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Advanced RISC Machines Limited (latterly Arm Limited) was founded in late 1990 as a joint venture with 12 people plus a CEO to develop and monetise the microprocessor technology developed by Acorn Computers Limited. Arm Limited has since become the world’s leading semiconductor intellectual property company, with over 5,000 employees from 85+ nationalities. Arm’s technologies reach 70% of the global population with an ecosystem of more than 1,000 partners (www.arm.com).


Keith Clarke held numerous senior roles in Arm Limited, having joined the small start-up as an enthusiastic young engineer, employee number 33. In 2018, after 25 years, Keith left to found his coaching and consulting business, Innovador Limited (www.innovador-consulting.co.uk), which puts into practice a core truth learned during his time at Arm: that businesses grow when they help people grow. The highly engaging and rewarding work environment of Arm was a large part of what motivated Keith to write this book and the realisation that, very often, the lessons learned at Arm are valid for most enterprises, technology or non-technology.
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Naming Conventions


The original microprocessor technology was called the Acorn RISC Machine, usually shortened to ARM, all uppercase. When the new start-up was spun out, the company name was created to retain the short-form “ARM” by changing “Acorn” to “Advanced”, hence Advanced RISC Machines Ltd. At the time of the public share offering in April 1998, the company’s name was officially changed to ARM Holdings plc, with ARM Limited as the operating company. Not long after the SoftBank acquisition, a re-branding exercise changed the primary usage to either “arm” or “Arm”.


In light of this potential confusion, this book will predominantly use “ARM” to represent Advanced RISC Machines, the middle years of ARM Holdings plc or the early microprocessor technology. I will, however, use “Arm” when talking about the most recent years or the larger historical span.




Foreword


By Sir Robin Saxby, founding CEO of Arm (retired 2007), technology entrepreneur, visiting Professor University of Liverpool. April 2022


Keith has done an excellent job accurately charting the Arm journey and articulating the critical ingredients for Arm’s success.


This book is less about what we achieved and more about how we created the right culture alongside the technology and business strategy. The combination led to spectacular growth and industry leadership, making Arm-based microprocessors the most popular on our planet – used in just about every electronic device you can imagine, with over 200 billion Arm-based devices shipped by Arm’s semiconductor partners.


I first met Keith after he had been recommended to me by Hermann Hauser, co-founder of Acorn Computers and sponsor of the original ARM processor. At the interview, Keith asked me how we would balance the seemingly conflicting needs of our two major investors: Acorn and Apple. A perceptive question, and we took him on as employee number 33 – he subsequently contributed to the Thumb innovation, and led Engineering and Technical Marketing. Later, when I became President of the IET, he helped me write my Presidential address. Having read the book told through the eyes of Keith, I was pleased and humbled to see the positive impact of the great culture we had created.


While Arm is a technology company, the lessons outlined in this book are almost universally applicable: building an organisation of collaboration, ambition, and innovation. So, whether you are in a start-up, scale-up, or mature business, there is something here for you to take away and apply inside your organisation. As Keith rightly says, this wasn’t an easy journey for Arm, but the focus on culture impacted and enabled almost every aspect of the company’s performance.


I started working with the Arm founders and investors before the company was created.


I’d known Hermann Hauser before he’d founded Acorn and had partnered with VLSI Technology within my role at ES2. I was aware of the Arm processor through a European project and knew people in Apple. So when a head-hunting phone call from Heidrick and Struggles came in the summer of 1990, I was interested in exploring the possibility of leading the UK headquartered start-up.


My own personal experiences and contacts helped. Without real experience, knowledge has little value. The importance of building trusting relationships and community is often played down, and Keith has done an excellent job bringing about the human factors needed for success.


Through reading the book, I have personally enjoyed refreshing my memory of our journey, both hard and exhilarating. I will personally recommend it to all my friends. Never has humankind needed to collaborate better to save our planet, fix mental health issues, and have a brighter future. I would like to thank all the people of every culture and nationality for contributing to Arm’s success, as well as Keith and the other contributors to this outstanding book.




Preface


I started writing this book about Arm in early 2021, inspired by a recent 30th-anniversary ‘founders’ video call. While the seed for the book had been planted when I left Arm in 2018 after 25 years, seeing and hearing former colleagues and friends vividly reminded me of what this team had helped create. I realised that here was a story that deserved to be told.


