Homi Bhabha and Information Technology in India:
TIFRAC - India’s First Computer
Abstract

TIFRAC (Tata Institute of Fundamental Research Automatic Calculator) - the first electronic digital computer to be designed and built in India - marks the first significant step the country took towards self confidence in Information technology.  

It owes its origin to Dr Homi Bhabha’s philosophy of developing internal competence in high technology areas by designing, developing and implementing sophisticated systems rather than by merely procuring and using them. 

Building TIFRAC was a credit-worthy achievement in itself. However, the impact of this activity went far beyond the immediate one time benefits that could accrue from the availability of such a machine in a developing country. It influenced the growth of computer technology, computer awareness and utilisation in a positive and phenomenal manner over a much wider field and for a much longer time than one would have expected. Above all, it enabled the building up of a strong group of competent first generation computer professionals. As a result, the ‘TIFRAC spirit’ characterised nearly all subsequent activities of the group and influenced the course of development of computer technology in India. In fact, the Bhabha approach of developing technology can be said to have molded the pattern of evolution and growth of computer culture in India. 
This paper describes some of the unique features of TIFRAC. It traces not merely the direct fallouts from such an effort - e.g. the technological know-how developed, the role it played in facilitating scientific and technological research - but also the very substantial indirect benefits as well: nation wide proliferation of computer awareness, education and utilisation; in particular, building up of self confidence to undertake complex, challenging and crucial ventures - in short, the maturing of the technology in India.
1. Introduction 

1.1 The Bhabha Philosophy
TIFRAC (Tata Institute of Fundamental Research Automatic Calculator) was the first computer to be built in India and exemplifies Dr Bhabha’s approach to developing facilities, infrastructure and competence in areas of sophisticated technology which are of vital interest to the country:  (a) anticipate the directions in which science and technology are likely to move, (b) initiate well in advance the steps necessary to achieve proficiency and self dependence in these areas and (c) institute institutional structures to make this possible. It is with this foresight that he approached the Dorab Tata Trust with a proposal to establish a new Institute, to function as a cradle for India’s nuclear power program. The Tata Institute of Fundamental Research is the result of this vision and foresight. The way the Institute helped to turn this dream into reality is now history. 

To Dr. Bhabha, establishing competence in Nuclear Technology did not mean concentrating on just that but embraced a whole slew of related areas of technology; achieving competence in electronics instrumentation was a major component of this strategy. 

If a certain sophisticated instrument or system was required for this effort, it was not correct to merely procure it from abroad and achieve expertise in using it to best effect. He was keen that one should develop the ability to design and build such equipment entirely internally. As a consequence, TIFR had groups developing and building a wide variety of sophisticated instruments. These ranged from Geiger counters and electronic power supplies at one end, to sophisticated cloud chambers, linear accelerators, cyclotrons and electronic computers at the other. There was thus a concerted effort aimed at building of competence, infrastructure and a strong technological base – in short, self confidence and self reliance.
The unit that started with building Geiger counters and power supply systems grew to be eventually spawned out as the Electronics Corporation of India. The small facility that fabricated balloons for cosmic ray experiments became a major facility in Hyderabad which supplied very sophisticated high altitude plastic balloons even to leading research groups elsewhere in the world. The division that built the instrumentation for the Apsara Reactor was the foundation for building highly sophisticated reactor control systems for India. Similar instances can be cited in many areas of technology where the first steps for establishing Indian competence were taken under the TIFR roof. 

1.2 The Early days of Computers in India

The TIFR story for Digital Computers followed this pattern. As mentioned already, the ruling philosophy at that time was ‘do it here, do it ourselves’ - hence the decision to design a computer in-house rather than purchase it from the international market. To achieve this objective, a small Computer Section was formed in the mid-fifties as part of the Electronics Instrumentation Group of TIFR. The effort to build a computer was on its way by 1955.
The 1950’s were a time when computers were virtually unknown in India; there was not even a single computer in the country. Dr. P.C. Mahalanobis, another renowned Indian Scientist also appreciated the importance of computers for Indian Science. In 1956, he decided that a computer should be purchased for the Indian Statistical Institute (ISI) which he headed. ISI imported a Hollerith HEC-2M computer for a princely sum of Rs 10 lakhs, This was a 24 bit, serially accessed machine with a magnetic drum memory, a Hollerith card reader for input and a modified Hollerith card tabulator for output.  It was not an easy machine to use. ISI’s second computer, the 'Ural', a Russian machine, was acquired in 1959. It was a binary, fixed point, single address, 36 bit, 1024 word, magnetic drum memory, vacuum tube machine with an operating speed of  100 operations per second. It had paper tape and “key printing device” I/O and external storage in the form of magnetic tape and paper tape. The first commercial computer in India, an IBM 1401, was installed only in 1961 in ESSO Standard Eastern Inc., Bombay.
1.3 TIFRAC and Apsara

India’s first computer was taking shape at about the same time as India’s first reactor (Apsara, also so named by Jawaharlal Nehru) was being designed at the other campus of TIFR in Holiday Camp (now called Navy Nagar), Colaba, Bombay. 

The Apsara and TIFRAC design teams, all young bachelors, lived in the TIFR hostel and were quite close to each other. There was much exhilaration when Apsara went critical for the first time.  There was similar excitement when all the subunits – the arithmetic, memory, control and display units - operated in synchrony and the first program could be run on the system which consequently became a TIFR designed ‘computer’.  it was a small machine language program cumulatively adding one number to another; it looped a number of times and stopped after a specified number of cycles, To the design team, the first Indian computer running a ‘stored program’ was as much a milestone as the first Indian reactor sustaining a chain reaction of nuclear fission! 

1.4 Computer Design  - Progress of Technology over Six Decades
Computer design, architecture, and fabrication have undergone more than a sea change over the six decades and more that have elapsed since the first Electronic Digital Computers. As a consequence, it may not be easy to appreciate the effort involved in designing, developing and making a computer work during the mid fifties of the last century, the time TIFRAC was built.  

Due to very high levels of integration, today’s computers have a rather small number of highly complex sub-units. Assembling a computer today can at one extreme be as simple as buying such modules from the market and plugging them together into a readymade cabinet. If this is comparable to assembling a Lego toy using standard building blocks, designing and assembling a computer then was like designing and building a model engine from basic raw materials. 

Computer science and technology were in their very infancy at that time.  In the TIFRAC case, the task involved putting together several tens of thousands of individual components (resistors, capacitors, wires and vacuum tubes).  Vacuum tubes were used because not even transistors were in vogue at that time, not to mention the complex large and very large scale integrated circuits of contemporary technology.  The task was complex because the building blocks were small and numerous. More importantly, the group had to start design from zero level. 

