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A breakthrough invention by Italian Research Scientist, Dario Crosetto, recognized valuable by top scientists and world experts from Fermilab (U.S.), CERN, universities and industries after its major, formal, public scientific review held at FERMIlab, makes possible the discovery of new subatomic particles, and when applied to Medical Imaging (combined with other inventions that the author developed after the year 2000) can save millions of lives and reduce healthcare costs through an effective early cancer detection. (See Table of Contents at the end of this document). I.



INTRODUCTION & SUMMARY



There has been no similar case in history where the Director of one of the most prestigious world research laboratories requested and gathered top scientists and experts from all over the world to determine whether an invention could be a turning point in the discovery of new particles. Usually, new ideas and projects are presented at conferences and published in peer-review scientific journals and Crosetto did this; however, after receiving many letters of support from top scientists and leaders in the field who realized the exceptional value and potential of Crosetto’s invention, the Director of the Super Conducting Super Collider (SSC) decided to call an international summit to evaluate Crosetto’s invention. The challenge in High Energy Physics experiments is to identify good events at the lowest cost per each good event captured from data relative to over a billion collisions per second arriving from the detector at a rate higher than 80 million events per second. As an analogy, it would be like watching a movie from a projector sped up to 80 million frames per second instead of the usual 24 frames, and trying to identify and extract all frames containing, for example, a rare bee occurring in average every 10 billion frames, without being able to slow the movie down or store the data for later examination. The data cannot be stored because in one day it would fill all the hard drives on the planet. In Medical Imaging application the challenge is to extract all valuable information from radiation (emitting hundred millions signals per second) related to tumor markers (or other biological processes) in order to reduce the radiation dosage to the patient and identify the smallest irregular biological process at the lowest cost per valid signal captured from these tumor markers. This would provide an effective early cancer detection (or detection of anomalies in other biological processes) at a very low radiation dosage and at an affordable examination cost. The challenge is to design a “decision box” called Trigger that can analyze each frame in real-time and can find the rare object or new particle in physics (or anomalous biological process in medicine). Crosetto’s inventions break the speed barrier in real-time applications and could not have been envisioned with current technology before his inventions. They provide a very powerful tool to discover new subatomic particles while lowering the cost of High Energy Physics experiments, and can provide an effective, low radiation, low cost, early cancer detection. 1



Crosetto’s basic invention is the 3D-Flow architecture capable of executing experimenters’ desired programmable complex Object Pattern Recognition Level-1 Trigger (OPRT) algorithms, while sustaining an input data rate of over 80 million events per second from over a billion collisions per second, with zero dead-time, and a lower cost (compared to current approaches) per each event captured. For Medical Imaging applications, his basic 3D-Flow invention is combined with other inventions he conceived after the year 2000. They allow all valuable information to be extracted from the tumor markers (linked to radiation) at the lowest possible cost. Crosetto has explained his basic invention in one page, and used a practical analogy to explain his inventive concept to high school students which was video recorded. He most recently gave an overview of its technological advantages and the benefits it can bring humanity in a presentation at the ISECM2015 Conference “Energy Challenges and Mechanics – toward the big picture” on July 7-9, where he was invited as Session keynote speaker. Here you can find Crosetto’s presentation: link to the video https://www.youtube.com/watch?v=Q9bUg3ZsiUk&feature=youtube_gdata; link to the slides https://drive.google.com/file/d/0BxWfo2ViJ6r5UXpqVHc2NWFnWm8/view?usp=sharing; link to the abstract http://nscj.co.uk/ecm3/sessions/306_DarioCrosetto.pdf; link to the bio sketch; http://nscj.co.uk/ecm3/sessions/DarioCrosetto.pdf Besides contributing to the creation of new powerful tools for the discovery of new particles, Crosetto’s goal is to reduce cancer deaths and cost. One way to increase accountability and achieve this goal would be to demand that funding agencies which use taxpayer and donation money to fight cancer, whether through a new drug, vaccine, medical imaging device, or healthy lifestyle promotion, etc., estimate the reduction of cancer deaths and cost they expect to attain with their project (or combined with other existing techniques) and present a plan to test it on a sample population. For example, test the plan on 10,000 people ages 55-74 taken from a location where the mortality rate has been constant for the past 20 years. A difference or no difference in mortality rate will quantify the success or failure of the proposed solution.



II.



Crosetto’s breakthrough inventions in High Energy Physics and early cancer detection with a single examination of the entire body



Crosetto presented his first basic breakthrough invention breaking the speed barrier in real-time application applied to High Energy Physics experiments in 1992 to the scientific community at three international conferences all in one month: 1. Crosetto, D.: "3D-Flow Processor for a Programmable Level-1 Trigger," Computing in High Energy Physics, CHEP92, 21-25 September, 1992, Annecy, France, 803-806. [1].
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2. Crosetto, D.: "3D-Flow Processor for a Programmable Level-1 Trigger," SSCL-Preprint-164, Nuclear Science Symposium (NSS), Medical Imaging Conference (MIC), Orlando, Florida, October 25-31. 1992. [2]. 3. Crosetto, D.: "Calorimeter Programmable Level-1 Trigger," III International Conference on Calorimetry in High Energy Physics, Corpus Christi, Sept. 29-Oct. 2, 1992. Editors James Siegrist and Phyllis Hale, Publisher: World Scientific, pp. 553-566. [3] The same year he also published two articles on this work in one of the most prestigious peer-reviewed scientific journals: 1. Crosetto, D.: A fast cluster finding system for future HEP experiments. Nuclear Instruments and Methods in Physics Research A311 (1992) pp. 49-56. [4]. 2. Crosetto, D.: "A modular parallel processing system for trigger decision and DAQ in HEP experiments," Nuclear Instruments and Methods in Physics Research, A315, (1992), 487-490. [5]. Starting from the year 2000, Crosetto developed new applications in the field of Medical Imaging providing a 3D-CBS technology (3-D Complete Body Screening) that makes use of the 3D-Flow system. The 3D-CBS technology hundreds of times more efficient than current PET (Positron Emission Tomography) devices (currently over 6000) for the first time makes possible an effective early cancer detection at an affordable examination cost. Crosetto presented his 3D-CBS invention targeted to early cancer detection which makes use of the 3D-Flow system at the 2000 IEEE-NSS-MIC conference in Lyon, France, in two articles and one book that he distributed in 200 copies free of charge to the leaders and experts in the field at the conference. 1. Crosetto, D.: “A modular VME or IBM PC based data acquisition system for multi-modality PET/CT scanners of different sizes and detector types.” Presented at the IEEE Nuclear Science Symposium and Medical Imaging Conference, Lyon, France, 2000, IEEE2000-563, [6]. 2. Crosetto, D.: “Real-time, programmable, digital signal-processing electronics for extracting the information from a detector module for multi-modality PET/SPECT/CT scanners.” Presented at the IEEE Nuclear Science Symposium and Medical Imaging Conference, Lyon, France, 2000, IEEE-2000-567, [7]. 3. Crosetto, D.: “400+ times improved PET efficiency for lower-dose radiation, low-cost cancer screening.” Book: ISBN 0-9702897-0-7. 2000. Available at Amazon.com, [8].



III.



