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Goals of This Course 

•  Understand the relationships between 
applications software, systems software 
and the underlying computer hardware 

•  Understand how the major components 
of a computer are constructed  

•  Understand some of the choices and 
tradeoffs in designing a computer 
architecture  

Processors: Not just for 
desktop computers! 

•  Embedded processors in cars, phones, 
GPS, PDA, etc. 

Determining Performance 

•  Algorithm 
–  Number of HL statements executed 
–  I/O and memory usage 

•  Prog. Language, compiler & architecture 
–  Number of machine instructions 

•  Processor & memory 
–  Speed of instruction execution 

•  I/O system 
–  Speed of I/O operations 

Simplified Hierarchy of 
Computing  

•  Applications software 
•  Systems software 

–  Operating systems 
–  Compilers 
–  Assemblers 

•  Hardware 
–  Processor (control + 

datapath) 
–  Memory 
–  I/O 

Program Translation 
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From Program to Hardware 

•  High level language 
 (COMPILER) 

•  Assembly language 
 (ASSEMBLER) 

•  Machine language (binary numbers) 
 (CONTROL LOGIC) 

•  Control signals and data 

“Program” Translators 

•  Compiler 
–  High level language to target assembly language 
–  One statement becomes many 

•  Assembler 
–  Symbolic assembly language to numeric machine 

language 
–  One statement becomes one instruction 

•  Control logic 
–  From N-bit instruction to M individual signals that 

tell the computer what to do, e.g. load vs. store, 
select data from what source, etc. 

5 Classic Components of a 
Computer 

•  Input (e.g. mouse, keyboard) 
•  Output (e.g. display, printer) 
•  Memory (several levels) 
•  Control 
•  Datapath 

Inside a Processor Chip  

Topics Covered 

•  Assembly language 
– Lowest level of software 
– Abstract description of the architecture 

Related course: compilers 

•  Numeric representation and arithmetic 
– Major component of the data path 

Topics (continued) 

•  Logic Design 
•  Mapping Control to Hardware 

Related course: VLSI Design 
•  Data Path 

– Building data path and control from even 
simpler building blocks (gates) 

–  Implementing the necessary instruction set 
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Topics (continued) 

•  Enhancing performance with pipelining 

•  Exploiting the memory hierarchy 
– Fast and small to slow and large 

Related course: Operating Systems 

Topics (continued) 

•  Disk Storage 
•  Buses 
•  I/O 
•  Networks 

 Related courses: Operating Systems, 
Networks 

Recurring Themes 

•  Hierarchy (layering) 
–  Software hierarchy 
–  Memory hierarchy 

•  Abstractions & implementations 
–  Algorithm to high-level program 
–  High-level program to assembly language 
–  Instruction architecture to control and datapaths to 

silicon implementation 