In an electronic system, the weakest links are usually the interconnections.  (They can break, short-circuit or develop loose contacts.) The number of interconnections goes up rapidly with the number of components.  If the number of components increases by a factor of  ‘n’, the number of interconnections may increase by some number between n and n2. This impacts the performance of the system in two important ways.  Firstly, the number of failures due to interconnections increases by a similar factor; consequently, robustness and reliability suffer.  Secondly, as the number of components increases, fault localisation becomes difficult.  These two reasons alone are responsible for making computers of today far more reliable and easier to repair than were machines like TIFRAC.  The upside of this of course is that design becomes less restrictive, and hence can be far more innovative. (A building architect can implement practically any design if he used bricks, cement and steel.  He gets very constrained if he has to use only standard prefabricated sections.)  

2. TIFRAC Design 
2.1  The Early stages
TIFRAC was intended to be a full blown, powerful computer, and was meant to meet the computing needs of the growing groups in the various institutions of of the atomic energy family. In addition, it was expected to provide a stimulus to use of computers in research in Indian universities and government-funded scientific establishments.  Even use by commercial institutions was not ruled out.

When the Computer Section was formed as part of the Electronics Instrumentation Group of TIFR in 1955, it consisted of a handful of fresh M.Sc. (Physics) graduates (with electronics specialisation) supported by a few radio engineering diploma holders. (There were no IIT’s at that time.) The senior most member of this group was Dr. R. Narasimhan, a Ph D in Mathematics who just returned from USA.   None of the participants had any previois computer expertise or exposure.  None (except perhaps Dr. Narasimhan) had even seen or used a computer. 

Knowledge wise, the world over, the basic techniques of computer design were only beginning to be developed and understood at the few universities and computer manufacturers who were active then.  Much of the work done at these places remained unknown to others because very little was published.  

The TIFR group had access to some minimal information about the ORDVAC computer designed for the US Army at the University of Illinois. This information was sketchy and fragmentary. There were hardly any sources of information to help the beginner to get started, so one had to ‘learn on the job’. Lack of information forced the TIFR design group to do most of their design independently, ab initio, and in vacuo, rather than copy from other computers.  This was as much a handicap as it was a challenge - and an excellent opportunity to innovate.

For a group of novices with little training and less information to help them, attempting to design a full scale computer straight away could well have been a recipe for disaster. Hence, rather than build a full-fledged machine at one go,  the group decided to build a ‘pilot model’ of the computer in the first instance.  The pilot model was to be a testing, educational, training and proving ground for the researchers and their (sometimes crazy-sounding) ideas.  This pilot model was completed in less than two years, in late 1956. With the competence and self-confidence gained in that exercise, the group designed and built a full-fledged machine in about three years [4]. TIFRAC (TIFR Automatic Calculator) was the name given to this machine by Prime Minister Jawaharlal Nehru, when he inaugurated the new TIFR building, in 1960.

Insert figure 1 here

Caption: TIFRAC being named and inaugurated by Prime Minister Jawaharlal Nehru.

2.2 Technical Specifications
Both the pilot model and TIFRAC itself were fashioned based on the general principles enunciated in the classic von Neumann report of the Institute of Advanced Studies. It was therefore an IAS type of machine. 

The basic components of this machine were the arithmetic unit, the memory unit, the input-output unit and the control unit.  Each of these units contained sub-units - complex subsystems consisting of registers for holding numbers, adders, counters selectors, decoders and encoders and other functional digital circuitry such as flip-flops, gates and drivers.  These in turn were built out of vacuum tubes, resistors and other components, a total of over twenty thousand individual pieces of electronic hardware.  

The Pilot Model was a parallel, asynchronous, fixed point, single address machine with a word length of 12 bits and a two-dimensional Ferrite Core memory of 256 words. Input and output were accomplished via paper tape and Teletype. The total power consumption of this machine was about 10kW. 

The full scale system (TIFRAC) was no toy (Fig 2, Fig 3, Fig 4). It had a 40 bit word length and a three dimensional ferrite core memory of 2048 words. With a cycle time of 15μs, it was better than the IBM 701. In fact, it had a state-of-the-art three-dimensional magnetic core memory system which was designed and put together in TIFR. Thanks to the Rao-Basu carry bypass adder, addition took only a few microseconds; multiplication and division took much less than a millisecond each. Input and output were by paper tape and a standard teletype unit running at 50 baud (7 characters per second). It had 2700 vacuum tubes, 1700 germanium Diodes and 12,500 Resistors. It occupied a floor area of approximately 4000 square feet and had a power consumption of well over 20 KW.

Insert figures 2,3 and 4 here

Captions: 
Fig. 2 TIFRAC with doors removed
Fig. 3 TIFRAC plug-in units
Fig. 4 TIFRAC power supply
Since the memory could not accommodate a compiler, the group implemented a three-address interpretive routine for floating point arithmetic. This incorporated several features which were especially useful for inversions of large matrices.
3. Innovations in TIFRAC

The group had to discover rather than learn how to design a computer and its components.  That being the case, there had to be a certain amount of trial and error.  On some occasions they might have rediscovered the wheel.  Even in such rediscovery there was high probability of innovation.  On the other hand, several of the features in TIFRAC were very original and innovative.  A few examples follow.

3.1 The Memory Unit 

Those were the days when magnetic core memories had just become possible. (Earlier computers had used Acoustic Delay Lines and Cathode Ray Tube - capacitor memory systems which were very fragile and inconvenient; being volatile, they had to be frequently refreshed.)   The TIFR group opted for magnetic core memories, but readymade memory assemblies were not available at that time.  Not to be deterred, the group procured the miniscule magnetic cores and built its own memory system using them.  

This task was taken up by B.B. Kalia. He and his team actually strung the memory matrix together, designing the special plexi-glass frames, and threading the hair-thin enameled wires through the sub-millimeter magnetic ring cores – eighty thousand of them. Each core carried four wires! It was the careful design, engineering skill dexterity of this team that accomplished this challenging task.  

3.2 Carry Anticipation XE "Carry Anticipation" : The Rao-Basu Adder 
The time required for the addition of two numbers is an important factor which determines the speed of operation of computers. When two numbers are added, bit-wise addition can be performed in parallel but the sum can be determined only after completion of serial propagation of carry through the bit stages. In the worst case, carry has to propagate from the least to the most significant bit. This delay can be considerable for long word length machines. TIFRAC implemented a simple and ingenious scheme for rninimising carry propagation time. This is briefly described below.
Literature lists a number of methods aimed at reducing carry delay. A brute force solution is to eliminate carry altogether and compute the sum output of each bit stage independently as a direct function of the addend and augend bits of this stage and of all less significant bit stages. Such an implementation would be very complicated and need a different circuit for each bit stage. 

