced Instruction Set Computers.”



Effect of Data Dependency

� A pipeline improves performance most when there 
are no dependencies between instructions.

� Consider the execution of the following sequence of 
instructions:

� In this case, a cannot be incremented until the add 
a,b,c instruction completes!

ADD b, c, a ; a = b+c

INC a ; a = a+1



Handling Data Dependency

� This situation (potentially) introduces a “bubble”
into the pipeline:

Source: D.A. Patterson, “Reduced Instruction Set Computers.”



Importance of the Compiler

� Inserting a bubble reduces performance.
� Now, consider the following two code 

examples:
ADD b, c, a

INC a

INC b

INC c

ADD b, c, a

INC b

INC c

INC a



Rearranging Instructions

� By rearranging instructions, it is possible to 
eliminate at least some pipeline bubbles:
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Pipelines and Branching

� Branch instructions cause a problem in a pipeline 
because the branch address may not be known until 
near the end of the pipe:

Source: D.A. Patterson, “Reduced Instruction Set Computers.”



Chinks in the RISC Armor

� RISC is not a perfect technology.
� The RISC v. CISC argument is part technology, part 

religion.
� Technology enhancements that help make RISC 

machines faster may also help CISC machines run 
faster.

� One classic argument is that the code size of a 
RISC machine will tend to be much larger than that 
of a CISC machine.

� Another argument is that compiler technology has 
advanced.



Program Size Comparisons

� It is difficult to fairly compare RISC and CISC 
machines:

Source: Davidson, “The effect of instruction set complexity on code size”



Cache Performance Comparison

� Differences between architectures may not be 
significant in some ways:

Source: Davidson, “The effect of instruction set complexity on code size”



� Memory activity is significantly different between 
architectures:

Source: Davidson, “The effect of instruction set complexity on code size”