Crosetto’s invention aroused considerable interest among the scientific community, receiving letters of recognition even from scientists working in competing experiments and triggering a summit requested by the Director of SSC and FERMILab 3



Crosetto’s invention “aroused considerable interest among high energy physics experiments” (as stated in the November 19, 1993 document in Appendix A and in several letters of appreciation of his work by top scientists and leaders in the field reported in the testimonials herein after he presented his work in 1992 to the scientific community at three international conferences all in one month and published two articles in peer-review scientific journals in the same year. The SSC management who wanted to keep Crosetto in the U.S. for the scientific merits of his research, after the SSC was shut down in October 1993 by an Act of the U.S. Congress, appointed an attorney who filed his application for a Green Card. The Green Card was granted in 24 hours after submission for “exceptional ability”. The SSC Director’s request for an international review of Crosetto’s invention reported in the email dated November 19, 1993 available in Appendix A specifies that “A physicist from the European HEP [High Energy Physics] community should be considered” among the members of the review panel. In fact one reviewer represented CERN, who together with other reviewers fulfilled the following requirements: “The review panel should consist of at minimum the following:  a technical expert on digital IC design, preferably microprocessor design,  an additional digital electronics engineer,  two physicists expert on triggers. It may consist of other experts, for instance a technical expert who is also knowledgeable about commercialization of the processor for the high energy physics market. A physicist from the European HEP community should be considered. The committee may be expanded as convenient; however, I suggest that the review committee be kept sufficiently compact so as to facilitate a review date in the near future. […] I suggest a one-day review, including time to draft the written summary. I do not believe that the review can be performed in sufficient depth in less time. In order to facilitate the in-depth nature of the review, detailed technical material on the project should be circulated to the reviewers well in advance of the review date. I believe that Crosetto already has prepared suitable materials. Sufficient time should be allotted for detailed technical questions from the review committee. […] Since this review may be of interest to a number of members of our community, you may choose to publicize it to at least the leaders of trigger groups of current and future experiments. Such interested parties could submit their comments to you, as head of the review, and to Dr. Antony Montgomery, Director of the Office of Research and Technology Applications, SSCL. The same document also reports specific “charges” to the reviewers of Crosetto’s invention. The following are representative excerpts from some of the letters of appreciation received by Crosetto from scientists, many of whom were working on competing experiments. For example, although at the time Crosetto was a member of GEM experiment at the SSC, scientists from the competing SDC experiment at SCC did not refrain from recognizing the merits of his innovations. Similarly, scientists from CERN who were (at that time) in competition with SSC, nevertheless had no problem recognizing the merits of Crosetto’s innovations. The same was true of scientists from other experiments at FERMILAB, LBL and BNL. 



On 2/4/94, four days after the positive result from the formal report by the FERMILab review panel, John People, Director of the Superconducting Super Collider (SSC), (former Director of Fermi National Laboratory) wrote to Crosetto upon delivering a patent award check for his invention: 4















“It gives me great pleasure to act as an agent for both University Research Association Inc. and US Department of Energy in transmitting the enclosed Patent Award check for your excellent work ….your invention will serve to enhance the ability of the high energy physics community to complete and/or improve its research infrastructure within the government as well as with university and private sector research institutions. Moreover, your invention, if commercialized with private industry, will serve to create jobs in the US economy and abroad. I salute you and encourage you to continue your innovative activity to the benefit of mankind.” On 1/11/93, Sergio Cittolin, Group Leader, Readout Architectures Group at CERN wrote a letter of support for Crosetto’s innovative ideas on data architecture for particle identification and processing (which solves the same problems present in a PET detector) that Crosetto was developing at the SSC laboratory: “This is a letter to recommend the continuation of the technical study and hardware implementation of the 3-F processor cell designed by Dario Crosetto at the SSC laboratory. …The unit could have several applications in the next generation of high energy physics experiments in the domain of trigger processor and readout data movers.” On 2/11/93, Livio Mapelli, Group Leader of Data Acquisition and Processing at CERN, with experience at the Lawrence Berkley Laboratory -LBL- (also among the review committee who evaluated the technology during its public review at FERMILAB on 12/14/93 which was requested by the Director of the SSC) wrote: “I have read with interest the notes SSCL-576 and 607 on your project of development of a 3D-Flow processor system suitable for Level-1 triggering. I find the project very interesting for a number of reasons. 1. It is well known from the studies made in recent years about the experimentation at future machines, that triggering, expecially level1, will be the most challenging aspects of the experiments. Todays approaches and technologies are not suitable and the need of an extensive R&D in this area is widely recognized by the HEP community… 2. The approach presented in notes 576 and 607 has some advantages with respect to traditional schemes… - higher flexibility, coming from the programmability of algorithms and not only of parameters, the possibility to include filtering functions, etc…. - easier upgradability - easier scalability, both in size and speed 3. The scalable nature of the system might make it suitable not only for major and demanding experiments, such as SSC and LHC, but also for prompt triggers of smaller setups…. 4. The way data are transferred into and within the processor array diminishes considerably the interconnectivity problem, which is one of the major difficulties of traditional hard-wired level 1 trigger processors. To conclude, I regard such a project as a valid R&D addressing one of the major difficulties for SSC and LHC experimentation. The technology used is modern and promising and the architecture seems adequate for the solution of the problem. The scalability of the system gives as spin-off the possible utilization of the scheme in other, less demanding areas.” On 03/29/93, Giorgio Bellettini, Professor Emeritus of Physics, University of Pisa, Italy, Co-spokesperson of the CDF Collaboration at Fermilab from 1995 to 1997 wrote: 5











“I noticed your design of a new architecture for the First Level Trigger for an experiment at the SSC which is of great interest… …your competence and interest in a field where also researchers in Pisa are experts and deeply interested make attractive and realistic the prospective of a collaboration…” On 7/8/93, Maris Abolins, Professor at Michigan State University, one of the scientists responsible for the trigger of the experiment “DØ” at FERMILAB, wrote a letter of great appreciation of Crosetto’s innovations for particle identification, detailing its technical advantages and merits compared to the other “hard-wired” schemes. He stated: “I have been very impressed with your ideas involving the 3D-Flow chip for solving the Level-1 triggering problems for the new generation of detectors being designed for the SSC and other laboratories. Its flexibility, programmability and potentially low cost and ease of assembly give it great advantages over “hard-wired” schemes. It can readily perform all the functions of the current DØ Level-1 trigger and had this hardware been available in 1985 when we started DØ design, I am certain that we would have adopted it. I hope that the laboratory has foresight to fund your proposal to develop the chip and I will do what I can to help to test it in the DØ environment. The trigger system in DØ is currently being upgraded in response to some deficiencies in our abilities to trigger on electrons. We anticipate that such upgrades will continue in the future to deal with higher luminosity etc. I am sure that if your efforts are successful, the 3D-Flow scheme will be among the candidates considered in future upgrade discussions and should your design offer sufficient advantages in terms of triggering capabilities and cost over the extant system, then it could very well become the choice for installation in DØ” On 10/23/93, Silvio Turrini, Engineer, inventor, designer of advanced, high performance integrated circuits at “DIGITAL” (the company that produced VAX computers), wrote a letter of support and appreciation of Crosetto’s work after having read his article SSCL-PP-445. He wrote: “I have recently read the description of the project reported in the note SSCL-PP445 where the new 3D-Flow Assembly has been proposed as a new, modern solution to the level-1 trigger problem. From the system point of view the 3D-Flow scheme seems to be a real good solution to the multiples of easy assembly, flexibility due to the possibility of reprogramming new algorithms and reliability because less components are involved. The design clearly shows a modern VLSI approach that, unfortunately, seems to be missing in other solutions where more traditional schemes have been chosen. Integration not only has the advantage of overall smaller size, but it is today the only answer to complexity, reprogrammability, reliability and cost of high-performance systems. …[the 3D-Flow system] has a clear advantage if compared with other proposed designs, where “hardwired” algorithms make the system too rigid to be useful in a wide range of applications and experiments... …As a VLSI and high-performance microprocessor designer, it seems to me that the performance required by this new component can be easily achieved by the current CMOS processes with non-critical semicustom approach. A standard cell/gate array design… Even if the overall performance of the system are quite impressive, the complexity of the microprocessor is low and a semicustom approach seems to have all the advantages of low cost, fast design time and reliability… 6