Carry storage adders save time when several numbers have to be added in sequence. They store the carry generated during each addition step and add it to the next bit stage only during the next addition. The sum obtained will have to be corrected; hence there has to be a final carry assimilation step after all the additions have been carried out. 
The Rao-Basu adder [1, 2, 12] is based on the fact that under certain circumstances, the carry output is independent of the carry input (see examples below) and it is possible to save time and perform fast addition by anticipating or predicting the carry output of a bit stage independently of the values of the carry bits of the immediately preceding stages. The first two binary additions in the following examples would be fast because the carry output of each of the individual stages is independent of the carry input. 
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Addition for the third example would be the slowest because in this case, carry from the least significant stage has to ‘propagate’ through all the (n - 2) intermediate stages before it effects the sum output of the most significant stage. The total time taken for completing an addition can be Tcg + (n - 2)Tct + Tsg, where n is the total number of stages, Tcg is the time taken for generating carry (in the least significant stage), Tct is the time taken for carry to be transmitted through a stage (i.e. the delay between carry input being applied and carry output being generated), and Tsg is the time taken for the sum to be generated (after the carry input is applied).   
The Rao-Basu adder is split into a number of blocks, each consisting of a number of conventional bit stages. There are three possibilities for each block with respect to carry: it can be generative (i.e. a carry output at the most significant stage is one irrespective of a carry input at the least significant stage: e.g. if both inputs of the most significant stage are one), transparent (i.e. carry output at the most significant bit stage is the same as the carry input at the least significant bit stage; this happens if only one of the two sum inputs in each stage is one and the other input is zero), or annihilative (i.e. carry output is zero at the most significant stage irrespective of carry input at the least significant stage: e.g. when both the sum inputs at the most significant stage are zero).
In generative blocks, carry has to propagate only from the stage where it is generated to beyond the most significant stage. In case of annihilative blocks, there is no carry propagation beyond the block. In the worst case it may have to propagate from the least significant stage up to the stage where it is annihilated. Transparent blocks, on the other hand, contribute the longest delay because carry has to propagate through all the digit stages of the block. This time can be saved if carry is made to bypass the entire block if it happens to be transparent. 
Carry within the block is generated in serial mode up to the most significant bit stage of the block and has to be combined with the bypassed carry from the least significant bit end. Hence there is no harm if carry is bypassed even for generative blocks.  Carry can be bypassed in a block if, for each bit stage, either or both of the sum inputs is one. 

The function for carry output from the block can then be written as 

C’n = Cn V Cp Λ (Ap V Bp) Λ (Ap+l V B p+l l) ... (An V Bn)

where Cn is the carry output from the most significant bit stage of the block, Cp is the carry input to the block, and the A’s and B’s are the addend and augend inputs for the individual bit stages.  
It is advantageous to bypass carry even for generative blocks because the function Ai V Bi can be used instead of Ai ( Bi [( stands for exclusive OR]; this (i.e. the is much simpler to implement, particularly with discrete components.

The adder has to be configured to minimise worst-case carry delay. This is done by choosing the optimum size for the individual blocks as follows. Delay is maximum when carry is generated in the least significant stage of the first block and dies down in the most significant stage of the last block. If the N bit adder is configured as b blocks of a units each, with such a bypass for each of the blocks (see Fig. 7.3), carry ripples through the (a - 1) stages of the first block, bypasses the (b - 2) blocks in between, and again ripples through (a - 1) stages of the last block. Assuming that a single bypass stage causes the same delay as a single bit stage, the total delay will be (2a + b - 4) units, i.e.  (2a + n/a - 4) units (since a. b = n, b = n/a). This delay is minimum when a  =  √(n/2) and b =  √(2n).  The worst-case delay will then be (2√ (2n) - 4) units. 

Alternatively, one could provide two sets of bypasses, one each for 2a stages. The first set would span the first to the 2ath stage, (2a + l)th to the 4ath stage and so on while the second spans from (a + 1)th to the 3ath stage, the (3a + l)th to the 5ath stage, and so on. The worst case delay of (a - 1) + (b/2 - 2) + (a - 1) = (2a + b/2 - 4) units in this case is minimum when a  = (√n)/2 and b = 2√n. The worst-case delay in this case will be 2√n - 4 units.
TIFRAC used the first method, dividing the 40 bit stages into five blocks of eight bits each, reducing the carry delay time (by a factor of nearly three) from 39 units to 14 units. The second method would have required the adder to be divided into 13 blocks of three stages each. The maximum delay would then have been 10 units.

An advantage of the Rao-Basu adder was that it could be incorporated even into a working machine with minimum modifications. The first method required only one diode per stage while the second required two diodes per stage. 
The much more recent integrated circuit ‘carry look ahead’ adders use a technique very similar to that of the Rao-Basu adder for fast addition. They too divide the adder set-up into a stages of b blocks each. However, instead of using ripple carry for each of the intermediate bits, they generate carry for each of these independently. They define a digit stage as being propagative when ai ( bi = 1 for all I, using the exclusive OR function instead of the simple union or V function. Both these deviations increase complexity, which is not a serious issue for integrated circuits.
3.4 Electronic Display of Text and Graphical Information 
Computers of that time (including TIFRAC) used slow electromechanical devices such as teletype writers as the standard output medium.  TIFRAC boasted a very futuristic visual display with textual and graphical output. Such displays became available in commercial machines only much later. TIFRAC used a very original (flexible, line segment based) display strategy for alphanumeric characters. 

Fully implemented in 1960, this system had several innovative features [3,5].  Instead of dot matrix display, individual characters and letters were formed out of line segments, giving much more clarity for the same amount of information and making the text significantly easier to read (See figure 1). Eight types of basic lines were used (four along the axes and four diagonals). Information required to trace these lines was represented as two ternary sequences of X and Y displacements (+1, 0 and -1): equally spaced pulses of either polarity. This information was contained in an easily modifiable form, in pulse transformers with multiple secondary windings. These secondary windings had to be connected in series in the right polarity, two such connections being needed for each character (for X and Y displacements). Extra windings were provided for future use. Character shapes could thus be changed and even new characters added without circuit modifications, simply by altering or adding to the existing wiring. Interfacing with the computer was extremely simple and straightforward. There was a singe display instruction which conveyed the character display specifications through the Q - register. Display was initiated by means of a start pulse from the computer; A ‘display on’ pulse signalled the completion of operation.  
Insert figure 5 here.  

