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●

Discussion about format of meetings

●

Identify topics to discuss in later meetings

●

Identify topics for today

●

History of Memory and Storage Systems presentation

●

Tea and Coffee break (about 3.00 pm?)

●

Breakout into smaller groups

Don't be shy – your opinions and needs count

History of Memory and Storage
Introduction
In this presentation we will discuss some of the most memorable memory and storage
systems from the past decades.
Computers are everywhere in our society, we cannot go a day without encountering
them. And when we stop to think about how each one works at a deeper level, all
the way to the hardware and bit-level, it is one marvellous work of art. Think about
how all the millions of components in a computer work together.
Computer systems have evolved a lot over the past decades, and we have quickly
forgotten, or have never even heard about past computer technologies. We did not
always have the computers we see today from the very beginning, and it is why it
is good to know about the history of such historic components. At least for the very
simple fact of seeing how people solved and thought about challenging problems,
which we now consider tremendously easy.
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TimeLine of Computer Memory and Storage devices
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1928 Magnetic Tape

A German Engineer, Fritz Pfleumer invented the magnetic tape in 1928.
He based his invention on a magnetic wire. Pfleumer had developed a
process for putting metal stripes on cigarette papers, and reasoned
that he could similarly coat a magnetic stripe, to be used as an
alternative to wire recording. In 1927, after experimenting with various
materials, Pfleumer used very thin paper which he coated with iron
oxide powder using lacquer as glue. Pfleumer was granted in 1928 a
patent in Germany for the application of magnetic powders to strip of
paper or film.
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1930 Magnetic Tape

In 1930 the AEG (Allgemeine Elektrizitatsgesellschaft) company in Berlin,
decided to start the development of the Magnetophone machine, based on
the Pfleumer principle and in 1932 Pfleumer granted the right of use to the
AEG that based on his invention. In the same 1932 AEG signed an
agreement of collaboration with BASF, company of Ludwigshafen: AEG
developed the system, BASF an appropriate sound carrier. BASF had a
rich experience and in 1934 was able to ship the first 50000 meters of
magnetic tape. The tape consisted of a foil of cellulose acetate as carrier
material, coated with a lacquer of iron oxide as magnetic pigment and
cellulose acetate as binder. During the 1935 Radio Fair in Berlin the
Magnetophone and the Magnetic Tape (see the image below) were
presented to the public.
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Delay Line Memory (mid-1940’s).
The Ferranti Sirius is announced. The Sirius was a small, low-cost business
computer using a simple programming language. Its main memory was a
magnetostrictive delay line.
The medium here was a thin strip of special metal rolled into a coil, with transducers
at either end. Like all delay lines, bits were fed into one end, detected at the
other, and continuously recirculated. Although this type of delay line was
considered to be somewhat slow, its low cost made it attractive to computer
designers.
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1947
Manchester Mark I Williams-Kilburn tube

At Manchester University, Freddie Williams and Tom Kilburn develop the Williams-Kilburn
tube. The tube, tested in 1947, was the first high-speed, entirely electronic memory. It used
a cathode ray tube (similar to an analog TV picture tube) to store bits as dots on the
screen’s surface. Each dot lasted a fraction of a second before fading so the information
was constantly refreshed. Information was read by a metal pickup plate that would detect a
change in electrical charge.
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Magnetic Drum Memory (1947)
While rotating the drum, an electromagnetic pulse which represented a bit value could
be stored by changing the magnetic orientation of the ferro-magnetic particle that
the write head passed over at that very moment. Many machines used magnetic
drum memory in the 1950’s as what we call today main memory, to execute
programs.
Eager to enhance America’s codebreaking capabilities, the US Navy contracts with
Engineering Research Associates (ERA) for a stored program computer. The result
was Atlas, completed in 1950. Atlas used magnetic drum memory, which stored
information on the outside of a rotating cylinder coated with ferromagnetic material
and circled by read/write heads in fixed positions.
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1950

Magnetic Core Memory
This system was the first reliable high-speed random access memory
for computers. Magnetic core memory was widely used as the main
memory technology for computers well into the 1970s. It consisted
of small rings capable of holding a magnetic charge, that were
connected by wires which read or wrote bits by changing the
magnetic direction. Each ring represented one bit. Magnetic core
memory was the predecessor to dynamic memory that we have
today, and had an enormous lifetime cycle for the time of around
twenty years.
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Twistor Memory & Bubble Memory
(1968-1970)