  



A high level description of all the basic operations has already been done in VHDL, which is one of the most common used description languages by virtually all semiconductor vendors today and clearly shows that large part of the design has already been described and tested. On 11/03/93, Hank Crawford, from Lawrence Berkeley Laboratory (LBL), Group Leader for STAR and AGS experiments, wrote a letter to Anthony Montgomery, head of Technology Transfer at the SSC. His letter stated: “This note concerns the fast processor architecture being developed by Dario Crosetto. I am working on two projects in which this architecture may find application, the STAR project at RICH and a rare particle search at the AGS. The key to success in both of these is developing the ability to do track and topology reconstruction t the trigger level. I invited D. Crosetto to speak at one of our trigger workshops last summer and our group was quite impressed with the speed of his system and with the way in which parallelism was achieved. Specifically… The processor array D. Crosetto described may well have application in this context… The pipelining aspect of the architecture is interesting… I would encourage you to continue this project because of its unique and promising approach.” On 11/4/93, Michael Shaeviz, from Columbia University, Nevis Laboratory (responsible, with Barish, for the GEM experiment at SSC) writes a letter to the SSC management in support of the development of Crosetto’s innovations. During Shaevitz visits at the SSC in 1993, Crosetto worked with Shaevitz writing the description of Crosetto’s project that was included in the trigger section of the official document “Technical Design Report”, for the GEM experiment (SSCL-SR-1219). In this document, the GEM collaboration (about one thousand scientists) approved the inclusion from page 7-10 to 7-14 in reference, of Crosetto’s innovative project for the first level trigger. In his letter Shaeviz wrote: “I am writing this letter in support of Dario Crosetto’s development work on digital trigger processor. He has made rather impressive progress in designing a fully programmable trigger system that should be applicable to the trigger problems encountered in high luminosity colliders. In fact, the standard techniques used today for low-level triggering may need to be augmented or replaced by processors such as Dario’s 3D-Flow device. His design uses a novel approach in which a processor array is used to provide the nearest-neighbor communication for various algorithms. …Dario’s research has gone quite far … This system, besides allowing the evaluation of the technique, could also be a useful trigger processor for one of the current high-energy physics experiments… It is also possible that these techniques have application to other fields or processes …Dario’s progress on this project has been very good and should be continued through the completing of this first prototype system… I recommend that this project be funded…” On 11/4/93, Mike Harris, GEM experiment Chief Engineer at SSC, wrote a letter “in strong support” of Crosetto’s project for the “immense possibilities for extensive use in trigger applications in HEP and in nuclear physics.” On 11/4/93, Mike LeVine, senior physicist at Brookhaven National Laboratory (BNL), group leader for STAR experiment, wrote a letter to the SSC Physics Research Department supporting Crosetto’s project for consideration to be continued and funded. On 11/5/93, Andrew Lankford, Professor at the University of California, responsible for the electronics of the half-billion dollar SDC experiment at SSC, wrote a letter of support regarding Crosetto’s innovations to Anthony Montgomery, head of Technology Transfer at the SSC, Fred Gilman, Director of Research at the SSC and James Siegrist, Director of 7















the competing GEM experiment at the SSC, reporting how the technical feasibility of Crosetto’s 3D-Flow project was established through discussions with experts. He wrote: “I strongly recommend that work of Dario Crosetto on the “3D-Flow” processor project be supported… Crosetto’s R&D project has aroused considerable interest in the high energy physics community as a technique to perform fast, programmable triggers. He has done a tremendous job over the last couple years to develop this concept to the point of convincing the community of its feasibility. In particular in recent months, Crosetto has established the technical feasibility of his processor chip, through discussions with experts commercial processor IC engineers, and established the technical feasibility of his system architecture… The “3D-Flow” concept has potential for pplication in nearly any future high energy physics experiment. It is now important that this project be supported at least to the stage of a prototype of the processor chip, and preferably to a prototype of a small system in order to demonstrate the architecture as well as the processor.” And concludes “Thank you for your consideration of support for this interesting and very important project.” On 11/21/93, Kenneth McFarlane, group leader of the GEM experiment at the SSC, wrote: “This is a letter of recommendation for Dario Crosetto, with whom I have been associated for two years, at the SSCL; I have recently had a partial supervisory relationship with him… Dario is extremely creative and his skill span a wide range… The solution designed by Dario was to create a 3-D configuration of pipe-lined processors where each pipeline was matched to a detector and was connected to neighboring processors corresponding to neighboring detectors… Dario designed the processor chip logic, the algorithms, the mechanical layout, the PC boards, the cables and connectors… Dario also took care of all the administrative details relevant to his work... There is high interest in his approach as a result of his very detailed work. I would recommend Dario as a creative and dedicated electronics engineer who can handle all stages of a highly technical project. On 11/22/93, Barry Barish, Professor at California Institute of Technology (CALTECH), responsible with Mike Shaevitz for one of the two largest experiments at SSC (GEM) costing over $500 million, writes a letter of appreciation for Crosetto’s innovative projects. He wrote: “This letter is to support the continued R&D by Dario Crosetto on the development of compact and flexible trigger processor…” Following the FERMILab review, Crosetto received many more letters of appreciation and interest listed in Section IV, among which are those dated 2/23/95, 4/7/95 and 1/23/96 from Peter Antich, Professor and Director of Advanced Radiological Science, Chair, Graduate Program in Radiological Science, and Wechun Pak, Professor of Bone Biophysics at Southwestern Medical Center at Dallas, Texas. In those letters, besides their appreciation of Crosetto’s project, they show interest in carrying on a collaboration with NIH funding. Such letters were included in the submission of proposals for grant applications to NIH. They also included those dated 11/16/93 from Sergio Conetti, a professor at the University of Virginia, and responsible for the trigger experiments at FERMILAB and CERN (LHCb); one dated 10/10/94, from Professor Gianni Conte, from the Engineering Department of the University of Parma where Crosetto gave a seminar; a letter dated 9/30/94 from Enrico Tanzi of CNR in Milan; a letter from Habib Zaidi, Director of the PET group at the Hospital of the University of Geneva. In addition, there are letters from members of the review committee in Dallas (7/1/03) who examined 8



Crosetto’s innovative technology which can be implemented in the 3D-CBS project and generated a report where they unanimously validated its feasibility, and recommend funding (see the report at www.3d-computing.com/pb/Review_rep.pdf).



IV.



The International, PUBLIC, scientific review of Crosetto’s invention held at FERMILab and the official final report



On December 14, 1993, eight reviewers and Dario Crosetto gathered at FERMIlab from different parts of the world to review Crosetto’s invention. Crosetto presented his invention in FERMIlab’s auditorium before hundreds of scientists followed by a Q & A session. All questions posed to Crosetto were answered satisfactorily. The in-depth review continued for the entire day in several sessions with the review panel and a smaller group of FERMIlab scientists. Agenda of the Scientific Review on Crosetto’s: Digital Programmable Level-1 Trigger with 3D-Flow Assembly Held: 14 December, 1993 at Fermi National Accelerator Laboratory Time 1) Committee



Place



9:30 – 10:00



7th floor NE



(closed session)



2) Crosetto’s Presentation



10:00 – 11:30



1 West



(open session)



3) Discussion



11:30 - 12:30



1 West



(open session)