Spurred into action, I started collecting material, unsure where it would lead. I reached out to some key figures from Acorn Computers and Arm’s early years, including Sophie Wilson, Sir Robin Saxby, and Jamie Urquhart, then started putting ‘hand to keyboard’. The purpose soon became clearer: to capture some of what had helped propel Advanced RISC Machines to global success. As the drafts, conversations, and feedback accumulated, the essence became clearer too: Culture.


So, if you are part of any organisation, big or small, commercial or non-commercial, and you want to see your organisation grow and progress, then I believe there is something here for you. The book focuses on the foundational influences that set up the company’s direction and the activities that helped evolve those influences into defining characteristics over the following years. I hope you will find something of interest and value here.


Keith Clarke, April 2022
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Introduction


Arm Limited is the world’s leading semiconductor Intellectual Property (IP) company. Its extremely power-efficient processor technology has been licensed to hundreds of semiconductor chip manufacturers and Original Equipment Manufacturers (OEMs2) – its designs are at the heart of many world-changing technologies. Since its technologies are woven into the fabric of products rather than being a consumer brand in its own right, Arm is still largely unknown to the broader public. Yet Arm’s technology is nearly ubiquitous and has been a foundational building block of the global rise of the smartphone and everything this has enabled. Arm-based microprocessors power over 95% of the world’s mobile phones.


However, this book is not about the technology. It’s about how a company grew from being a small start-up in Cambridge, UK. From 12 people and a £1.75m cash investment in 1990 to a global organisation with over 5,000 employees in over 50 countries and more than $1.5bn revenue in 2016 when SoftBank acquired it for $32bn. This astonishing journey goes back even further, as Acorn Computers Ltd. developed the core microprocessor technology3 in the mid-1980s. In 1990, this technology was ‘spun out’ into a joint venture between Acorn Computers Ltd, Apple Computers Inc.4 and VLSI Technology Inc.5


At the time of the press launch in 1990 of the new company, known then as Advanced RISC Machines, just over 130,000 microprocessor chipsets had been shipped. By 2021, that same number of Arm-based chips was being shipped every three minutes, totalling over 29bn annually. Arm-based processors are by far the highest volume 32-bit/64-bit CPUs shipped in history, with over 200bn cumulatively to date.


Arm’s achievements are, therefore, not in doubt. However, not all the reasons for that success are immediately apparent. Some of the more obvious things the company got right include excellent technology, an innovative business model, and perfect timing. However, there is much more to building a world-leading technology business than technology. This book’s goal is to peel back some of the outer layers and uncover for the reader more of the less obvious but fundamental reasons that contributed to Arm and its partnerships’ ongoing business success.


This book strives to tell some of that less obvious story, honour the people who made a real difference, and help point the way for all organisations (and not just technology companies) who want to create a culture of trust, challenge, and innovation. The observations and conclusions are not definitive, and there is a great deal of room for other perspectives on the Arm story. However, this is my own, hopefully, insightful view as a long-term senior team member who always remained close to the organisation’s microprocessor development ‘heart’.


It is important to also set the scene by stating that Arm’s story is not one of overnight success (although the company was profitable only three years into its life). After ten years, ARM Limited had only 600 employees, and royalty revenues were only recently becoming significant.


Neither was this an easy journey – what Arm achieved has been characterised by solving deeply complex technology and business challenges, one after the other.


What are the essential elements to any organisation’s success?


Culture and People?


Strategy?


Execution?


Timing?


Luck?


All undoubtedly play a part.


While the culture of the Acorn engineers provided a solid foundation to build upon, Arm’s founders consciously chose the culture they wanted. As the company grew, Arm evolved, but it held onto a culture that supported and encouraged business excellence, minimised positional power and promoted trusting relationships. The capabilities and behaviours of people at Arm made an enormous difference.


The strategy-making process was dynamic, with regular, open, and honest progress reviews, reacting to opportunities and threats with pace.


The execution engine delivered a steady stream of new products and revenue receipts which grew from the founding team’s hard-working ethos. At its best, Arm delivered multiple years of quarterly financial results meeting or exceeding analysts’ expectations. We built an operational machine to be proud of.


Timing played a pivotal role in Arm’s success, with the foundational business strategy taking advantage of the perceived opportunities for a licensable microprocessor in the semiconductor industry. The early 1990s saw the exponential rise of System on Chip designs using embedded microprocessors, significantly validating Arm’s business model.


