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At a glance
· Users, including learners, like rapid access to information, especially when they are on the move.

· 'Always-on' systems are expensive on battery life, especially for larger mobile devices and desktop computers.

· 'Sleep' modes preserve data but use either significant amounts of power or take time to invoke.

· 'Instant-on' hardware should allow users to connect to the internet or perform other tasks within seconds of starting a device.
· New, fast, non-volatile memory technologies could be used both as working memory and longer term storage, allowing for faster system recovery from sleep.

· Until such technologies have been commercialised, dual-boot systems that offer a 'lightweight' operating system can provide something more akin to an instant-on experience.

Always on, always connected
Many people like to have their email and social networking information at their fingertips and demand is growing in businesses that employees will always be available. These trends have reinforced a development cycle of devices with greater connectivity and faster access, linked to consumer expectations that seem always to be one step ahead of the hardware.

Learners moving between classrooms could benefit from instantly available mobile computing resources, as they would not need to log on to desktop PCs or wait while their own device was ready before accessing learning materials.
Two main solutions to having access immediately to hand would be to leave the hardware constantly switched on (which drains battery power) or to find some method by which they can 'come to life' almost instantly. Mobile phones take the 'always-on' route, but this is less sustainable for larger devices with power-hungry screens, so developers are looking to alternative 'instant-on' solutions.
Sleep states
Operating systems offer a range of power-saving strategies, from hardware timeouts for devices (like screens) that take most energy, to hibernation states. Advanced configuration and power interface (ACPI) compliant motherboards (used by most PCs) offer two commonly used sleep modes: standby and hibernation.
Standby, which may also be called 'sleep' or 'suspend', is defined by ACPI's 'S3' mode, in which power is provided to the RAM in order to maintain working data, but all devices (as far as possible) are switched off. In this state, computers can rapidly become operational but data in memory is vulnerable to total power failure, so some operating systems support a 'hybrid' standby mode that also writes data to disk.
Computers in hibernation (S4) write all information from memory to disk. Although this is slower than leaving data in memory, it gives greater security to the user, uses far less power than standby and should return the system to a usable state much faster than powering up after the machine has been shut down completely. (Hibernation can still consume some power, as computers retain, say, an active connection to the Ethernet card to allow the machine to be 'woken' remotely.) Hibernation is the most power efficient of the two sleep modes, but can introduce a lengthy delay - as users may see it - before the machine is ready to operate.

The BIOS legacy
Switching a computer on invokes a bootstrap routine that is stored in non-volatile memory, such as EEPROM (electrically erasable programmable ROM) or 'flash' memory. The bootstrap sequentially loads the device drivers required for basic hardware functions, readying the hardware to load the main operating system. Key parts of the bootstrap routine are incorporated in the basic input output system (BIOS) of modern PCs, which performs a variety of low level tasks and stores important system information, such as the location of the operating system.
The BIOS of Intel x86 hardware is limited to the more compatible, but less efficient, 16-bit instructions. This has driven the development of customised BIOS extensions that address more memory or control specific devices. Recently, the extensible firmware interface (EFI) used for Intel Itanium processors, has been redeveloped and refined for use on other systems. It is now known as Unified EFI (UEFI), with motherboards based on the latest specification recently emerging in the market. (See TechNews 01/09.) UEFI allows programmers to write boot-time applications that can be processed without loading the whole operating system, making it much quicker to load a simple internet browser or email client.
Some manufacturers have developed systems that allow dual-booting, so the user can intervene and choose to load a 'lightweight' Linux kernel rather than (for example) the full Windows Vista operating system. Among these are Presto from Xandros, HyperSpace from Phoenix and Splashtop from DeviceVM, with Acer, Asus, HP, LG and Lenovo among the companies installing such systems on selected models during manufacture.