Twistor memory was developed at Bell Labs around 1968, but just like
bubble memory, it never made it out to large production quantities.
It was built around the same concept of core memory, but did not
use rings. Instead it used magnetic tape to store magnetic charges.
Bubble memory was invented in 1970 by Andrew Bobeck, who was
also part of the development of magnetic core memory and twistor
memory. Bubble Memory used thin magnetic material to hold
magnetized areas, of which each stored one bit of data. Both
technologies did not make it out of the lab.
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First Dynamic RAM (1960’s-1970’s)
The type of memory we use today began its journey in the 1960’s before it
overtook every other memory technology in the 1970’s.
Dynamic RAM is arranged in a square array of one capacitor and transistor
per data bit. Unlike delay line memory with mercury, the system is able to
exactly access an address location. Due to the physical capabilities of
capacitors, accessing an address location requires that it be refreshed
and rewritten back for future use. This also means that once the system
is powered off, and the capacitors lose charge, the data is lost.
The introduction of the 1 KB Intel 1103 memory chip marks the beginning of
the end for magnetic core memory and ushers in the era of dynamic
random-access memory (DRAM) integrated circuits for main memory in
computers. The 1103 sold slowly at first, but this likely helped the
development team at Intel, which was still ironing out details about the
chip's specifications after its initial release
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System Memory

Switching gears a little bit, let us examine some of the storage systems from the past.
Punched Cards (1889)
Punched cards take us all the way back to 1889, before there even was an electrical computer.
A punch card simply was a thicker than normal paper with holes punched though it in patterns that
could then be interpreted. They were initially invented by Herman Hollerith in the 1890’s for the
US census calculation. It was simply taking too much time to process data for an increasing US
population.
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Paper Tape (1950’s-1960’s)
Moving on to another form of paper being used for data storage is the paper tape. It
consisted of a long strip of paper where holes were punched at various locations to
represent the data. Very much like the punched cards, paper tape worked under
the same principle, except that it was possible for it to be rolled onto a drum.
Paper tape was prepared both off line using a Flexowriter and On Line using the
computer as an editor. The big change was the introduction of the Teletype 33 ASR
(automatic send receive). It had a Teletype for printing, a tape reader, and a tape
punch.
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Magnetic Tape (1951)
After paper tape, magnetic tape followed in its footsteps. It worked much like the
paper tape, except that it was able to store more information. It was spun on a
roll and read/written to by a read/write head. The magnetic tape also made it
into audio/video devices later on as the means of storing media. Amazingly,
magnetic tape is still used throughout the world today for storing media.
UNIVAC introduces the "UNISERVO" tape drive for the UNIVAC I computer. It was
the first tape storage device for a commercial computer, and the relative low
cost, portability and unlimited offline capacity of magnetic tape made it very
popular. UNIVAC tapes were ½" wide, 0.0015" thick, up to 1,500' long, and
made of phosphor-bronze with a metallic coating. Weighing about three
pounds, each reel could hold 1,440,000 decimal digits and could be read at
100 inches/sec.
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Magnetic Disk Emerges, (RAMAC) – 1952

