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Can We Solve Anything by a Computer?

ÅUndecidable 
ðCannot be solved by an algorithm 
ðe.g. Halting problem (given a program and inputs 

for it, decide whether it will run forever or will 
eventually halt. )

ÅUnsolvable
ðNo finite algorithm
ðe.g. Goldbachõs conjecture (Every even number 

greater than 2 can be written as the sum of two 
primes. )

ÅIntractable
ðUnreasonable amount of time and resources



Hierarchical View of a Computer 
System

ÅA computer system is complicated 

ÅIn order to facilitate its study and 
analysis, it is advisable to divide it 
into levels



How do we Understand 
computers?

ÅNeed to understand abstractions such:
ðAlgorithms
ðApplications software
ðSystems software
ðAssembly Language
ðMachine Language (ISA)
ðMicroarchitecture
ðLogic design
ðDevice level
ðSemiconductors/Silicon used to build transistors
ðProperties of atoms, electrons, and quantum 

dynamics

ÅSo much to learn!



High Level Language

Assembly Language

Machine Language

Microarchitecture

Logic Level

Problem ĄAlgorithm Development Ą Programmer

Compiler (translator)

Assembler (translator)

Control Unit (Interpreter)

Microsequencer (Interpreter)

Device Level Ą Semiconductors Ą Quantum



A little bit of Vocabulary

Level N Level N-1

Level N Level N-1

Language A

Language A

Language B

Language B

Static Program Static Program

Individual Step of 

a Dynamic Program

Equivalent Sequence

Of Steps

Almost always in software

In software Ą Simulator

In hardware Ą Emulator



Problem Definition Level

ÅTaking a complex real -life problem and 
formulating it so as to be solved by a 
computer (abstraction/modeling)

ÅRequires simplification (which details to 
remove?)

ÅUsing mathematical model, graph 
theory, etc.



Algorithm Level

ÅPrecise step -by-step procedure

ÅSteps must be well defined, to be 
executed by a machine (no ambiguity)

ÅAlgorithm development is a creative 
process

ÅFinite number of steps

ÅPseudocode or flowchart 



High-Level Language Level

Åe.g. C/C++/C#, Java, Fortran, Lisp, etc.

ÅUsed by application programmers and 
systems programmers

ÅCan we build machines executing HLL 
right away?

ÅCompilerõs job is not only translating



Assembly Language Level

ÅMore primitive instructions than HLL

ÅEnglish version of the machine language 
+ some more

ÅUser mode and kernel mode

ÅCan we go from this level to HLL?



ISA 
(Instruction Set Architecture) level
ÅA very important abstraction
ðinterface between hardware and low -level software

ðadvantage:  different implementations of the same 
architecture

ðdisadvantage:  sometimes prevents using new innovations

True or False:  Binary compatibility is extraordinarily important?

ÅModern instruction set architectures:
ð IA -32,  PowerPC, MIPS, SPARC, ARM, and others



Instructions

ÅLanguage of the Machine

ÅPlatform -specific

ÅA limited set of machine language commands 
"understood" by hardware (e.g. ADD, LOAD, STORE, 
RET)

ÅWeõll be working with the MIPS instruction set 
architecture
ðsimilar to other architectures developed since the 1980's

ðAlmost 100 million MIPS processors manufactured in 2002

ðused by NEC, Nintendo, Cisco, Silicon Graphics, Sony, é



CISC Vs RISC

ÅSemantic Gap: the ratio of the number of 
instruction in the high level language versus 
the number of instructions in the 
instruction set level.
ÅIf the gap is small, then the instructions in 

the instruction set level are complicated 
(Complex Instruction Set Computing ). This 
affects the performance.
ÅHence (Reduced Instruction Set 

Computing) is used, where each instruction 
in the instruction set is simple.
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From HLL to ISA: an Example



Microarchitecture Level

ÅResources and techniques used to 
implement the ISA
ðPentium IV implements the x86 ISA

ðMotorola G4 implements the Power PC ISA

ÅRegister files, ALU, Fetch unit, etc.

ÅRealize intended cost/performance 
goals

ÅInterpretation done by the control unit



Logic-Design Level

ÅGates

ÅMultiplexers, decoders, PLA, etc.

ÅSynchronous (i.e. clocked) : the most 
widely used

ÅAsynchronous



Device Level

ÅTransistors and wires

ÅImplement the digital logic gates

ÅLower level:
ðSolid state physics

ðMachine looks more analog than digital!



Intel Pentium 4 (3.06GHz)