4) Lunch



12:30 – 01:15



Small Dining Room



5) Crosetto Q/A



01:30 – 02:30



7th floor NE



6) Committee



02:30 – 05:00



9



th



7 floor



(open session) (closed session).
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The conclusions of the review panel were published in a report signed by the Chairman on January 31, 1994. It states that it is a valuable and feasible invention with the following words: 1. an invention (stated using the word “unique,” see first line of the Summary on page 2 of Appendix A, and in Appendix B, 1995, the letter from Joel Butler, one of the organizers of the review who states: “the 3D-Flow project is the only detailed study demonstrating the feasibility of executing several level-1 trigger algorithms of different experiments.”) 2. valuable and feasible (stated in several sections of the report, some of which are highlighted in yellow). E.g. on page 2 “We believe the concept will work… We see no technical reasons why the proposed ASIC processor could not be built… We do not believe that there are any major flaws… We see little risk in this approach to the processor chip design itself. The documentation should be relatively easy since most of what is required currently exists.” On page 3 “As stated above, we see no technical reason why the proposed ASIC will be a problem to develop… The committee was impressed with the work already completed by an essentially one person operation [Crosetto].” On page 6: “…this architecture has to do with the added flexibility provided by the programmability of the system… given these features experimenters would probably think of clever uses not now possible… The committee believes there are no major flaws in the conceptual design” On page 8: “The general feeling seemed to be that it could be cost competitive” In recognition of finding Crosetto’s invention valuable and feasible, the FERMIlab review panel assigned $150,000 to Crosetto (all the money available during the SSC closeout), with the expectation that another “customer” in HEP or other discipline would further fund its the development and extended his contract for six months “To complete the current development and leave the project in a state where it could be continued…” This six month period was extended to nine months, so Crosetto continued to work at the SSC until October 1994 while the majority of the 3,500 SSC employees were terminated in 1993. No statements in the report expressed any concern, only pointing out that some procedures still needed to be developed. Crosetto developed all of them in the following years; he used much of his own money or used donations from friends to buy components to prove its feasibility and functionality in hardware. Section V contains a list of some of these procedures (a full list can be found in the original final report in Appendix A) and proof that Crosetto did all this work satisfactorily (even in some cases going beyond what was specified in the report) in the years following the FERMIlab review.
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In summary: All requirements from the Fermilab review panel have been delivered and their anticipated technological advantages and benefits to advance science confirmed. Crosetto addressed and solved satisfactorily all items pointed out by the review panel as needing further work and surpassed those requirements in developing new innovative concepts that further facilitate experimenters in discovering new particles, reducing the cost of the experiments and by developing new inventions that enable the implementation of an effective early cancer detection using a safe, low-cost screening procedure with the 3D-CBS technology. He defined the specifications of the 3D-Flow processor, created a detailed executable model in VHDL, anticipated system issues that permitted a working hardware version to be built, implemented the diagnostic (JTAG), observability, programmability, DAQ interface. He designed the data path to the DAQ verifying that the number of ports and bandwidth can satisfy the expected data rate based on the occupancy of the detector. He defined in detail clocking, setup/hold times, skew, temperature, cooling, etc. that permitted functional hardware to be built later. He designed the necessary nonconventional mechanics and tools that permit easy assembly and disassembly of the system. He addressed the hardware necessary for the global triggering and data readout. He solved the problem of a large number of possible ground bounce issues due to the large number of outputs switching at the same time with an effective ground distribution, several on-board voltage regulators and by using LVDS current drivers that avoid voltage swings. He completed in the following year (in part at his own expense) 80% of the effort in generating test vectors and creating the detailed schematics. He created the assembler to allow users to program trigger algorithms in mnemonic instructions. He implemented the simulator in C++ that is replicating many times the VHDL model of the 3DFlow processor for hundreds of thousands of processors working in parallel in a trigger system simulating all the chain from the data arriving in parallel from thousands of detector channels to the filtered output data in a single line to the global trigger processor. He implemented the fault tolerant software that could detect and provide the ID of the faulty component or connection in the system for easy maintenance and repair. He implemented run-time software that constantly monitors and maintains the system, detecting anomalies, running test patterns that assure performance and checks for system integrity. He implemented tools to create a system environment of any size, for any type of detector, simulating the trigger algorithms of different experiments (CMS, ATLAS, Alice and LHCb, and any other level-1 and part of level-2 trigger algorithm) that experimenters could test before construction of the hardware. Crosetto published as requested by the review committee results of his study in NIM 12



peer-reviewed scientific journal (NIM references) and presented them to several IEEE Nuclear Science Symposium and Medical Imaging conferences (provide references). Furthermore, he provided the results of his study to CERN scientists in communications via email and seminars that ECP group leader organized. Going beyond what was requested by the FERMIlab review panel, Crosetto, in part at his own expense, compiled four units of the 3D-Flow processors in a single component from three different FPGA (Field Programmable Gate Array) technologies (ORCA, from Lucent, Xilinx and Altera) and to a standard cell CMOS technology using Synopsys tools and also as a consultant (they are recognized having among the best software tools and being among the best ASIC Design companies). He was able to do this because his innovative 3D-Flow system architecture is technologyindependent so it can migrate to any future technologies giving it the advantage of lowering the price and increasing the performance as technology improves. All these studies permitted the implementation of the hardware without a problem. First, Crosetto built a demonstrator of the proof of concept using two Altera prototypes boards and showed its functionality on the oscilloscope at the IEEE-NSS-MIC conference in 2001 in San Diego (CA). He then built an industrialized, modular board to build a system that can satisfy the requirements of detectors of any dimension and event rate of any radiation dose (or luminosity in HEP). The modular board that he designed and built has several testability features like 64 LED to monitor signals and 128 test points for monitoring fast signals on the oscilloscope. This forethought in advance testability of the board during the design phase made it easier to test and have the board and the system working at once. The statement in the letter of the Head of the Computing Division of FERMIlab reported in Appendix B: “…promising approach to solve many problem, ranging from high speed triggering applications in High Energy Physics to image processing applications of significance in the commercial sectors” after Crosetto built his system in hardware, demonstrating that the trigger systems of different experiments costing hundreds of millions of dollars to develop and implement, can ALL be replaced by a box with several modular boards of his programmable 3D-Flow parallel processing system. Not only can each experiment implement its programmable algorithm, but they can change it after some data taking in order to better filter the background noise and be more selective in finding the Higgs Boson and other subatomic particles. However, the greatest benefit of Crosetto’s invention is that the same “box” with those modular boards can extract information from the radiation administered during a screening process on cancer patients, achieving major benefits in a) lowering the radiation dose to the patient, b) detecting cancer at an early stage and c) lowering the examination cost.



Starting from the year 2000, Crosetto developed new applications in the field of Medical Imaging providing a 3D-CBS technology (3-D Complete Body Screening) that makes use of the 3D-Flow system. The 3D-CBS technology hundreds of times more efficient than current PET (Positron Emission Tomography) devices (currently over 6000) for the first time makes possible an effective early cancer detection at an affordable examination cost. 13