Clearly the magnetic disk has one of the biggest impacts in terms of computing. The
magnetic disk unlocked many possibilities for storing larger and larger amounts
of data, which also in turn jump started the database field in computing.
Previously, no one had thought of databases seriously, simply because there
was no way that large amounts of data could be stored. RAMAC was the first
computer to use a moving head hard disk drive. The disk drive worked very
closely to what we have today, a spinning magnetic ring and a moving head
used to read/write to it.
The IBM RAMAC 350, had a storage capacity that was approximately 3.75 MB.
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In 1966 or so, IBM introduced the 2314. It was a system that had 9 drives (8 in use
at a time, plus a spare), each capable of holding a 29+ megabyte disk pack
which was removable, although quite heavy. The pack was 14 inches in
diameter and held about 12 disks of aluminum .
“The first production machine was built in San Jose and installed for a customer in
San Francisco. It had run in the plant for weeks without error before it was
shipped. When it was delivered to the customer, they put new disk packs in and
it ran fine... for about a week, when the heads started crashing and data was
lost. Big disaster. They threw out all the packs, repair the crashed heads and
tried it again... Again, after about a week, things started crashing again. This
time they looked a bit more carefully and discovered an unexplained white
powdery residue in the failed drives.“After some time and analysis, they figured
out what was happening. The white powder was dried glue... that had been
used to glue onto the bottom of the customer's disk packs, labels that showed
they had passed testing. After about a week of spinning, the glue was drying out
and cracking. The packs they used in the plant were the same, but had never
had the labels applied. Problem solved.”
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The Floppy Disk (1969)
Finally, let’s look at the floppy disk. At IBM, development begins on the
Minnow, a read-only floppy disk drive designed to load microcode into the
controller for the "Merlin" (IBM 3330) Direct Access Storage Facility.
The outcome of the work was a read-only, 8-inch, 80 kilobyte floppy disk and disk
drive—the world’s first. Released as the IBM 23FD in 1971, it was used with
the System 370 among other computers. Unlike hard drives, a user could
easily transfer a floppy in its protective jacket from one drive to another. It was
not until 1973 that IBM released a read/write floppy disk drive. Soon after, it
became an industry standard.
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5 ¼-inch flexible disk drive
The 5 ¼-inch flexible disk drive and diskette are introduced by Shugart Associates
in 1976. This was the result of a request by Wang Laboratories to produce a
disk drive small enough to use with a desktop computer, since 8-inch floppy
drives were considered too large for that purpose. By 1978, more than 10
manufacturers were producing 5 ¼-inch floppy drives.
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3 ½-inch floppy drive
Sony introduces the first 3 ½-inch floppy drives and diskettes in 1981.
The first significant company to adopt the 3 ½-inch floppy for
general use was Hewlett-Packard in 1982, an event which was
critical in establishing momentum for the format and which helped
it prevail over the other contenders for the microfloppy standard,
including 3-inch, 3 ¼-inch, and 3.9-inch form
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LASER Disk 1978
The LaserDisc is introduced as “Discovision” by MCA and Philips.
The first LaserDisc sold in North America was the film Jaws.
It offered better audio and video quality than its competitors, but
LaserDisc players were prohibitively expensive for many
consumers. That fact, in conjunction with the availability of only a
limited LaserDisc library, helped it gain significant popularity only
in parts of Asia. Now obsolete, it was the direct forerunner of the
CD and DVD.
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CD ROM 1983
Able to hold 550 megabytes of pre-recorded data, CD-ROMs grow out of music
Compact Disks (CDs). The CD was developed by Sony and Philips in 1982 for
distributing music. The first general-interest CD-ROM product released after
Philips and Sony announced the CD-ROM format in 1984 was Grolier´s
Electronic Encyclopedia, which came out in 1985.
The 9 million words in the encyclopedia only took up 12 percent of the available
space. The same year, computer and electronics companies worked together to
set a standard for the disks so any computer would be able to access the
information.
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ROM chips
The Atari Video Computer System (VCS) video game console is introduced.
It was one of the first successful consoles that used interchangeable
cartridges with factory programmed ROM chips to store the software. At
first, designers planned to use an internal ROM chip that contained
several pre-programmed games. This method was used in many
predecessor consoles, but Atari’s choice on using cartridges in part led
the VCS to becoming one of the most popular video gaming systems of all
time.
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1984 CompacTape
Originally developed by Digital Equipment Corporation for its VAX family of
computers, the drive wrote 22 data tracks back and forth on ½-inch wide
tape and originally held 92 MB of data. It replaced the 1960s-era DECtape,
and its usage grew rapidly in the mid-1990s. It evolved into Digital Linear
Tape (DLT), and was widely used in medium and large-sized Local Area
Networks. The DLT technology was purchased by Quantum in 1994, and
nearly 20 years after its introduction, "SuperDLT" could hold up to 800 GB
of data.