As with every successful organisation, luck did play a part. Perhaps it was luck that Acorn had fewer resources than their international competitors, leading them to build a new microprocessor using very few resources. The result was an extremely small, strongly performing 32-bit processor that consumed very little power. When almost everyone else was trying to maximise performance, Acorn tried to maximise power efficiency. This ‘luck’ was turned into an asset that Advanced RISC Machines was able to embed in its DNA thoroughly. Another piece of ‘luck’ was that Acorn had licensed the processor to their chip manufacturer, VLSI Technology Inc., who were allowed to sell it to other customers too. Acorn’s early interest had been in computers, not the Intellectual Property itself – Advanced RISC Machines were then able to take advantage of that early validation of IP licensing and turn it into a business model. Arm’s culture and strategy enabled the organisation to take advantage of unexpected opportunities as they arose – call it Entrepreneurial Alertness (Kirzner, 2018) or luck, whichever you prefer.


Success for any organisation will combine all elements, not in an additive way but a multiplicative way. Every element: culture and people, strategy, execution, timing and luck, must be at least good enough; when combined, the result should be excellent outcomes. In Arm’s case, I believe that Culture and People were the foundation on which the other success factors were built. Arm’s strategy and execution (and, to a degree, luck) have been excellent, primarily due to the organisation’s cultural norms. Putting to one side elements like timing and luck, we might say that the success equation became:





Success = Culture2 × Strategy × Execution





Culture permeated so much of what Arm has been able to achieve.


If you want to find a champion of culture in your organisation, then a great place to look is yourself. If you want to see appropriate behaviours, you could start to model them and encourage others to do the same. An organisation’s authentic culture is the one acted day-in, day-out by colleagues, not necessarily the ones on a poster next to the coffee machines!


In this book, I hope to give some insight into what I believe are the essential ingredients in Arm’s success: ten areas covering the elements of culture and people, strategy, execution, and more. How were these chosen? Some were clear from the outset, but others rose in prominence as I began researching and writing. Like any organisation, the recipe for success will have many ingredients – I believe these ten steps to success, illustrated by Arm’s experiences, will be relevant to almost any organisation with ambitions for growth. There is no guaranteed way to make a success of a venture, but by understanding some of the how, why, and what behind Arm’s journey, I hope the book will inspire you to ensure your recipe has many of the best ingredients, mixed carefully to provide the best possible outcomes.


A Note on the Book Structure


I have written this as a business book for entrepreneurs, leaders of start-ups, scale-ups, organisations with growth ambitions, and those interested in the story of Arm. There is necessarily some technology talk – to help, I’ve written a short Industry and Technology Context section in the Appendix. If you’re unfamiliar with the technology space, read this first, as I hope you will find this helps to explain the context of Arm’s business. You may find it somewhat simple if you’re familiar with this space. You can also see a glossary of terms at the back to help with the technical terminology.


With ten chapters, I realise that the reader may be interested in some topics more than others, so you may choose to read only those of immediate interest or in a different order. Each chapter is reasonably standalone, though there is some chronological order to the first two to three chapters. The first chapter primarily covers the historical background of Acorn and the assets that arose from the early Acorn activities. If you’re less interested in that historical context, then perhaps start at Chapter 2, where the focus is more on the Arm situation, with occasional references to the foundations laid by Acorn’s and Robin Saxby’s experiences.


I have written the chapters in the style of steps needed by an organisation to create a successful outcome. I’m not claiming these steps are easy to achieve, but almost anything is possible with the right mindset of total honesty, collaboration, planning, execution, and continuous refinement.