Page 1 - Final official report by the review committee of Crosetto’s invention



14



Page 2 - Final official report by the review committee of Crosetto’s invention



- January 31, 1994



Summary The committee finds this project an interesting and a unique concept for constructing programmable level-1 trigger systems. We believe the concept will work for calorimetry and may work for level 1 tracking. We see no technical reason why the proposed ASIC processor could not be built in approximately one year. We do not believe that there are any major flaws in the proposed system, however, we believe that more work need to be done in several areas. The committee is, however, concerned with funding a hardware development unless it can be used in an experiment. Since there is currently no candidate "customer", we believe that the current development should be brought to a conclusion and carefully documented for potential future use. Further development should be contingent upon a "customer" from either High Energy Physics or another discipline. To complete the current development and leave the project in a state where it could be continued, the committee recommends that the 3-D Trigger receive funding of $150,000 for at least six months. This money should fund Mr. Crosetto, a consultant expert in the design of ASICs and cover costs of consulting with foundry engineers. The deliverables from this funding should be: 1. A detailed executable model in VHDL for the proposed ASIC. This model should be available to anyone desiring to test it as a component their system. The model should reflect the specification in item 3 as closely as possible. This VHDL code should be written for easy portability among various VHDL simulators. Documentation should be sufficient for use by others familiar with the art. 2. A review by Mr. Crosetto, based on this committees comments, of the chip specifications should be undertaken to consider such items as register file size, program memory size, applicability for use in pipelined configurations, I/O suitability for passing data to other trigger elements such as global decision hardware, etc. This review should be an iterative process with the consultant since tradeoffs will need to be made between the hardware and the chips capability. 3. Mr. Crosetto, along with the consultant, should develop a specification for the ASIC based on a 0.5 p. - 0.6 p. standard cell device with 100 MHz operation at 3.3 volts. This specification along with the VHDL description should be in enough detail that the ASIC could be taken to silicon if an experiment desired to build the device. It is important that this ASIC specification try and anticipate system issues as much as possible. Diagnostics (JTAG), observability, programmability, DAQ interfacing, etc. should be carefully considered and hooks for them specified in the design. 4. The overall system concepts should be well documented at the current state of development. This will serve as a conceptual design if/when the 3-D trigger is built. If hardware is constructed at a later time, clocking, cooling, etc. can be defined in detail. We see little risk in this approach to the processor chip design itself. The documentation should be relatively easy since most of what is required currently exists. 15
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5. Paper(s) detailing the conceptual system design and the processor design should be submitted to publications such as NIM or appropriate IEEE journals. Funding should be provided for oral presentations of accepted papers at two professional society sponsored conferences. As stated above, we see no technical reason why the proposed ASIC will be a problem to develop. The design is straight forward and is in the mainstream of today's technology. If the chip were developed the cost should be about $300,000. This cost includes a foundry NRE of about $150,000 and another $150,000 for engineering work by an outside consultant and/or the foundry. The committee feels strongly that the extra engineering help is necessary and prudent to insure the success of the chip. Too many pitfalls abound in the design of any like device even though ASIC vendors advertise to the contrary. The committee was impressed with the work already completed by an essentially one person operation. It is clear that if or when this project is committed to hardware a larger group needs to be assembled with expertise in project management, mechanics and cooling, electronics, software, etc. More work needs to be done on algorithms for other triggering such as tracking. The current design does not address the hardware necessary for global triggering and data readout issues. We see nothing fundamentally wrong, just not detailed in these areas.
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Committee Comments The following are a compilation of detailed committee comments and concerns during meeting. These comments can be used as background material and basis for guiding future work. All comments are not necessarily self-consistent as some differing views were expressed. ASIC Specification Some of this section’s comments assume issues of executing various trigger algorithms are answered satisfactorily. The committee reviewed the proposed sea-of-gates ASIC and was concerned that the technology proposed would not perform at the desired speed. There was also some concern on register file size and program memory size. It was felt that a standard cell approach would result in a better design at less risk in achieving the desired function. The standard cell approach would also result in more useful equivalent gates for use as larger register stacks and program memory. The VHDL Model for specifying the chip is an excellent approach. This technique, however, has difficulty in describing device timing variations. Another document will be needed for a complete specification that can be used to design real silicon. The VHDL model can be used by others simulating systems using the 3-D processor. The committee discussed other chip issues. Some concern was expressed on the register size but the standard cell approach will allow easy expansion here. One concern was the saving of previous results for later calculations. The chip architecture for passing of data to non-adjacent processors in level 1 tracking needs investigating. The design need to be carefully looked at for observability. This design technique helps in diagnostics by making all registers available for interrogation. Additional diagnostic features such as IEEE 1149 (JTAG) are included in the current chip and should be carried over into the standard cell design. Since a large number of outputs can switch at the same time, ground bounce issues need investigation and the design adjusted to minimize the effect. The committee felt that a change to standard cell could allow the design to be specified at 100 MHz or slightly higher. The proposed CMOS Gate Array was estimated by the committee to operate at 43 MHz not the 60 MHz advertised by the chip vendor. Also, it was felt that the design should be done for 3.3 volt logic. A major shift is taking place in the industry and designing for future use with 5 volt logic is no longer wise. Some power saving will result from this approach. Although considerable work has been completed on the ASIC design we feel that it is only at the 20% completion point. About 60% of the effort will go into test vector generation with the remaining 20% for detailed schematic and layout. Since this chip will be a low volume device by industry standards any contract should specify that the foundry will make it at that low volume. 17
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Consultant The committee felt strongly that an outside consultant familiar with the chip process proposed should be hired for the project. Many traps are lurking for the designer which are undocumented by the vendors. After three or more designs the need for a consultant is less, however, when changing foundry processes a consultant should be hired again. Trigger Simulator A simulator for the trigger processor will be necessary if the device is to become a generally used architecture. This simulator will allow experimenters to test triggering algorithms before committing the hardware. This simulator model is in addition to the VHDL model of the processor chip. No Current Experiment The major concern of the committee with committing large amounts of money to this project is the lack of a customer. Both CDF and DO are targeting 1996 as the beginning of the next run The time scale seems to be too short for either experiment to commit to this development. If an experiment could be found to use this prototype, the funding levels proposed herein should be seriously reconsidered. It is possible a fixed target experiment could use a simple version of the system. A longer range project would be a prototype for LHC. Currently some LHC R&D projects exist and this would be another approach to the triggering. The committee also felt that without a system to go into the fabrication of a few chips would yield little more information on the 3-D Processor than that which can be gained from simulation of the chip. Work for general purpose To make this device a truly general purpose device software tools need to be developed for the experimenter. Without these tools a similar situation would result as that with the first processor farm at FNAL. Software has made the later farms very successful. Some of this development could be contracted to software houses which specialize in this type of code development. A system simulator needs to be developed for experimenters to test trigger algorithms. This simulator should take Monte Carlo generated event data as input.
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Architecture The architecture appears to work for calorimeters, assuming there are no unforeseen problems with the global event decision hardware. Further work needs to be done on tracking algorithms as they relate to first level triggers. The best test of the design would be to model the logic of an existing experiment trigger in this architecture. Using real data, one could determine trigger efficiencies and delay times. One unknown with this architecture has to do with the added flexibility provided by the programmability of this system. It is hard to crystal ball gaze, however, there was some feeling that given this feature experimenters would probably think of clever uses not now possible. Better level one triggering will reduce the data rate into level two. If a large enough reduction could be achieved, level two triggers could be replaced by a processor farm. It is possible the farm is the same as used for final event processing before storage. The rapid advances in computing power appear to make this approach feasible, if not now, at least within a few years. The committee felt that in some cases a pipeline architecture might prove useful. The current proposal assumes all processing in one plane. Additional processing planes add more computing when necessary. Pipelining needs to be architected carefully so additional bandwidth is not needed between processors. An intelligent compiler should be able to do this easily by insuring that no extra intermediate values have to be passed. The interplane bandwidth needs to be no more than the data input rates.