Each system has its own advantages, relating to speed of booting or application processing, battery usage and support for specific hardware or applications. Some systems require installation of code within the BIOS, but Presto claims that it can be installed purely at a software level. HyperSpace comes in two versions, one as a 'Dual' boot and the other a 'Hybrid' that uses Intel's Virtualisation Technology to run the software in parallel with a full operating system, allowing the user to 'hot swap' between the two. HyperSpace is licensed on an annual basis, whereas a single Presto licence key costs just $19.95 (about £12.50) to fully activate the trial version.
Manufacturers are also looking at supplying additional, low-power processors to run the instant-on operating systems. For example, Dell's Latitude ON technology, used in some of its laptop models, utilises 'a dedicated low-voltage subprocessor and mini-OS', which can synchronise data with Microsoft Exchange in addition to carrying out other tasks.
Application availability
The main aim of instant-on systems is to have access to email, calendar, internet and other applications. However, this assumes that a network connection - generally wireless - is available, and that the software is capable of accessing the required data. Mozilla's Firefox browser runs on Linux and provides support for most web applications, so this should not be a problem, but business-oriented tools like Microsoft Exchange may not be so readily accessed. Due to developers seeking to keep costs down, as well as flexibility of the open source model, applications such as Open Office may be provided for word processing and other 'productivity' tasks, but users need to ensure that the file formats chosen are compatible with users elsewhere. The instant-on software may only provide basic drivers, if at all, for graphics cards, DVD players and other hardware, severely limiting tasks like video playback.
A significant problem can be accessing files created within the main operating system. Windows Vista has its own file management technology (NTFS), which may leave files or disk partitions inaccessible to the instant-on software, especially where strict user security policies have been enforced. USB flash drives may help overcome this, so long as the hardware is supported in both systems.

Dual-booting to online resources can also open up computers to security threats, such as trojans, viruses and spyware. Anti-malware applications normally run within the main operating system, so the PC can be quite vulnerable, with greater potential low level access to the hardware.
Changing memories
Ideally, instant-on systems will retain working memory without any power drain and will be accessible as soon as the system is reactivated. Flash memory provides part of the answer, as it is much quicker than a normal hard drive, but it cannot directly preserve the active state of the processor. Other types of memory that could overcome this restriction are coming closer to practical implementation, although a great deal of work remains to be done.

FeRAM (see TechNews 03/09) can store data much faster than flash memory. It uses a ferroelectric layer, which has an electric polarisation that can be reversed by applying an external electrical field, allowing it to store information indefinitely until a new field is applied. Magnetoresistive RAM (MRAM), using magnetic fields rather than electrical polarisation, is somewhat similar in principle to FeRAM, while spintronic devices use the orientation of the so-called 'spin' of electrons to store data. Since these technologies work far faster than flash, they can be used both as working memory and long-term storage, obviating requirements for fast cache memory or additional forms of non-volatile storage. If the electricity supply were to be cut, the working state of all memory operations would be stored and could be immediately recalled as soon as power was restored.
A more recent area of theoretical development, memristors, has recently been demonstrated in the laboratory. (See TechNews 03/09.) Memristors could potentially store both the contents of memory and the logical operations being performed, so preserving a complete 'snapshot' of a system that could be restored on demand.
Always on, and on
Users have become accustomed to ready access to data through mobile devices, such as phones and netbooks, many of which are designed to be always-on. This approach often relies on web services to store the data, making it available to the user's other devices, as well as acting as a backup. However, always-on devices need good batteries, or other power sources (such as solar or energy from movement), to keep them active. At some point, even smartphones must be booted, perhaps through power failure or software crashes, enforcing a wait on the user. Being able to completely switch off a device and immediately restore it to full operation would be very attractive to users (except where they are using 'push' services that need continued connectivity.) 
Booting existing devices, even with fast processors and storage, seems to take longer with each new generation of hardware and operating system, due to the increased overheads required to support features like 3G radios or HD video, as well as loading software to protect system security. Dual boot systems are a useful strategy - often increasing effective battery life - but compromises must be made about the facilities offered within the 'instant-on' environment. However, true instant-on devices will not become available until new non-volatile memory technologies, that work as fast as normal RAM, can be commercialised.
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