 1. Find your Unique – A historical look at the foundational assets of Advanced RISC Machines Limited


 2. Build Strategy, Test… Repeat – Building the initial business plan and strategy, and then further Arm refinement


 3. Create and Sustain the Right Culture – Creating and evolving the culture of Arm


 4. Get the Customer’s Voice Inside – Ensuring Arm heard and acted upon outside voices


 5. Build a Delivery Machine – Building an operational machine to deliver new products and revenue consistently


 6. Admit When You’re Wrong – Fighting against Arm’s common wisdom


 7. Create an Ecosystem of Shared Success – Building a partnership with the industry for mutual benefit


 8. Challenge Complacency – Keeping the pace and expectations high


 9. Deal With Threats… Fast – Reacting with pace to outside threats and competitive products


10. Stay Unified – Staying united despite growth and diversification









2 OEMs essentially are the companies that bring technologies together to develop a product







3 Acorn no longer exists but many of its technologies still do







4 Renamed Apple Inc.







5 Now part of NXP Semiconductors N.V.
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One: Find Your Unique


When James Dyson set up Dyson Appliances Limited in 1991, he had no intention of bringing a standard vacuum cleaner to market. Inspired by giant cyclone technology in a factory setting, thousands of prototypes later, Dyson started selling the dual-cyclone bagless vacuum cleaner from his own company. He founded the business on a technology unique in the consumer market, and within a few years, the best-selling vacuum cleaner in the UK was the Dyson DC01. His determination to bring something unique and valuable to the market paid off (Dyson-Various, 2022), and Dyson’s products have become synonymous with doing things differently.


If you had asked the founders of Advanced RISC Machines what made them unique in 1990, you would have heard the following: small, embeddable, and power-efficient microprocessor technology, plus an enthusiastic and talented technical team with broad computer systems experience. These were the seeds of the company’s eventual success; the story would have been very different without them. The technology itself looks very simple from a modern perspective, but as far as many inside Acorn Computers were concerned, the crown jewels were given away to the new start-up.


The Acorn RISC Machine (ARM) microprocessor, software and systems IP were the technology seed at the heart of the new start-up, Advanced RISC Machines Limited, founded on 27th November 1990. Acorn’s contribution to the joint venture was the technology and 12 engineers. Apple Computers Inc. and VLSI Technology Inc. completed the assets of the new enterprise with modest financial investments. Apple wanted to use the microprocessor in a future product, not having its own CPU design capability. VLSI Technology had been the first manufacturer of Acorn’s chipsets and had seen an opportunity to sell more devices using ARM technology. Advanced RISC Machines was created to ensure the survival and continued development of the ARM processor technology when Acorn was struggling to fund its development.


The launch press release outlines their public-facing goals: “expand ARM technology product offerings and to promote other sources to support the expanding customer base” (Press Release, 1990). There was a clear desire to expand the products and customers widely. No other organisation had this mix of licensable, low-power, and power-efficient RISC microprocessor technology (see Appendix), computer systems engineering know-how, and global ambition. Despite their modest resources – it was indeed a unique proposition. However, there were no guarantees they could monetise this proposition beyond their investors and initial customers: Acorn and Apple.


Like all the crucial elements of Arm’s eventual success, building a unique and valuable technology wasn’t simple. The birth of the technology was rooted in a small team within Acorn Computers Limited, founded in Cambridge, UK, in the late 1970s. To understand the uniqueness of the Acorn technology and the founding team, let’s go back to the beginnings, well before Advanced RISC Machines’ foundation.


Acorn Computers Limited


The early days of Acorn are notable for their impact on later technology decisions and the healthy working culture that the founders of Advanced RISC Machines largely inherited. So, it’s worth recounting some of the critical events of Acorn, the story which the BBC docudrama “The Micro Men” most famously told (Metzstein, 2009). More details with less drama can be found in interviews with some of the people of those early days (Hauser, 2014), (Curry, 2016), (CACM, 2011), (Wilson, 2012). In this book, we’ll pull out some of the most relevant points only. The purpose is to understand the foundations that led to the ARM processor and Advanced RISC Machines several years later.


Hermann Hauser and Chris Curry set up Cambridge Processor Unit Ltd. (CPU) in late 1978, having been fascinated by the possibilities of microprocessors (Hauser, 2018). Hermann described the belief that microprocessors would change the world (Manners, 2001). They looked in the Cambridge University Processor Group for talent and found both Steve Furber and Sophie Wilson – whose professional partnership went on to conceive and implement the Acorn RISC Machine processor.


The company won a contract to build a microprocessor-based controller for a fruit machine, using a National Semiconductor SC/MP processor system built by Steve, the MK14 (CACM, 2011). When Sophie looked at Steve’s MK14 system, according to Steve, she commented, “I can do better than that” – the first of many occasions. While still an undergraduate, she created a system using a MOS Technology 6502 microprocessor over the Easter holidays, which Hermann thought was good enough to sell as a kit alongside Steve’s MK14. They chose the trading name Acorn Computers Limited to sell the kits. Steve designed the cassette interface, and the Acorn System 1 was launched, targeting semi-professional users and serious home enthusiasts.