System Design The committee believes there are no major flaws in the conceptual design. More detailed work is needed in several areas: Cooling: Many air path 'leaks' occur between cables. These become low resistance paths for air flow causing it to shunt around processors which are not adjacent to the fans. The problem seems solvable with metal work and foam rubber air dams at appropriate places. The cooling design should be checked for higher power chips at higher speeds. Clock tolerance and distribution: Some ideas are presented but a detailed study of setup/hold times, skew, temperature effects has not been done. Nothing fatal in the general concept was seen, however, as the clock rates increase this issue will become more critical. The mechanics are of necessity not conventional. Some special tools need development to ease assembly and disassembly. These are not complex, just not done. A larger mockup with adjacent units on all sides will answer these questions.
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The hardware diagnostic system is based on IEEE 1149. This is a common industry standard. The main issue here is if the "correct" points are being monitored. The ASIC consultant will be able to advise on how best to do this. Other diagnostic tools are needed to monitor and maintain the system. These tools will require a significant software effort if the system is to be used and maintained by others (not the designers). The serial system is also available for this use in addition to controlling the processors. There was a question if RS232 is the appropriate serial technology to control many 3-D processors. A conventional microprocessor in each card cage might improve communication by using IEEE802. This micro could take on additional tasks of control and monitoring. A useful project would be the design on an interface to actual detector outputs. A place is provided in the hardware for such boards, however, one would be more comfortable if a straw design was done on several existing front ends. Some more work is required for the output data and DAQ connections from the level 1 trigger. Triggers requiring a global view need to gather information form many places in the system. We don't see any serious problems, just not done yet. Data paths to the DAQ need investigating. There should be enough output ports and bandwidth - needs checking to confirm. Software Potentially the most work will be done in writing support code. The prototype system can be brought up by the design groups software people. Their intimate knowledge will let them test and debug the system without expert tools. These tools will not provide the software environment necessary for wide spread acceptance. As stated earlier a simulator seems necessary for trigger code testing. Diagnostic software will be needed. Although the instruction set is simple, a compiler which understands concurrency will be useful to the non-hardware user. A runtime monitor is needed. The complexity of any trigger system demands such a monitor. Run time tests patterns needed. Could be pre loaded data in special registers that can be triggered for periodic checks on the system integrity.
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Cost The committee couldn't agree on the overall system costs relative to current triggers in design, e.g. CDF upgrade. Some felt that this system could cost a factor of two more, some the same. We did not have enough time or data to resolve this issue. LHC comparisons presented were hard to evaluate. The general feeling seemed to be that it could be cost competitive.



Management The committee felt that a larger group will be necessary to make the system viable and credible to many potential users. There was some feeling expressed that a larger group will bring up issues of management. Organization will be important and require the project leader to have these skills for a timely and successful conclusion. These issues will need to be solved up front to avoid potential problems downstream.
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V.



Crosetto met or exceeded all requirements made by the FERMILab review panel which at that time meant going beyond the imagination of future science



List of some of the procedures that the FERMIlab review committee on December 14, 1993 mentioned that needed to be further developed (the full list can be found in the original final report in Section IV, however, no statement in the FERMIlab report expressed any concern about the value and feasibility of Crosetto’s invention). Crosetto developed these procedures satisfactorily (even beyond what was specified in the report) in the years following the FERMIlab review. On page 2: Requirements: “…however, we believe that more work need to be done in several areas… A detailed executable model in VHDL for the proposed ASIC… A review by Mr. Crosetto of the chip specifications… It is important that this ASIC specification try and anticipate system issues as much as possible. Diagnostic (JTAG), observabiliy, programmability, DAQ interfacing, etc. should be carefully considered and hooks for them specified in the design… The overall system should be well documented at the current state of development… If hardware is constructed at a later time, clocking, cooling, etc. can be defined in detail. We see little risk in this approach…” Delivered: All these requirements have been developed as reported on page 19-20 in the chronological list for the years 1994, 1995, 1996 and 1997. Simulations and hardware was presented at CERN. See also publications On page 3: Requirements: “Paper(s) detailing the conceptual system design and the processor design should be submitted to publication such as NIM or appropriate IEEE journals. Funding should be provided for oral presentations of accepted papers at two professional society sponsored conferences… The current design does not address the hardware necessary for global triggering and data readout issues. We see nothing fundamentally wrong, just not detailed in these areas.” Delivered: All these requirements have been developed as reported on page 20 in the chronological list for the years 1998 and 1999. Simulations and hardware was presented at CERN. The global trigger and data readout was addressed in several documents and in the 1999 NIM publication. See also publications [], [], [], [], [], [] On page 4: Requirements: “Since a large number of outputs can switch at the same time, ground bounce issues need investigation and the design adjusted to minimize effect… Although considerable work has been completed on ASIC design we feel that it is only at 20% completion point. About 60% of the effort will go into test vector generation with the remaining 20% for detailed schematic and layout.” Delivered: All these requirements have been developed as reported on page 20 in the chronological list for the years 1997, 1998, 1999, 2000, 2001, 2002 and 2003. Simulations was presented at the 2000 IEEE-NSS-MIC Conference in Lyon. The proof of concept in hardware was presented in two Altera FPGA prototype boards at the 2001 IEEE-NSS-MIC Conference in San Diego, CA. The feasibility, functionality and reliability of many outputs switching at the same time, resolving also all ground bounce issues have been achieved when the industrialized version of the IBM PC modular board with 68 processors was built and worked at its first version of the prototype. These 3D-Flow IBM PC boards were presented at the 2003 IEEE22



NSS-MIC Conference in Portland, OR. The 3D-Flow design in FPGA hardware has been proven working on 8 processors in 2001 and in 176 processors in 2003. The complete design of the ASIC in 0.35 Standard cell/gate array technology has been completed in 1997. See also publications On page 5: Requirements: “A simulator for the trigger processor will be necessary if the device is to become a generally used architecture. This simulator will allow experimenters to test triggering algorithms before committing the hardware. This simulator model is in addition to the VHDL model of the processor chip… A system simulator needs to be developed for experimenters to test trigger algorithms.” Delivered: All these requirements have been developed as reported on page 20-21 in the chronological list for the years 1999 and 2000. The System Simulator in C++ to test trigger algorithms was presented at the IEEE-NSS-MIC Conference in Lyon. The VHDL model has been completed in 1996. Software tools to extract test vectors from any group of four 3D-Flow processors from the simulation of thousands of processors in C++ and compare them with the test vectors generated by the VHDL code of a 4 processor ASIC at the RTL level has been developed to increase testability. See also publications On page 6: Requirements: “Further work needs to be done on tracking algorithms as they relate to first level triggers… Pipelining needs to be architected carefully so additional bandwidth is not needed between processors… The interplane bandwidth needs to be no more than the data input rates… More detailed work is needed in several areas: Cooling: Many air path ‘leaks’ occur between cables… Clock tolerance and distribution: Some ideas are presented but detailed study of setup/hold times, skew, temperature effects has to be done. Nothing fatal in the general concept was seen, however, as the clock rates increase this issue will become more critical. The mechanics are of necessity not conventional. Some special tools need development to ease assembly and disassembly.” Delivered: All these requirements have been developed as reported on page 20-21 in the chronological list for the years 1999 and 2000. The application of the 3D-Flow system for tracking detector has been studied and articles have been published. Pipelining bandwidth and interplane bandwidth has been simulated and tested in hardware on two modular boards in 2003. Cooling and clock tolerance have passed the test with margin. See also publications On page 7: Requirements: “The hardware diagnostic system is based on IEEE 1149. This is a common industry standard. The main issue here is if the “correct” points are being monitored. Other diagnostic tools are needed to monitor and maintain the system. These tools will require a significant software effort if the system is to be used and maintained by others (not the designers). The serial system is also available for this use in addition to controlling the processors… A useful project would be the design on an interface to actual detector outputs… Some more work is required for the output data and DAQ connections from level 1 trigger. Triggers requiring a global view need to gather information from many places in the system. We don’t see any serious problems, just not done yet. Data paths to the DAQ need investigating. There should be enough output ports and bandwidth – needs checking to confirm. Software. Potentially the most work will be done in writing support code… Diagnostic software will be needed. Although the instruction set is simple, a compiler which understands concurrency will be useful to the non-hardware user. A runtime monitor is needed. The complexity of any trigger system demands such a monitor. Run time tests patterns needed. 23