Caption: All the Characters that could be displayed in TIFRAC

A mathematical equation displayed by the system is shown in figure 2, 

Insert figure 6 here

Caption: CRT textual display in TIFRAC

Figure 3 shows an equation and the corresponding plot along with the X and Y axes and calibration markings.  In all likelihood, that was the first text and graphics display of computer outputs anywhere on a CRT screen.  A ‘Memotron’ memory display tube was used, which retained the image without the need for refreshing.  The display tube was circular, and all of 4” in diameter! 

Insert figure 7 here

Caption: Textual and Graphical display in TIFRAC (probably the earliest such display ever done by anyone)

The futuristic nature of this design became evident in 1962 in a very refreshing manner, during the evaluation of the CDC 3600 computer for purchase by TIFR (See section 5.4 below).  The CDC 6600, which was then being designed and built, was also shown to the evaluation team.  The display system for the CDC 6600 machine also had a CRT display facility with line segment display for text characters, a feature their team was proud of.   This author was happy to inform them that such a system was designed and incorporated in TIFRAC in 1960. They were given references to the relevant publications including the Ph. D. thesis of this author. It was gratifying to realise that TIFR was on par with, if not ahead of one of the leading design teams in the world.

4.         Computer Literacy and Computer Awareness- TIFRAC role: 

The role played by the TIFRAC effort in fostering computer awareness and computer literacy in the country is worth noting. Even in the late fifties when TIFRAC was getting ready, there was hardly any institution where people even knew about computers, let alone use them. Decision makers even in leading government and commercial institutions, being uninitiated, were practically clue-less about the implications of computerisation, the options available and their relative merits. Prospective buyers of computers were usually content to be guided by salesmen of the various manufacturers. As a consequence the pattern of computerisation in these early days fostered the interests of the manufacturer and seller rather than those of the buyer and user. Obsolete machines which were being phased out from the advanced countries were palmed off on the Indian buyer. Even the applications that they were put to were those suitable for those countries, i. e. straight automation of routine office functions, fuelling fears of large scale unemployment. Not surprisingly this brought about a strong backlash of bitter opposition from labour unions, setting back the process of induction of computers in India for years to come.

Even in the academic and research institutes there was hardly any use of computers as they were expensive to import and difficult to access and use. Under these circumstances, rather than remain as a captive facility for the exclusive use of TIFR and other institutions from the atomic energy family, TIFRAC was made available to any organisation that wished to use it. This was one major factor responsible for spreading computer awareness and the culture of using computers for scientific research as well as in governance. 

TIFRAC served the widely dispersed scientific community in the country well. To facilitate this, TIFR teams ran special computer programming courses at a number of centers for a variety of user groups. With the availability of TIFRAC, scientists in India were essentially on par with their counterparts in the world in terms of scientific computing infrastructure. These were the early years of the Atomic Energy Training school and students of this school (who were later to occupy important administrative and research positions in the Tata Institute, the Atomic Energy Establishment, and a number of other leading institutions) had their first introduction to and opportunity for using computers, thanks to TIFRAC. Packages developed at TIFR were being widely used in the Oil Companies and the Naval Dockyard laboratories. Research and development centers of the power and space agencies and state governments as well as town planning organisations were using the TIFR facility.

The computer introduced the excitement and power of digital computation to organisations and well established research groups and, equally importantly, to an entirely new generation of young scientists. It was quite common for groups of young students and research scholars from government, universities and R&D organisations such as CSIR and Defence Research to come to Bombay from as far away as Delhi, Banaras, Trivandrum and Madras for using the computer. Well over fifty different organisations were users of the computational facility of TIFR!  They used TIFRAC for an impressively wide variety of applications. It might be mentioned that when Dr. Abdul Kalam was selected as a Rocket Engineer for the Indian Space Program in 1962, he was posted to the Atomic Energy Establishment at Trombay and the first assignment given to him was to work with the TIFRAC computer team;  

5.            Activities in TIFR – Post TIFRAC: 

ILLIAC II the high speed computer of the University of Illinois was being designed and built in the early sixties. After TIFRAC was ready, this author worked at this university as part of the design team for ILLIAC II.  R. Narasimhan too went to the University of Illinois the following year, to work in the ILLIAC III project. Several of the other members of the TIFRAC design team also went to the United States on various assignments and a good number of them returned subsequently to TIFR.

TIFRAC which was operational by early 1960 continued to be heavily used till 1965.  Within a year or two of TIFRAC’s operation, it was clear that demand for its use was growing so fast that it would exceed capacity within five years of its commissioning, both in volume and speed. The machine was put on two shift operation to meet this demand.

A decision was then taken to commercially acquire rather than build TIFR’s second machine.  The Institute also launched the design and fabrication of a minicomputer out of Indian components. In subsequent paragraphs, we shall briefly discuss this machine and its impact on computer technology and use in India. 

To appreciate the reasons for this seeming shift away from the earlier policy of local design, it is necessary to understand the manner in which computer technology evolved over the years. We attempt this in the following sections.          
5.1 Evolution of Computer Technology 

As mentioned earlier, even in the advanced countries, the first steps towards designing and building computers were taken in the Universities. The most advanced computers were designed there. The ideas developed there (such as pipelining, cache systems and virtual memories) were incorporated into the products of leading computer manufacturers.

The first few decades also saw major advances in component technology. With the advent of integrated circuits, circuit design moved away from the research laboratory and the computer manufacturer into the domain of the IC manufacturer.  With the advent of large scale integration, increasingly complex functions could be implemented within a single chip and even innovations in computer architecture now had to happen within the chip itself. Consequently, circuit, logic and system design all came into the domain of the chip manufacturer. Small scale operations for computer manufacture were becoming increasingly less viable. Due to economics of scale, even with today’s world wide proliferation of computers, there is room for only a handful of computer chip manufacturers world wide.
Even during the short seven years or so that elapsed after the start of the TIFRAC venture, computer technology and the art of making computers advanced very significantly [10]. Manufacturers such as IBM and Burroughs were still holding on to discrete component technology but used sophisticated packaging and assembly techniques which were impractical in an academic institution.
5.2 University Research in Computer Technology – the Illinois experience:

The University of Illinois provides a good illustration of how this march of technology impacted the pattern of computer development in the universities. This university started serious involvement in computer design and building with a US Government contract in the late 1940’s. ORDVAC, the result of this effort, was ready in 1951 and was put to use at the Aberdeen proving grounds of the US army.  Under the same contract the university’ were funded for building ILLIAC I, a very similar computer, for internal use; this machine was ready in late 1952. Pioneers of their time, ORDVAC and ILLIAC were both IAS type of machines using the von-Neumann architecture and the first such machines from an American university. (The original IAS machine, built under the direction of von Neumann himself was ready only in 1952, taking nearly as much time to build as ORDVAC and ILLIAC I together.) It is said that even in 1956 ILLIAC I had more computing power than all the computers in Bell Labs combined.  ILLIAC I used 2,800 vacuum tubes. It had a Williamson’s CR tube refreshable memory (capacity of 1024 words) using a 64K Drum memory. It remained in use till ILLIAC II became operational in 1963.