The choice of the 6502 microprocessor was to be a significant factor in the later development of the Acorn RISC Machine. It was an 8-bit CPU designed to be simpler, lower cost, and higher performance than Motorola’s 6800 or Intel’s 8080. The price and simplicity of processors such as the 6502 inspired people worldwide to experiment with microprocessor systems. In the USA, Steve Wozniak was a hobbyist who built computers using the 6502, eventually leading to the Apple II computer (Wozniak, 1977). Apple’s shared 6502 roots likely led to its admiration for the ARM processor many years later.


CPU Ltd. continued to develop the microcomputer kits, turning some of these into kits for customers under the Acorn brand. Chris Curry wanted to build a complete computer directly for home enthusiasts. In March 1980, they launched the Acorn Atom with an all-in-one package recognisable from almost all home microcomputers of the early 1980s. It sold an impressive (for the time) 12,000 units, but Sophie recalls she didn’t think much of the design: chips would fall out of the circuit board if you typed too enthusiastically on the keyboard (Wilson, 2012).


This dissatisfaction, “I can do better than that”, was a hallmark of Sophie, Steve, and many other Acorn engineers. This culture continued through Acorn and into Advanced RISC Machines many years later. They didn’t like the Atom’s lack of expandability. When Professor Andy Hopper from Cambridge University suggested they build workstations with higher performance, it was clear something new would be required.


Hermann allowed the team to design an alternative, the Proton, with expansion capability, allowing future (more capable) processors to be attached through a second processor interface. However, he insisted the new base design was still based on the 6502 to keep costs under control. These decisions proved very fortunate, firstly for what happened next, and secondly for the future development of the ARM processor.


“I can do better than that”


The British Broadcasting Corporation


Early in 1980, the BBC6 wanted to create a TV series to promote computer literacy. Through the involvement of the British government, the idea was born to develop a British computer to go with the programmes. After initially selecting a machine from another organisation, it became clear this wasn’t going to be ready for the series due to start in Autumn 1981. The BBC then allowed other companies to bid for the contract.


According to Sophie (Wilson, 2012), Chris said to the BBC: “Well, why don’t you come and see the prototype we’re making?” Unfortunately, there was no actual prototype, just some sketches and ideas. Sophie and Steve had been discussing the Proton design for some time, but now Hermann and Chris needed action. Time for a bit of subterfuge in the assistance of making progress.


On that fateful Sunday evening, Hermann phoned up Steve and asked whether there was any chance of having a prototype by Friday for a demonstration. Hermann recalled that Steve responded, “No, absolutely not. This is a crazy idea.” (Cowley, 2022). Nonetheless, Hermann then called Sophie and told her that Steve had said it might be possible if they worked really hard. Sophie responded that this was mad, but if Steve was willing to try, then so was she. To complete the circle, all that remained was for Hermann to call Steve back to tell him Sophie had said it was possible.


Of course, they quickly discovered Hermann’s ruse on Monday morning, but it was too late by then. They knew it was the right thing to try, so they did, along with a core team of engineers. Monday and Tuesday to draw schematics and obtain scarce parts such as high-performance memory chips. Wednesday to wire wrap 3,000 connections, and Thursday to debug it. By 2am Friday, the connections seemed correct, but it still wasn’t working properly. With the software still to port, Sophie went home to sleep and arrived back at 8am to find the team sleeping on the floor and the hardware system magically working (Wilson, 2021). Hermann’s role as cheerleader and tea maker had been upgraded when he suggested they disconnect the debug system they were using to programme it remotely. Despite the engineers’ protests, this worked; then, as Hermann and Chris delayed the BBC downstairs, Sophie ported BASIC7 and some of the operating system, hacked the video into life, and had a very simple line drawing demonstration working when they came in.


With a mix of the right skills and intense collaboration, this can-do attitude had built the prototype Chris had promised in only four-and-a-half days. The BBC team had no idea of the behind-the-scenes efforts and were impressed with what they saw. Shortly afterwards, the BBC awarded the contract to Acorn, and the “BBC Micro” was launched in December 1981 (BBC Micro, 1981) with a range of innovative features. Sophie and Steve thought the BBC Micro was just half of the system they had set out to build, the 6502-based I/O8 controller. The design included an interface to allow second processors to be attached, which gave the potential for the workstations that Andy Hopper had asked them to build. The simple “I/O controller”, the BBC Micro, went on to sell a million-and-a-half units versus the few thousands they had imagined.
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BBC Microcomputer launched in 1981


There are three key things to pull out here for the story of Advanced RISC Machines’ founding assets.