Could be pre loaded data in special registers that can be triggered for periodic checks on the system integrity.” Delivered: I developed a runtime monitor and fault tolerant software tools that could diagnose a 3D-Flow system made of thousands of processors and identify automatically faulty components and connections through a JTAG and serial scan monitor functional test. The modular board has several testability features like 64 LED to monitor signals and 128 test points for monitoring fast signals on the oscilloscope. This forethought in advance testability of the board during the design phase made it easier to test and have the board and the system working at once. This hardware testability was presented at CERN, the industrialized boards at the 2003 IEEE-NSS-MIC conference in Portland, OR. Run time tests patterns have been generated, loaded in registers to perform periodic checks on system integrity. Interfaces to different sensors/transduces from different detectors at the input and to different outputs through a pyramid for channels and data reduction interfacing to a global level trigger have also been developed and published. On page 9: Requirements: “Management… Organization will be important and require the project leader to have these skills for a timely and successful conclusion. These issues will need to be solved up front to avoid potential problems downstream.” Delivered: No problems occurred in the Management and organization and all work has been completed on a shoe-string budget, and in a timely manner given the limited resources that after the money to pay the employees and consultants run out, also using my salary, I had no other choice then to continue carrying on a single person operation effort, as it was also recognized by the FERMILab review panel in 1993.
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VI.



Additional letters of recognition of Crosetto’s breakthrough invention from scientists and experts in the field after the FERMILab major review



List of representative citations extracted from some of the letters and report from reviews from scientists, from people experts in the field and people who care for the advancement in science and its benefits, in particular those that will provide an effective early cancer detection.  On 9/12/94, François Bourgeois, Deputy Division Leader, Electronics and Computing for Physics (ECP) at CERN-Geneva, together with Sergio Cittolin, Group Leader, Readout Architectures Group, after attending Crosetto’s seminar at CERN on September 12, 1994, co-signed a letter in which they write: “Dario Crosetto gave a seminar at CERN on 12 September 1994 and reported the progress made over the past twelve months. It is a pleasure for us to acknowledge here the excellent work done on the specification of the processor cell, its simulation in VHDL and, last but not least, the solution proposed at the system design level for the packaging of large multi-dimensional arrays of processors...”  On 9/18/94, Pier Giorgio Innocenti, Division Leader Electronics and Computing for Physics (ECP) at CERN-Geneva during the period Crosetto was working at the Super Collider (SSC), he was invited by CERN to give a seminar. After his presentation Innocenti writes in a letter: “From the seminar given by Dario Crosetto at CERN on September 12, 1994 one could appreciate the progress of the design over the last twelve months,…I believe that the proposed architecture represents a development of interest not only to high energy physics experiments but also to medical physics and other area, as a good match of high performance and affordable price.” From 1988 to 2008, Innocenti had known in depth Crosetto’s scientific rigorous procedure, in particular for working in the group Innocenti was leading during Crosetto’s appointment as visiting scientist in the late eighties. During that period Crosetto designed and built a modular parallel processing system for IBM PC and VME with Transputers and DSP with only the help of a student during a period of six months. Also on that occasion there was a return on investment of his work for the community because CERN stipulated an agreement with the German Company Struck to commercialize for several years the above mentioned work.  On 2/27/95, Joel Butler, Head, Computing Division at Fermi National Laboratory, writes a letter to be submitted with his grant application submitted to several panels of scientists appointed by Government Agencies (NIH, NSF, DOE, etc.): “About one year ago, FERMILAB conducted a review of the proposal by Dario Crosetto… The review committee consisted of five electronics experts and three physicists… This review committee found the design to be promising for its potential application in “HEP triggering” and possibly elsewhere, and to be a technically sound and feasible approach… I would like to strongly endorse funding… it would undoubtedly be of interest to the scientific community.”  On 8/7/00, Frank Guy, writes a review of Crosetto’s book. Frank Guy is a research scientist, with 33 years of experience in nuclear physics and in particle beam and accelerator physics at the Lawrence Livermore Laboratory, the Los Alamos National Laboratory (LANL), and the Superconducting Super Collider Laboratory (SSC). He writes on Amazon.com a review to Crosetto’s book [1]: “…many oncologists dismiss PET. They are unfamiliar with its use and with interpretation of PET images compared to MRI or CT; the cost is high; the radiation 25



















dose is large; and until recently, insurance companies would not pay for a PET scan. Crosetto's book describes how this situation can be improved by increasing PET scanning efficiency by a remarkable 40,000%. He focuses on improvements to detector geometry, as well as innovative data processing techniques that make better use of the raw detector data. Cost, time and radiation dose could be dramatically reduced, allowing PET scans to be widely used. No longer would anxious patients and their loved ones have to wait a few more months for another CT scan to see if that dreaded spot has gotten bigger, meanwhile possibly spreading cancer cells throughout the body. Also, a single screening PET scan per year could replace multiple cancer screening tests (mammograms, colonoscopy, lung x-rays, etc), and even circulatory system and coronary screening, for much less cost and more complete coverage. … Ample technical information, detailed physics and logic flow explanations, and an extensive reference bibliography allow one to check the author's claims and evaluate the advantages of the proposed new system”. On 8/15/00, Stefano Buono, research scientist at CERN and President Director of the Company Advanced Accelerator Applications in St. Genis, France, writes on Amazon.com a review of Crosetto’s book [1]: “It is amazing how revolutionary inventions come from the capacity to put together technological progress in different fields and a few simple but smart ideas. The final result looks ‘simple,’ and ‘evident,’ but only ‘after.’ This is the case of Crosetto’s invention which is, in my view, a real revolution: The possibility of transforming a PET scanner into a one-year check-up tool is a real breakthrough in the battle against cancer, and I wish it could be a reality as soon as possible.” On 11/23/00, Pier Giorgio Innocenti, after reading in Crosetto’s book about the efficiency increase in a cost-effective manner of current PET of over 400 times provided by his innovations, in a subsequent letter, following a technical evaluation of his project, states: “In short, the proposed system will drastically reduce the radiation dose to the patient, shorten the scanning time and produce an image of improved resolution. The design principles of the proposed 3D-Flow system are sound and rest on Crosetto’s long experience in electronics design and digital signal processing. My perception of the proposal is very positive and I hope that the ideas will materialize in an instrument which is badly needed.” On 1/2/01, Habib Zaidi, Senior Physicist and head of the PET Physics Group at the Geneva University Hospital, Switzerland writes on Amazon.com a review of Crosetto’s book [1]: “A novel scanner design based on knowledge gained from the inventor’s experience in the field of high energy physics that should allow faster data acquisition with less cost to health care organizations and lower the radiation dose to the patient for cancer screening purposes.” On 10/19/01, Catharinus Verkerk, writes a letter of support for Crosetto’s innovations in detecting particles in Positron Emission Technology. Verkerk knew Crosetto for several years when he was appointed in 1980 by Nobel Laureate Abdus Salam of the International Center for Theoretical Physics (ICTP) Trieste, Italy, to be Director of the College on Microprocessors for PhD engineers and physicists of the third world countries as practical technological tools for the emancipation of the emerging countries. Verkerk had also the position of group leader of a Data Handling Division at CERN and Director for several years for the CERN School of Computing. Crosetto was appointed by Verkerk since the start of the College on Microprocessors on 1980 to be part of the team of lecturers and instructors and for ten years he dedicated one month per year (using his holiday time) to teach at the ICTP in Trieste or in one of the emerging countries (Sri Lanka, China, Ghana, 26