History of Memory and Storage
Flash memory 1984

Fujio Masuoka invents flash memory in 1984 while working for
Toshiba. Capable of being erased and re-programmed multiple
times, flash memory quickly gained a loyal following in the
computer memory industry. Although Masuoka’s idea won
praise, he was unhappy with what he saw as Toshiba’s failure to
reward his work, and Masuoka quit to become a professor at
Tohoku University. Bucking Japan’s culture of company loyalty,
he sued his former employer demanding compensation, settling
in 2006 for a one-time payment of ¥87m ($758,000).
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Digital Video Disk (DVD) 1995
The Digital Video Disc (DVD) format is introduced, and its storage capacity is a huge
increase over the common compact disc (CD). Two groups, made up mainly of
Japanese technology companies, had been developing competing, optical disc
storage formats. In order to avoid a format war akin to the VHS versus Betamax
clash of the 1980s, IBM initiated a working group of technology experts that
brokered the competition. After compromises from both sides, the DVD format
was formalised. DVDs came in both read-only and read-write formats, and were
widely adopted in the film industry for consumer releases of movies. Its better
audio and video quality, interactivity, and improved lifespan effectively rendered
the VHS format obsolete. Its successor was the Blu-ray disc.
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Solid State Disk 1992
A prototype solid state disk (SSD) module is made for evaluation by IBM.
SanDisk, which at time was known as SunDisk, manufactured the
module which used non-volatile memory chips to replace the spinning
disks of a hard disk drive. SanDisk recognised that handheld devices
and computers were becoming lighter and smaller, and that flash
memory, as was used in the SSD module, offered powerful advantages
over hard disks.
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When CompactFlash is introduced by SanDisk, it is quickly adopted
and becomes the preferred memory storage option in many
consumer as well as professional electronic devices. It was highly
popular in digital still and video cameras, and although its
dimensions were slightly larger than some other memory card
formats, its ruggedness and high capacity made it a preferred
choice. Although most CompactFlash units used flash memory,
some actually relied on a hard disk.
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The Iomega Zip Disk is released. The initial Zip system allowed 100MB
to be stored on a cartridge roughly the size of a 3 ½ inch floppy disk.
Later versions increased the capacity of a single disk from 100MB to
2GB. Like hard disks but unlike other floppies, ZIP drives used a
non-contact read/write head that “flew” above the surface.
Reliability problems and low-cost CDs eventually made ZIP disks
obsolete.
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Compact Disc-ReWritable (CD-RW) 1997
The Compact Disc-ReWritable (CD-RW) is introduced.
This optical disc was used for data storage and in the backing up and
transferring of files to various devices. It was less robust than some
contemporary storage media, and could only be re-written roughly
1,000 times. However, this factor seldom encumbered users who
rarely overwrote data that often on one disc.
CD-RWs that were created on CD-RW drives were often unable to be
read on CD-ROM drives. DVDs overtook much of the market share
from CD-RWs.
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IBM MicroDrive 1999
IBM releases the Microdrive in 170 MB and 340 MB capacities.
At the time of their introduction, they were the smallest hard drives in the
world. Like all hard drives, Microdrives were mechanical and contained
small, spinning disk platters, and were more prone to physical damage
from temperature fluctuations and physical shock than other storage
media.
Hitachi purchased IBM's hard disk division in 2002, which included the
Microdrive. For several years, Microdrives had more data capacity than
CompactFlash cards, but were soon overtaken by the these and by USB
flash drives. Many handheld, mobile devices contained embedded
Microdrives for data storage.
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USB Flash Drive 2000
USB Flash drives are introduced. Sometimes referred to as jump drives
or memory sticks, these drives consisted of flash memory encased
in a small form factor container with a USB interface.
They could be used for data storage and in the backing up and
transferring of files between various devices. They were faster and
had greater data capacity than earlier storage media. Also, they
could not be scratched like optical discs and were resilient to
magnetic erasure, unlike floppy disks. Drives for floppy disks and
optical discs faded in popularity for desktop PCs and laptops in
favour of USB ports after flash drives were introduced.
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First 1TB Hard Disk Drive 2009

Hitachi Global Storage Technologies announces the first 1 TB hard disk drive (HDD).
The Hitachi Deskstar 7K1000 used five 3.5-inch 200 GB platters and rotated at
7,200 RPM. By comparison, the world's first HDD, the IBM RAMAC 350, had a
storage capacity that was approximately 3.75 MB. As such, the Deskstar had a
greater storage capacity by a factor of 300,000 and was thousands of times
smaller.
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DropBox 2007

Dropbox was designed as a cloud-based service used for convenient
storage and access to files. Users could upload files via the web to
Dropbox’s vast server farms, and could instantly access them on any
of their devices or computers that had the Dropbox client installed.
The service also included sharing functionalities which allowed
access to folders by multiple users.
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Cloud-based network-attached storage solutions
Vendors announce cloud-based network-attached storage solutions for
online backup.
They were designed for small and medium sized businesses in
addition to general consumers. With these services, servers could
automatically back up data to remote servers. They were designed
for data protection, and along with backup capability it also
provided a data recovery solution.
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Conclusion
A lot more can be said about each of these technologies.
But it is important to note that each one of them has had its contribution to
computers as we know them today.

