Operating Systems Handout
OS2 - Functions 
Scheduling, IPC, and Disk Management

This handout explains three core operating system (OS) responsibilities: deciding which work runs on the CPU, helping processes communicate and synchronize, and managing disk access and file storage. Understanding these mechanisms helps you predict performance, diagnose bottlenecks, and design reliable concurrent programs.
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1. CPU Scheduling
CPU scheduling is the OS policy for selecting which ready process or thread gets CPU time next. Because the CPU is a shared resource, scheduling aims to keep the CPU busy while providing fast and fair service to users and programs.
[bookmark: _Toc221022398]1.1 Scheduling Criteria (what we measure)
CPU utilization: percentage of time the CPU is doing useful work (higher is usually better).
Throughput: number of processes completed per unit time (higher is better for batch workloads).
Turnaround time: total time from submission/arrival to completion for a process.
Waiting time: total time spent in the ready queue waiting for CPU service.
Response time: time from submission to the first observable response (critical for interactive systems).
Fairness & starvation avoidance: ensure no process waits indefinitely; long-waiting jobs should eventually run.
[bookmark: _Toc221022399]1.2 Basic Scheduling Algorithms (how selection is done)
FCFS — First-Come, First-Served: Non-preemptive; the earliest-arriving ready process runs until it blocks or finishes. Simple and low overhead, but can suffer the “convoy effect” where a long job delays many short ones.
SJF — Shortest Job First: Chooses the process with the smallest estimated CPU burst. Minimizes average waiting time in theory, but requires predicting burst lengths; can starve long jobs unless combined with aging or other controls.
Round Robin (RR): Preemptive; each runnable process gets a fixed time quantum (e.g., 10–50 ms). Improves responsiveness and fairness; too-small quantum increases context-switch overhead, too-large behaves like FCFS.
Priority Scheduling: Runs the highest-priority ready task (can be preemptive or non-preemptive). Risk: starvation of low-priority tasks; mitigation: aging (gradually increase priority the longer a task waits).
Key idea: no single algorithm is best for all workloads. Interactive systems often favor quick response (e.g., RR), while batch systems may prefer high throughput or low average turnaround (e.g., SJF-like strategies).
[bookmark: _Toc221022400]2. Inter-Process Communication (IPC)
Inter-Process Communication (IPC) refers to OS mechanisms that allow processes to exchange data and coordinate actions. IPC is essential for modular software (client/server), pipelines, parallel computing, and any situation where tasks must share results.
[bookmark: _Toc221022401]2.1 Shared Memory (fast data sharing)
Shared memory IPC maps the same region of physical memory into the address space of multiple processes. One process writes data into the region and others read it directly, which is very fast because the kernel is not copying the payload each time. However, shared memory requires explicit synchronization to prevent race conditions (two writers colliding, readers seeing partial updates, etc.).
Typical uses: producer/consumer buffers, multimedia streaming, high-performance analytics.
Common patterns: ring buffers, shared queues, memory-mapped files.
[bookmark: _Toc221022402]2.2 Message Passing (structured communication)
Message passing IPC sends discrete messages via OS-managed channels. Examples include pipes, message queues, and sockets. It is often easier to reason about because processes do not share raw memory by default, but it can be slower due to system calls and data copying (depending on the mechanism).
Blocking vs non-blocking: send/receive may wait for space/data, or return immediately with a status.
Local vs network: the same model extends from local IPC (pipes/queues) to distributed IPC (sockets).
[bookmark: _Toc221022403]2.3 Synchronization Basics (preventing interference)
When multiple threads/processes share data, synchronization ensures correctness. Without it, interleavings can produce inconsistent states (race conditions) even if each thread is correct in isolation.
Mutex - MUTual EXclusion: a lock that allows only one thread at a time into a critical section. A thread must acquire the mutex before accessing shared data and release it afterward.
Semaphore: an integer counter with atomic “wait/down” and “signal/up” operations. Counting semaphores allow up to N concurrent entries (N permits). A binary semaphore (0/1) can act similarly to a mutex, but mutexes also commonly support ownership rules and priority inheritance.
[bookmark: _Toc221022404]3. Disk Management
Disk management covers how the OS schedules storage device requests and how it allocates disk blocks to files. On rotating disks (HDDs), the dominant cost is mechanical movement (seek + rotation). On SSDs, seek is far cheaper, but scheduling and layout still matter for throughput, latency, and wear considerations.
[bookmark: _Toc221022405]3.1 Disk Scheduling Algorithms (ordering I/O requests)
When many I/O requests arrive, the OS can reorder them to reduce the time spent moving the disk head (HDD) or to improve queue efficiency (SSD/HDD). Good scheduling reduces average response time for I/O-intensive workloads.
FCFS - First-Come, First-Served: serves requests in arrival order. Fair and simple, but can cause long seeks and poor average performance on HDDs.
SSTF - Shortest Seek Time First: selects the request closest to the current head position. Often improves average seek time, but can starve requests that are far away if near requests keep arriving.
SCAN (Elevator): head sweeps in one direction servicing requests along the way, then reverses. Provides good throughput and reduces starvation compared to SSTF; variants include C-SCAN (circular SCAN) for more uniform wait times.
[bookmark: _Toc221022406]3.2 File Allocation Methods (how files map to blocks)
File allocation defines how a file’s logical bytes map to physical disk blocks. The choice affects sequential and random access speed, fragmentation, and how easily a file can grow.
Contiguous allocation: file occupies a set of consecutive blocks. Very fast sequential and good random access (simple arithmetic), but external fragmentation occurs and growing a file may require moving it.
Linked allocation: each block contains a pointer to the next. Easy growth and no external fragmentation, but poor random access (must follow pointers) and pointer overhead/reliability concerns.
Indexed allocation: a separate index block holds pointers to all file blocks. Supports efficient random access and growth, but costs extra space for the index and may require multi-level indexing for large files.
[bookmark: _Toc221022407]Quick Comparison / Exam Tips
Use these cues to pick the right concept quickly:
If the question is about ‘who runs next on CPU’ > scheduling algorithms (FCFS/SJF/RR/Priority) and criteria.
If the question is about ‘processes sharing data’ > IPC (shared memory vs message passing) + synchronization (mutex/semaphore).
If the question is about ‘ordering disk requests’ > disk scheduling (FCFS/SSTF/SCAN).
If the question is about ‘where a file lives on disk’ > allocation (contiguous/linked/indexed).