Powerful though it was, it would have been difficult to mass produce even an ILLIAC I type of machine, primarily because for such one off effort, ad hoc methods get sometimes used during implementation. (In any case, graduate assistants are not the ideal implementers of production methods in developmental computers. This author remembers a prominent notice displayed on the ILLIAC I cabinet which said, “in case of errors in the drum memory, give a sharp kick to the lower left hand corner of the door to the fifth cabinet”). 

The University of Illinois High-speed computer, ILLIAC II was the first machine to be visualised as a super-computer and was aimed to be two orders of magnitude faster than contemporary machines.  ILLIAC II had a word size of 52 bits and a core memory of 8192 words with an access time of 1.8 to 2 µs. It also had 65,536 words of magnetic drum storage with an access time of 7 µs. The "fast buffer" or cache access time was 0.25 µs. This machine incorporated highly futuristic ideas such as pipelining (called advanced control) and virtual memory (single level storage) that were soon adopted by the entire Industry. 

Large scale production would have been impossible for ILLIAC II. Though it was a clear leader conceptually and in terms of performance, even this machine was per force behind times in terms of fabrication technology; the team had to struggle to implement it using contemporary technology within the constraints of the university infrastructure.  

Intended as a special purpose machine for the processing of bubble chamber photographs, ILLIAC III was completed in 1966. Even this was a leader in its time. In fact however, the machine was destroyed in an internal electrical fire within two years of commissioning. This too indicates the risks involved in taming high technology under the roof of a university laboratory. 

The ILLIAC IV story further highlights this aspect. Designed ambitiously, it was one of the earliest massively-parallel vector-processor type machines and was meant to incorporate up to 256 processors.  Even though the processors were bought out, the design had to be scaled down during implementation to keep the project within bounds. Even so, it got over-budget and very much delayed, taking over ten years to implement.  By the time it was ready, ILLIAC IV was already outdated and outperformed.

In short, the experience with the ILLIAC series clearly illustrates how, as technology advanced over these 25 years it became progressively difficult to design and build computers in a university environment. While a university could be a leader in terms of developing breakthrough concepts and spectacular design innovations (which the University of Illinois did consistently), implementing them was quite another thing. ORDVAC and ILLIAC I (1952) were really successful projects and were completed well in time, ahead of comparable efforts elsewhere. ILLIAC II (1963) was in comparison a mammoth effort and taxed the university facilities very heavily. The project had its share of ups and downs.  (As mentioned already, this author worked at the University of Illinois after TIFRAC was completed; he worked on the design of the Control unit. He also designed its Magnetic Drum subsystem and was privy to various aspects of ILLIAC II activity.) ILLIAC III (1966) too had its problems and was destroyed in a lab fire within two years of getting ready. (R. Narasimhan worked with the ILLIAC III group at that time, developing a Syntactic Approach to Pattern Recognition.) ILLIAC IV (1976) widely missed its targets on many fronts - budget, schedules, performance and contemporaneity. 

Clearly, it would have been foolhardy in the 1960’s for TIFR to attempt to build locally a next generation high-speed high capacity computer to cater to the fast-rising needs of the Indian user community.   The institute anticipated this and decided to buy rather attempt to build a very powerful state of the art machine.  As mentioned earlier, it also took up the design of a minicomputer for online, real time applications.
5.3 Computer R and D in India 
ISIJU at Calcutta 
The Indian Statistical Institute and Jadavpur University jointly undertook the design of a transistorised computer in the early 1960’s and completed it in 1966. This machine, called ISIJU, was in operation for several years and provided computational facilities for the two institutions. The effort triggered the formation of a strong Computer Science group in Jadavpur University and was a significant landmark in the development of both the participating institutions. TIFR continued its design activity with two more computers. 
OLDAP, an Online Data Processor
After TIFRAC and other machines became available, these were used for a variety of offline applications in India, but there were hardly any online applications. TIFR took up design and implementation of OLDAP, an Online Data Processor to answer the felt need for a minicomputer for on line control of nuclear physics experiments, in particular the analysis of bubble chamber photographs. A second objective was to examine and evaluate the feasibility of designing a fairly large and complex digital system mainly using Indian components then available. This was despite the fact that these were primarily meant for non-industrial applications. Such an effort, apart from its relevance from the point of view of national self sufficiency, was also intrinsically challenging. Thirdly, it was expected that such a professionally worthwhile design effort would yield valuable fall outs in terms of design capability and manpower build up. This design incorporated several novel and state of the art design features.  
First specifications of this machine were drawn up in mid-1965. System design was completed in a little over a year. After component identification and procurement, fabrication was started in mid 1967. OLDAP was ready in 1969 [6, 7, 8, 9] and was used by the experimental physics groups of TIFR since early 1970. (See fig ???) 
Insert figure 8 here

Caption: General view of OLDAP.

Two factors ruled out the fabrication of a very large scale machine: (a) use of unproven local components whose long term reliability could not be assured and (b) the difficulties that academic institutions faced (even in the USA) in building large machines. It was therefore decided to build only a minicomputer, but to implement a highly sophisticated system design. 
The basic logic module was designed to extract the maximum speed (10 nanoseconds per stage) out of the available entertainment grade components which were meant to operate at millisecond speeds [6]. A number of circuits and subsystems were also specially designed for the computer: e.g. read-write circuitry for the magnetic drum, very low voltage stabilised power supplies and analog to digital converters. Except for a few special types of transistors, junction diodes and zener diodes, all the semiconductor devices used were of Indian make. So were practically all the passive components and other hardware. The core memory and all the peripherals were originally meant to be part of the TIFRAC system. 

OLDAP had seven hardware arithmetic/logic/index registers with a word length of 12 bits. This allowed for running small subroutines using only these registers, without the need for memory accesses.  The main memory capacity was 8K words (expandable to 32K words) backed up by a 64 K word magnetic drum. It had an instruction repertoire of 81 basic variable (12 to 48 bit) length instructions (including built-in multiply, divide and logical operations) with a variety of addressing modes (such as direct, indirect, double indirect, double index modified and relative) and an 8-level priority interrupt facility.  Because of its on-line orientation, it had a variety of I/O units: analog to digital converter, incremental magnetic tape recorder and bubble chamber scanner digitiser in addition to paper tape reader, punch and console typewriter. 
Constructive interaction between component manufacturers and computer designers bore fruit in several areas, both by way of introduction of new components and improvement of existing ones. Specific examples are printed circuit edge connectors, special axial-lead point contact and junction diodes for high-speed switching applications and high-speed and high dissipation transistors, to mention a few. 