The first is the initial thought process: they wanted a better CPU than the 6502 for the future, hence the second processor interface. They designed the Proton and then the BBC Micro with this expandability in mind.


The second is equally important but was less evident at the time. The specification agreed with the BBC was designed to appeal to a wide range of users and contained some complex elements. To reduce the manufacturing cost, they needed some semi-custom designed chips, called Uncommitted Logic Arrays (ULAs). This requirement gave the team experience building computer systems from catalogue chips, plus building, albeit simple, chip designs. It was a bold and unusual move for a small company like Acorn, but it proved to be a valuable experience.


Finally, and related, the Acorn engineers were designing the whole computer system around the CPU. This gave them more freedom and flexibility to optimise the system, and it’s the vantage point from which they started their journey towards the Acorn RISC Machine.


Acorn’s initial commercial success with the BBC Micro enabled the team to start investigating options for future processors with more performance than the 6502. They used the second processor capability of the BBC Micro to analyse many of the then available microprocessors and found as many limitations. They wanted the best elements of the 6502 (simplicity, low cost, and fast interrupt response) but with increased address space and wider datapaths to give the performance they wanted.


Apple was, at the time, a competitor in the education market, and their early 1983 launch of the Lisa computer showed that a graphics interface was going to be vital for future microcomputers too. Sophie and Steve were beginning to feel a new processor architecture might be needed if they were to build the computer they wanted. They wanted a 16 or 32-bit CPU that was easy to program and had some particular technical characteristics9. They could not find a commercially available microprocessor that provided all of these – and none of the RISC processors were yet available outside their development labs. When they asked for special samples of the 80286 processor, Intel refused (Engadget, 2011). Perhaps, this is something Intel may have regretted some years later.


MIPS10 for the Masses


One common feature of many of the microprocessors they tested was their complex instruction sets. However, the RISC movement was underway: Steve remembers Hermann talking about the RISC idea after a business trip to the US, and Sophie remembers Andy Hopper putting copies of the Berkeley RISC (Patterson & Sequin, A VLSI RISC, 1982) and Stanford MIPS (Stanford MIPS, 1983) papers on her desk to read shortly after they were published.


University research teams had created these simpler designs with the same or better performance than commercial microprocessors available at the time. This information was the inspiration Sophie and Steve needed. Sophie set about tinkering with a new instruction set using RISC principles and the knowledge they learned from all that was good about the 6502’s efficiency, her “I can do better than that” instinct coming to the fore. With no RISC processors available to trial, the only option was to build one themselves.


They had previously visited a National Semiconductor design centre in Israel and found a large team designing a processor, but in October 1983, they had an epiphany. They visited the Western Design Center (WDC) office in Phoenix, Arizona, where Bill Mensch11 was building a successor to the 6502. They found Bill with a couple of interns doing most of the work. On leaving their office, Steve remembers the conversation: “Well, if they can design a microprocessor, so can we.” (CACM, 2011). They realised how few resources might be needed if the design was kept very simple.


Sophie’s tinkering solidified into a 32-bit RISC-based instruction set and a behavioural model written in 6502 machine code. Acorn’s vision was ‘MIPS for the masses’ (Wilson, 2012) – a highly efficient processor using readily available memory to deliver high performance at an affordable price. This desire to build a mid-range computer set them on a different path from most workstation-focused alternatives emerging from the US in the 1980s.


The Acorn RISC Machine project was officially given the go-ahead in October 1983 in great secrecy, with each “project A” team member receiving a personal letter reminding them of the need for complete confidentiality. Acorn had grown very quickly to 100s of employees based on the success of the BBC Micro and had recently raised capital with a share flotation. However, Hermann ensured this team had to design an efficient processor because he gave them “no money” and “no people” (Hauser, 2018). This hyperbole, often told by Hermann, wasn’t true, of course, but relative to many other high-performance processor development teams, Acorn’s approach was indeed miserly. This is not surprising: during 1984, Acorn’s financial troubles had begun – the bubble was starting to burst on the home computer revolution.


Keep It Simple, Stupid (KISS)


As the project got underway, Steve then wrote a hardware level emulator of the pipelined processor in BBC BASIC that was compared to Sophie’s models for consistency. Next, this Register Transfer Level (RTL) digital design had to be turned into real transistor circuits and chip layout.


