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How an OS maximises use of resources

A computer has many resources (CPU time, memory, disk, I/O) and many programs
competing for them. The OS shares them fairly and efficiently so each is well used
and the system stays responsive:

o multi-tasking £ {T.45—switch the CPU quickly between processes so several seem
to run at once.

e memory management —give each process the memory it needs; use disk paging
4371 when RAM runs out.

o spooling f&ii#l and buffering —print jobs queue on disk so the CPU never waits
for the printer.

+ caching —keep recently-used disk data in cache E#EZfF / RAM.

The processor is a key resource the OS shares between competing tasks
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The OS also manages memory (RAM), deciding what to keep in it and what to page out
to disk
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The user interface

The user interface hides the hardware behind friendly abstractions: the user sees windows,
menus and folders, not addresses or sectors. One click on an icon makes the OS find the
program on disk, allocate memory, load it and start it. A CLI (command line) is powerful
and scriptable for experts; a GUI (graphical) is easier to learn. Most systems offer both.

Process management

A process #fE is a program in execution —its code, current state, memory and open
files.

Scheduling

The scheduler #E#% chooses which ready process runs next, and for how long:

o round robin #%%—ecach process gets a fixed time slice Hf[A] f, then goes to the
back of the queue.

o first-come-first-served; shortest job first; priority; multilevel feedback queues.

The trade-off is responsiveness vs throughput vs fairness.



process P1 P2 P3 P4 processes run in arrival order P1—-P2—P3—P4
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First-come-first-served scheduling of four processes

Process states

A process is new, ready (waiting for the CPU), running, blocked [H %€ (waiting for
I/O or a lock), or terminated. When its time slice ends it goes running — ready; when
it requests I/O it goes running — blocked; when the I/O finishes it goes blocked — ready.
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A process moves between the new, ready, running, blocked and terminated states

Process control block and context switch

For each process the OS keeps a process control block #FE{E |k (PCB) holding the
saved program counter, registers, state and memory info. Suspending one process and
running another means saving state to one PCB and restoring from another —a context
switch R SCY)4, the small cost paid on every switch.

Inter-process communication

Processes are isolated, so the OS provides inter-process communication JHFE[E]HGE:
pipes 41l (one program’s output feeds another’s input), shared memory =N fF
(a region several processes can use), and message passing.

Virtual memory, paging, segmentation

Each process gets its own virtual address space JE ik %5 [A]—a clean, contiguous
range of addresses the OS maps to physical memory. This gives each process a sim-
ple space, protects processes from each other, and lets the total memory exceed
physical RAM.



In paging, the virtual space is split into fixed-size pages 7l and physical memory into
same-sized frames TIfE. A page table maps each page to a frame. If an accessed page
is not in RAM —a page fault §t71—the OS reads it from the swap file 246 {4 into
a frame, evicting another page if RAM is full. Frequent faults cause thrashing #}3Jj.
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Paging maps each page of logical memory to a frame of physical memory

In segmentation 43z, memory is split into variable-sized logical segments (code, stack,
heap), each with its own permissions. Many systems use paging within segments.
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Segmentation maps variable-sized segments using a segment map table

How an interpreter runs a program

An interpreter fEFE#S translates and runs the source at the same time. For each
statement it reads the line, does lexical and syntax analysis, checks types, then executes

the action, and moves on.

Errors are reported immediately and it usually stops; no

executable is produced. The translation is redone every run (slower), but it gives fast
development feedback and is portable.



Stages of compilation

A compiler 4gi%#s turns source into machine code #l#3#fY in phases:

1. lexical analysis Ja]y%/0#—the lexer groups characters into tokens H)JEEIT (key-
words, identifiers, operators, literals), discarding whitespace and comments.

2. syntax analysis (parsing) 153%547—check the tokens fit the grammar and build
an abstract syntax tree #ili 21575/, A missing bracket gives a syntax error i
VR DR.

3. semantic analysis i ¥ 43 #——check the program makes sense (variables declared,
types match).

4. code generation fUiL4: f—walk the tree and emit target code, choosing registers
and layouts.

5. code optimisation Ui {{tk—remove redundant work, fold constants, reorder for
the pipeline.

The output is an executable.

Grammar: BNF and syntax diagrams

A grammar 7% says which token sequences are valid programs.
Backus-Naur Form EFMH-i# /K5 (BNF) is textual. A production rule ;=45

has the form:

<symbol> ::= alternativel | alternative2 |

Each alternative is a sequence of terminal ZZ5E£F symbols (literal text) and non-

terminal JEZALELT symbols (other rule names):

ol1l1213141516l17I18129
<letter> | <identifier> <letter> | <identifier> <digit>

<digit>
<identifier> ::

The recursive third rule expresses "a letter followed by any number of letters or digits”.
An IF statement:

<if-statement> ::= IF <condition> THEN <statement> ENDIF
| IF <condition> THEN <statement> ELSE <statement> ENDIF

A syntax diagram £ (railroad diagram) shows the same thing graphically: boxes
for non-terminals, rounded boxes for terminals, arrows for valid paths, loops for repetition.
The two notations are equivalent. The parser uses the grammar to decide whether a
program is valid.
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A syntax (railroad) diagram for an assignment statement

Reverse Polish Notation (RPN)

In infix H12§ notation the operator sits between its operands (3 + 4 * 2), needing
brackets and precedence rules. In Reverse Polish Notation i == % /x¥E (RPN,
postfix J52%) the operator follows its operands (3 4 2 * +), needing no brackets.

Converting infix to RPN

Use an operator stack f%. Scan left to right: output an operand; for an operator, first
pop any stacked operators of higher or equal precedence {I5:Z% to the output, then
push it; push (; on ) pop to output until the matching (. At the end, pop all operators.
Example: (3 + 4) * 2 -3 4 + 2 x,

Evaluating RPN

Use a stack of operands. Scan left to right: push each operand; on an operator, pop the
top two, apply it, and push the result. Evaluating 3 4 2 * +:
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Result: 11. RPN needs no brackets at evaluation time and suits a stack machine —which
is how the JVM and many bytecode #3514 interpreters work.