Another important fall out from the OLDAP effort has been the close cooperation between the computer groups of TIFR and BARC (then called the Atomic Energy Establishment, Trombay). This started with the joint design of the TDC 12 computer even after the BARC Computer group moved to Hyderabad as part of ECIL. The cooperation continued over the years, while ECIL designed and manufactured a series of medium range computers. For instance, the TDC16, 316 and 416 machines designed by ECIL were to be used in the Air Defence data handling system design effort led by TIFR. 
On the negative side, the design group did have to pay a price for their design objective of using Indian components for OLDAP. Every individual circuit had to be specially designed to permit use of the local entertainment grade components and to keep the transistors just out of saturation to extract the maximum speed out of them, with minimal power dissipation.  Late in the implementation phase, when the machine was ready to be handed over, it was seen that the basic circuit modules were occasionally misbehaving for no apparent reason at all. Eventually, this transient problem was identified as being due to a major drift in the parameters of the Indian diodes that were being used.  The design had to be quickly modified to make these units more robust, and the changes had to be retrofitted into each module.  
High Reliability Self-diagnosing Computer 

Starting in the 1970’s, the computer group of TIFR also undertook the development of a sophisticated electronic switch for voice and digital signals and a data acquisition system for weather radar. These required a high performance (PDP11 level) computer which is fast (250K instructions per second), highly reliable, easy to maintain and extremely rugged, with a meantime time between failures (MTBF) of 1000 hrs, and mean time to repair (MTTR) less than 30 min (i.e. up time of 99.95%). The group decided to design and build such a computer since machines that answer such requirements are not readily available commercially. Due to urgency, the task was completed in less than five months: design and implementation started in early August of 1977 and the machine was ready by December end.  
The machine was designed to be fully compatible with CDC’s PDP11/34 computer and ran all the soft ware written for that computer, including the diagnostics. The design incorporated features such as pipelining, variable clock period (to accommodate the execution times of individual microinstructions) and ‘variable bus signal de-skew’ [11]. 

Careful choices had to be made between several options at the level of functional design, architecture, technology and diagnostic methodology. Use of high reliability (Military A standard) components and triple modular redundancy were rejected because (a) both would have been very expensive, (b) the latter would have made the design very complex and (c) neither would have achieved low MTBF. The design used Military grade B components and provided for extensive automatic fault location. The 16 bit micro programmed bit slice architecture was implemented using four bit 100ns low-power Schottky TTL chips in preference to standard CPU chips and implementation with MSI/SSI units for speed, flexibility, modularity and ease of implementing self diagnostic capabilities.  
Fault location at card level was achieved through (a) A fast micro diagnostic routine (to completely check the data path, ALU and control) which was invoked and run whenever the system was idle, waiting for a process to be initiated. (b) Hardware diagnostics using an extremely reliable controller which checked itself each time prior to initiating diagnostics for the other units.  (c) Special hardware to check several internal subunits.

The computer underwent extensive operational and diagnostic capability tests. Environmental, mechanical and field testing was done at the Cyclone Warning Radar Station at Madras and elsewhere. It met all requirements for static as well as mobile applications for civil and military use. It was integrated into the weather warning and digital switching systems developed by the institute. 

Know-how for this machine was transferred to Bharat Dynamics Limited (BDL) since they had extensive experience in building rugged electronic systems for mobile platforms including missiles and to Indian Telephone Industries (ITI). Know how was also given to ECIL and Tata Electric Companies (TEC).
5.4 Computer Facilities – the CDC3600 system
When TIFR decided in 1962  to procure a powerful computer, the responsibility of selecting the new system to replace TIFRAC was assigned to an expert committee - consisting of this author, R. Narasimhan and Keshoolal Bhakhroo (TIFRAC designers) and Aneesur Rehman, (a theoretical physicist from the Atomic Energy Establishment and a prolific user of TIFRAC). All of them were then in the United States on various assignments. This committee 
With a typically futuristic outlook, the expert committee avoided the safe option of choosing a tried and tested machine which had proved itself in the market for some time; it examined the systems then available from leading manufacturers and had detailed discussions with the respective design teams. It chose the Control Data 3600-160A system designed by the well-known Seymore Cray. Control Data Corporation (CDC) was an upcoming company, started by a breakaway group from the UNIVAC group. The CDC 3600 system which was still essentially on the drawing boards (so was the CDC 6600 system). One of the first 3600 systems was delivered to TIFR In April 1964. 
Such was the meticulous preparation at TIFR that installation of the machine could be completed within days of its arrival; it was completely tested and accepted within a couple of weeks. The CDC 3600 system was a fully state-of-the-art machine and was extremely successful commercially. It was one of the fastest in the world and by far the fastest and most powerful machine in India. (IIT Kanpur acquired its IBM 7044 system in 1967.) 
Much interest was generated by the CDC 3600 system which TIFR operated as a National facility (see Figure 10). Availability of high-level languages such as FORTRAN was a major attraction. To spur this demand and to provide user support, the TIFR computer group ran FORTRAN classes free of cost in Bombay and at many other centers, based on need. It also set up user consultancy cells to help users (both within and outside TIFR) who needed guidance. 

Insert Figure 9 here

Caption: Dr. Bhabha, Dr. D.Y. Phadke and this author showing the CDC 3600 system to Mr. M.C. Chagla, Union Education Minister. Mr. S.P. Srivastava can also be seen.
TIFRAC Impact on CDC 3600 Operation and Use

The confidence and competence gained by the TIFRAC experience turned out to be very useful not only for selecting a good futuristic machine, but even for the CDC 3600 installation. Maintenance of the CDC 3600 system was a case in point. The TIFR team was confident that they could maintain this system by themselves, and that there was no need for maintenance contract with the manufacturer. The CDC team however did not share this view. As via media, it was then agreed that the TIFR team would do the maintenance and that the CDC team would essentially stand by, to step in only whenever the TIFR team were out of depth. 
The TIFR team did not need to call the CDC team for help even once during the entire first year. They could maintain the system entirely on their own. Also, early in this period, a memory plane in one of the high speed 3-D core memory units failed due to breakage of an internal wire. There was no way to repair the damage. More over, since the plane that failed was at about the half-way point in the memory address space, software could not use the higher addresses. The capacity of the machine was seriously compromised. The only solution that the local CDC team (and even the designers in USA) could suggest was to replace the defective matrix. This meant a procurement delay of several weeks and an expense of hundreds of thousands of dollars. 
The TIFR team came up with a very creative work-around: reroute the connections between the address decoder and the matrix drivers such that the defective magnetic plane logically becomes the last plane in the address space.  This was done fairly easily and worked. Most of the memory was now usable, except for the last 2 or 3%. Such out-of-the-box thinking would not have been possible except for the experience and confidence that the TIFR team gained from building and operating TIFRAC.    
6.        Impact of TIFRAC on the Computer Industry

6.1 IBM 
The multinationals (IBM and ICL) were the first to ‘manufacture’ computers in India. IBM used the path of reconditioning and local reassembly. Reconditioning consisted in: (a) importing used machines which were returned by the original users (who, under IBM policy, procured them on a monthly or yearly rental basis) because they were obsolete or obsolescent; (b) replacing worn out or defective parts and generally sprucing them up and (c) selling/renting them out in India.  