With the team’s early experience with custom ULAs for the BBC and Andy Hopper’s encouragement to get serious about computer design, Acorn had invested in a limited set of chip design tools: Apollo workstations and tools from semiconductor manufacturer VLSI Technology. Acorn recruited a small team of experienced, full-custom integrated circuit designers (VLSI engineers), starting with Robert Heaton and Jamie Urquhart (Urquhart, 2021). The overall team was small but highly motivated, with a strong desire to make what resources they had work. Building a software emulator was merely the first of many home-grown tools the team created to get the job done.


The team ploughed forward, believing that they would run into trouble at some point. However, no significant roadblocks were found. As Steve described, “It turned out, there is no magic. Microprocessors are just a lump of logic, like everything else we’d designed, and there are no formidable hurdles.” The RISC philosophy of simple instructions led to a relatively simple design. Sophie’s instruction set was complete in December 1983, and 15 months after the project go-ahead, on a snowy day in January 1985, they hand-delivered a tape containing the full transistor layout to VLSI Technology’s office in Munich.


The first ARM processor used a 3µm process and was only 25,000 transistors. In contrast, Intel’s 80286 with 134,000 transistors, introduced four years earlier, had lower performance. Even Berkeley’s RISC-I was nearly double the Acorn RISC Machine at 44,500 transistors (Peek, 1983).


Three months later, on 26th April 1985, they plugged the chip into a waiting development board. Two hours later, at 3pm, it started to execute instructions spitting out the obligatory “Hello world.” Nearly all the instructions operated precisely as desired on first-time silicon – a minor barrel shifter issue was worked around in software (Urquhart, 2021). This feat may not seem remarkable, but the primitive nature of the tools and difficulty of verification led other contemporary projects to take many silicon iterations.
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First ARM1 silicon: 26th April 1985


Champagne bottles were at the ready and popped in celebration – a tradition Hermann encouraged and continued well into the early years of Advanced RISC Machines. The next step was to measure the power consumption. As Steve started to attach an ammeter to the power pin, he discovered the power wasn’t connected! The processor was pulling all the power it needed from the tiny amount provided through the I/O pins – to spell this out: this was a very low power processor.


When I asked Sophie what she considered the most important technical features to achieve efficiency and low power, she answered, “Nothing more than KISS” (Wilson, 2021). With simplicity, everything else followed. With this simplicity and meticulous VLSI techniques, it was possible to achieve high performance with low area and power (Urquhart, 2021).


The small hardware design team of Sophie, Steve, Robert, and Jamie had built a 32-bit processor with just the features and capabilities they felt necessary to achieve their goals. Almost by accident, they had endowed the processor with power efficiency and low power consumption, which were the defining technical advantages for Advanced RISC Machines’ products in years to come.


Acorn aimed to build a home, educational, and business computer with the ARM processor to replace the BBC Micro. The team needed to slightly enhance the first ARM design and design peripheral chips to realise their complete plan. They were able to complete their simulations of the new chips using ARM-based second processors! The first full product was the Acorn Archimedes, launched in mid-1987 using four custom chips: ARM2 (processor), VIDC (display), MEMC (memory), and IOC (I/O). The Archimedes was the world’s first RISC processor-based home computer and claimed to be its fastest, too (Acorn RISCs it, 1987).


From Acorn to Advanced RISC Machines


The arrival of the Acorn Archimedes was a significant milestone for the ARM processor – here it was, finally being used for its intended purpose: ‘MIPS for the masses’. The Acorn Archimedes was one of the fastest home and educational computers available at launch. It was a fantastic step forward for those of us who had grown up on the BBC Micro and were loyal to the brand. This computer was the “BBC Micro on steroids”, with many Acorn fans jumping on board.


Unfortunately, the leap in performance wasn’t enough to take on the march of both Apple Macintosh and IBM PC compatibles. Although Acorn would go on to sell over 500,000 units by 1996 (ART, 1996), in 1989, they were still only selling a few tens of thousands a year. The original Archimedes machines only had a simple operating system: Arthur12. The fully graphical operating system it deserved didn’t arrive until 1989 in the form of RISC-OS. This delay slowed initial sales, and Acorn’s financial performance was poor – they needed to expand beyond educational computers. The Advanced Research & Development (AR&D) group, who had designed the Acorn RISC Machine, the peripheral chips, and the early development computers, looked like an expensive overhead.
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