They also had a manufacturing (i.e. local assembly) program for their card punch.  Local assembly involved importing semi-knocked-down kits and sub-assemblies of the punch and putting them together locally. The IBM management categorically ruled out ancillary development and local outsourcing for this program because of their so-called international quality control constraints. This was in striking contrast to the practice adopted in the automobile industry where local outsourcing and subcontracting led to the development of a powerful automobile ancillary and component industry in India.

6.2  ICL and Bharat Electronics: 

ICL (through its arm, International Computers India Manufacturing (ICIM) adopted a comparable, if somewhat more progressive approach for their computer manufacture; they too imported components and kits for local assembly and sub-contracted this activity to Bharat Electronics Limited (BEL), a public sector enterprise under the defence ministry. The subcontract also seemed to include quality control, testing etc. This was a good opportunity for BEL to enter the computer area at an advantage. BEL however seemed to view this as an isolated, one-off turnkey subcontract. Consequently, the know-how that came or got generated during the activity stayed entirely within that group, and did not enhance the technological base of the company in any significant manner. 

During discussions with the senior management of Bharat Electronics, this author was asked to comment on BEL’s joint activity with ICL; his considered response was that it did not go far enough; that experts should have been associated at every stage of this activity, including the preliminary negotiations with their principal. At the very least, BEL should have recruited very bright engineers, given them excellent in-depth training in Computer Science and technology to start with and then associated that group with the ICL manufacturing activity (including contractual negotiations with ICL) so that they could have championed the short and long range commercial and technology interests of BEL. With initial formal training augmented by hands-on involvement in the manufacturing activity they could then have internally nucleated a strong and futuristic R&D cum manufacturing program of their own. For instance, TELCO entered the automotive area under collaboration with Mercedes Benz, but moved upwards to eventually establish their own world class automobile venture. There is no evidence of BEL having gained technologically in any significant way from their ICL association. 
6.3 BARC – ECIL: 
The TIFR computer group played a pivotal role in leveraging the developmental effort for the Trombay Digital Computer (TDC) series of machines of the Electronics Corporation of India Ltd (ECIL). There was much handholding between the OLDAP design group of TIFR and the Computer group in Bhabha Atomic Research Center (BARC) which had considerable experience in analog computers and was starting work on digital computers. Members from the BARC computer group were seconded to work with TIFR on a full time basis. ECIL-TIFR interaction continued over the years and the two groups worked closely together for the development of the Air Defence Data Handling System of India which led to the TDC 316 and TDC 416 computers. 

The BARC computer group eventually became part of ECIL when that company was formed. ECIL’s TDC-12 computer resulted from this effort. Design of TDC 12 of BARC started jointly with TIFR’s design of OLDAP and branched out at a later stage into a separate and parallel design due to the inherent dichotomy between the design objectives of OLDAP which was to be a purely research machine and TDC12 which was meant to be a production prototype. Several intrinsically innovative features which were implemented in OLDAP turned out to be inappropriate in a commercial design where each feature has to qualify against strict cost-performance criteria. 
The ECIL effort constituted the first genuine step towards creating a purely Indian base for establishing capability for the design, development and production of computers in the country. ECIL machines were sold country-wide. The manufacturing program however faced challenges in the early years. There were issues of cost and performance, due to comparatively low volumes and the consequent inability to derive the advantages of scale in component procurement and computer production. It was not feasible to establish expensive state of the art automatic assembly and testing techniques or stringent quality control mechanisms. This reflected on quality and reliability. There were also said to be issues relating to after sales and software and systems support. In a sense, these were inevitable growth pains and were eventually set right. It was also difficult for the Indian effort to keep up with the fast advances in microelectronics and information technologies which brought about very rapid and substantial cost and performance benefits elsewhere in the world.
6.4 Other Manufacturers of Microprocessor based machines:
Soon several local concerns offered microprocessor based computers in India. Some of these were initiated by technocrat entrepreneurs or organisations with adequate technical experience and competence. These were well designed and suitable for a fairly large variety of significant applications. The products were quite contemporaneous and could bear comparison with their counterparts in the international market at that time. 

Some offered single user machines which were precursors to the personal computers of today. Most of these were merely locally assembled out of imported kits. The unfortunate aspect of such manufacturing efforts was that they could not phase into any sustainable, self-reliant   manufacturing activity in the country.  Many of them did not go beyond the first phase of assembly out of imported kits.

6.5 Some Innate Problems in Manufacture: 

With the exception of ECIL which inherited the Bhabha traditions and was in close interaction with the TIFR group, very many of the Indian computer manufacturing programs suffered from a vital weakness. They did not take into account an important aspect of this technology, which it shares with the other high technology activities that were started under the Homi Bhabha umbrella. It requires highly skilled manpower which is difficult to recruit, train or retain.  It also requires sophisticated and expensive infrastructure by way of state of the art manufacturing equipment, test facilities and customer support. These will have to be backed up by a world class R and D effort to keep up with the fast pace of technology. Such a strategy alone will enable the production of machines which are not inferior to those available in the international market place. All this presupposes that the enterprise can sustain high volume production over a long period. The risk involved in undertaking such high technology efforts is therefore quite high.
Thanks to the initiative in TIFR and other active institutions, there has been a strong base and competence in circuit, logic and system design. Efforts at establishing a strong manufacturing capability were seriously handicapped due to another weakness - a total lack of a supporting professional component industry. This weakness was very pronounced even in the discrete component era; there were hardly any Indian components with good enough performance and quality for them to be usable in computers. Worse still, the gap kept widening with time, as progressively higher levels of integration were achieved. Computer manufacture based on imported components was not a really viable alternative because low volume operation meant that economies of scale were infeasible; an even more important constraint was the shortage of foreign exchange. This gave rise to tight exchange control regulations and unimaginative import duty structures which in fact encouraged import of readymade computers in preference to components.   

7.       Subsequent Activities

The design and operation of TIFRAC gave the group competence and confidence to design, develop, operate and maintain complex systems and to take up challenging tasks. It helped to build up a set of competent engineers thoroughly conversant with preventive maintenance aspects of complex electronic equipment made up of hundreds of interconnected sub assemblies.

7.1 NCSDCT

A UNDP mission visiting India in 1973, after studying the computer science and technology activities at various institutions in the country, strongly recommended the creation of a national computation center at TIFR. The Department of Electronics and the UNDP provided the funds for the formation of the National Center for Software Development and Computing Techniques (NCSDCT) at TIFR. This was later spawned off to become the National Center for Software Technology (NCST), under the department of Electronics, and was subsequently made part of the Center for Development of Advanced Computers (CDAC) under the Ministry of Information Technology.  
Here were several reasons for TIFR being selected for the UNDP initiative: (a) the design and successful operation of TIFRAC (b) the very effective manner in which the group ran the CDC 3600 system as a National Computer Center (c) competence demonstrated in development of software of different types. 
7.2 Other Projects of National Relevance:

The group was assigned the responsibility for the development of an Air Defence System for the Indian Air Force, a sophisticated electronic switch for voice and data and a data acquisition system for weather radar. It was chosen by the UNDP and the Department of Electronics as the nodal center for speech technology for their Knowledge Based Computer Systems project.
8.         Conclusion:

In India too, as in the advanced countries, the first steps towards designing and building computers were taken in academic institutions - those concerned with education and research. TIFR was the first to start their computer design and implementation in 1955 in India, thanks to the Dr Bhabha philosophy of self reliance. There was no technological infrastructure in India at that time. The valve sockets, connecting wires and even solder wire and the aluminum sheets used for back-panels had to be imported. The Indian Statistical Institute and Jadavpur University started their own joint design of a transistorised computer (the ISIJU) in the sixties.  Both these efforts were credit-worthy and successful.  Even today, they continue to be significant in a historical perspective. 
The TIFRAC accomplishment was not an end in itself; it yielded a multiplicity of fall outs which were significant, positive, multidimensional, wide-ranging and continuing; they carved a place for India in the Information Technology and Computer Science map of the world. In fact, the effort established a lasting culture of self confidence, self dependence and daring innovation which qualitatively influenced the progress of information technology development in India during the several decades that followed.  
The design effort for TIFRAC was ambitious, innovative, fully state of the art and successful. TIFRAC was not only on par with contemporary machines; it had several original features which made it stand out amongst its contemporaries. Though implementation was a difficult task in the restrictive Indian milieu and though numerous problems arose, the machine was ready in time and performed well both in terms of design objectives and reliable operation. Good software support was provided, including a very widely used three address interpretive routine that facilitated operations such as inversion of large matrices.
The machine was maintained by teams headed by some of its designers. It operated without any problems and had high uptime for the several years that it was in use. It was used extensively by research groups in TIFR and BARC, and many other government laboratories, educational institutions as well as public and private industry. Over fifty organisations were regular users.   
Soon after TIFRAC was ready, members of the design team were encouraged to go abroad for further experience; several were readily accepted for challenging assignments in leading American universities and research Institutions. Out of these, a good number returned subsequently, facilitating cross fertilisation of ideas and preventing in-breeding. Thus, a most notable fall out from TIFRAC has been the creation of a first generation (i.e. a self taught group) of competent, confident and young computer professionals. The group also attracted many bright students and Ph. D’s over the years, enriching itself further.   
The TIFRAC spirit characterised nearly all subsequent activities of the group and affected the course of development of computer technology in India. When the time came for augmenting the computer facilities, the group took the bold step of selecting a machine which was still on the drawing boards (in preference to importing a tried and tested but hence obsolescent machine). Rather than leave the maintenance of this complex system to the manufacturer, it took the responsibility on its own shoulders and excelled even here; in fact, when a problem arose which baffled even the manufacturer, the group came up with a workable and innovative work around. The group provided high quality consultancy and software support to the large user community. It organised countrywide courses and played an active, in fact vigorous role in spreading computer awareness and usage across the country.
On the computer design front, in the post-TIFRAC period, the group showed its maturity by avoiding problems of the type that beset leading institutions such as the University of Illinois (which encountered major problems in attempts to build very large and powerful machines under its roof, using fast developing technology that was difficult to tame in a University environment). The TIFR group found niche areas that were ideally appropriate, given India’s needs, strengths and weaknesses. It worked on the design a minicomputer for online applications, using Indian components. This effort too was completed without delays. OLDAP, the computer that was so designed, was used by the Experimental Physics Groups of TIFR and opened up a new avenue – use of computers for real time and online applications. In parallel, the OLDAP design group also nurtured the nascent computer design efforts of the Electronics Division of the BARC which led to the TDC series of computers. Subsequently the group designed a highly reliable, fast, rugged, self diagnosing computer which was fully   compatible with the popular PDP11/34 computer. This challenging task was completed within just five months. This was productionised at Bharat Dynamics Limited, a public sector undertaking under the Ministry of Defence and used for several applications. It is worth noting that all three computers designed in TIFR (TIFRAC, OLDAP and the Self Dignosing Computer were totally fabricated in-house.
When the Prime Minister, Indira Gandhi decided that the nation needed  an entirely Indian Air Defence Data handling system, the TIFR computer group took up the challenge and spearheaded an inter-institutional design and implementation team that built such a system -  without a single foreign collaboration, know-how purchase or external consultancy. This system, in addition to exacting technical requirements, also had to fulfill very tough mechanical and environmental specifications. TIFR transferred the know-how for this system to ECIL which successfully manufactured and delivered it in large numbers to the Indian Air Force, adding substantially to the country’s defence readiness. 

Similarly, the group implemented a state-of-the-art high speed automatic electronic switch with many futuristic features for the Indian army. This group was hived off to nucleate and form the hardware and software groups of CDOT at Bangalore and Delhi. The rural automatic exchanges that came out of this group are well known.
The technical competence and achievements of the TIFR computer Group led to its being chosen by the United Nations Development Program for two prestigious assignments: establishment of the National Center for Software Development and Computing Techniques (NCSDCT) and the Nodal canter for Speech-based Man Machine Interaction for the National Project on Knowledge Based (Fifth Generation) Computer  Systems. NCSDCT which later became the NCST and was hived off to the Department of Electronics of the Government of India. It is now a unit of the Center for Development of Advanced Computers of the Department of Information Technology under the Ministry of Communications and Information Technology of the Government of India.
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