Columbia, Argentina, Mexico) on how to build hardware and software for the construction of a complete computer or instrumentation starting from components such as microprocessors that cost about $1. On 5/4/02, Jerry Merryman, Co-inventor of the handheld calculator with Nobel Prizewinner Jack Kilby at Texas Instruments, Patent No. 3,819,921 writes: “I have carefully reviewed his designs and compared the calculated performance to existing machines, and found the performance to be highly superior … The electronic data processing used in this machine is key to the superior performance … In my opinion, his project is extremely worthy of support, and represents a very significant advance in medical imaging.” On 7/3/03, Michele Barone, Professor at NCSR Demokritos Institute of Nuclear Physics, Athens, Greece, member of the CMS Collaboration at CERN, member of the organizing Committee of seven International Conferences, in Astrophysics and Physics for Medical Applications, after following in real-time, the webcast of the Dallas review on 7/1/03 and having posed questions, writes Crosetto a letter of invitation to present his innovations at a conference. Later, in November 2005, he writes in the presentation to Crosetto’s book [5]: “The cleverness on which Crosetto’s technology is based consists of the communication and process capability intrinsic in his parallel processing system used in the data acquisition system as Crosetto pioneered nine years ago at CERN to be used on High Energy physics experiments at the new accelerators. … Crosetto’s innovation, together with another of his innovations using economical crystal detectors with an improved and simplified assembly, could be an incentive to be used on a large population, thanks to the low cost and low radiation for the patient…” On 02/02/04, Robert Turner, senior officer in patent prosecution, and litigation, and counsel at Jones Day, one of the largest law firms in the world who have filed and represented Crosetto’s patents for more than a decade writes a letter to U.S. Senator Kay Bailey Hutchison and on 02/09/04 to U.S. Congress, John Cornyn, sending also a copy to Honorable Joe Barton, Honorable Sam Johnson, Honorable Jeb Hensarling, Honorable Key Granger, Honorable Eddie B. Johnson, Honorable Pete Session, and Honorable Nick Smith. His letters stated: “I am writing on behalf of our friend and client, Dario Crosetto… Mr. Crosetto has, through his own effort, ingenuity and use of his own money substantially developed and proven to member of the scientific community the efficiency of a greatly improved system and machine for detecting cancer at an early stage… As illustrated in the attached Appendix B highly qualified and respected scientists who have seen Mr. Crosetto’s work, reviewed his book on Cancer Screening and his published articles, and discussed the matter with him, have recognized the value of his work and its potential positive impact on health care and cancer screening. I invite you to review some of the comments in the attached Appendix B… Unfortunately, development of such a system and machine is time consuming and expensive. Mr. Crosetto has spent much of his time in the last eight years devoted to this project and has used a considerable amount of his own funds in the process. He has recognized the need for additional help and funding if his efforts are to be successful, and has repeatedly solicited support from the National Institutes of Health (NIH). To date this effort has not been fruitful; thus we need your advice and assistance in moving this matter successfully through NIH… If you need further information, please do not hesitate to contact me. We would welcome your direct intervention in this matter before NIH on behalf of Mr. Crosetto, however, if you do not feel that you can to that, please advice what you believe is the 27











best course of action for Mr. Crosetto. Any help you can give him and his efforts will be greatly appreciated.” On 02/17/04 Stephen Fluckiger, counsel at Jones Day, one of the largest law firms in the world writes a letter to U.S. Senator Kay Bailey Hutchison and on 02/09/04 to U.S. Congress, Joe Barton, sending also a copy to Honorable John Cornyn, Honorable Sam Johnson, Honorable Jeb Hensarling, Honorable Key Granger, Honorable Eddie B. Johnson, Honorable Pete Session, and Honorable Nick Smith. His letters stated: “I have known Dario Crosetto, … for many years. Most recently, as a volunteer with the North Texas Life Science Society, a non-profit organization organized under the Communities Foundation of Texas to assist atart-up bio-technology and other life sciences companies in North Texas, I have worked closely with D. Crosetto as a mentor and advisor. During the past year and a half I have witness Crosetto’s efforts to utilize very small amounts of funds, including contributions from his native country of Italy, extremely efficiently to advance his breakthrough PET technology. I attended the review [July 1, 2003] at which leading scientists reviewed in depth the proof of principle breakthroughs that Crosetto has achieved after many years of almost around the clock, seven-day-a-week, effort. (See Attachment 1 summarizing the result of the review.) The reality of the marketplace are that PET machines are very expensive to develop and make and very few manufacturers in this space have any incentive to re-engineer their machines to accommodate the breakthrough technology invented by D. Crosetto. Without further funding from programs such as those sponsored by the National Institutes of Health, it is not likely that Crosetto’s novel invention will see the light of the day. As you know, the venture capital market place is not well adapted to fund ventures like this that face stiff competition from likes of GE Medical and Siemens. While I am not familiar with the specific objections raised by NIH reviewers to Crosetto’s work, it appears to me that the reward from a successful development of a 400 times [efficiency] improvement in PET technology are well worth the relatively small amounts of funding that D. Crosetto seeks. Moreover, I have great confidence that D. Crosetto will use whatever funds that are granted extremely efficiently as he has made tremendous progress over the past 8 years with very little outside funding. I recall from your press conference at BIO 2003 last June your passionate defense of Texas-based science and institutions. D. Crosetto has become somewhat of an institution in North Texas with his tenacity and undaunted pursuit of his goal to greatly reduce suffering and premature death from cancer and other anomalies that can be detected at an early, curable stage… Your advice and assistance in moving this matter successfully through the NIH is key to making D. Crosetto’s advances a reality for all those who have a high risk of cancer…” On 8/23/04 Honorable Raffaele Costa, President of Province Cuneo, Italy wrote a letter stating: “…I am certain that next to people convinced of the usefulness of Crosetto’s project, there are others with doubts, as has occurred often in the past for other inventions. However, I think it is worthwhile to address the matter seriously and make in depth objective studies.” It is necessary to overcome the inertia toward any big changes in a market caused by innovation and it is necessary to overcome all resistance from influential people who have a different agenda. Because there are many people who sincerely want to see a substantial reduction in cancer death as soon as possible, the right thing to do first is to disseminate Crosetto’s innovation, mission and goals that will revolutionize the way health care will be 28



practiced. Thus the most important thing to do at this time is “education” and, “dissemination” of Crosetto’s innovations, mission and goals. In order to promote in depth understanding, Honorable Costa points out that “…because of the enormous consequences and stake at hand to fight the development of this devastating illness, it is urgent and worthwhile to address the issue with appropriate, impartial in depth scientific study”,  On 6/1/05, Honorable Costa requested an explanation in simple words from scientists and experts in the field about the value of Crosetto’s innovations and the benefits that would be provided to the patients and society. The impartial expertise needed to effectively evaluate such innovations that allow over 400 times efficiency improvements over current PET should be selected from a list of individuals including: , a) a physician interested in a machine which provides the best information on minimum abnormal metabolism in order to improve early diagnosis of cancer b)



a senior astrophysicist (experimental physicist) expert in photons that are the basic signals related to abnormal metabolism to be identified and all available information accurately extracted c) an expert in electronics, analog in particular, knowledgeable in extracting electrical signals from the photons and also to review several area of the project related to electronics d) a computer scientist and experimental physicist, expert in digital electronics and computers because the 3D-CBS consists of sections requiring extraction of data from detectors and processing data with fast front-end parallel processing electronics , and e) an executive officer from a large industry who could review the soundness of Crosetto’s innovations as being introduced in a commercial product, verifying that the final machine is the best balance between cost and performance for a competitive commercial product. Honorable Costa received five letters from such well qualified scientists and experts in the field related to the construction of the 3D-CBS innovative technology: a) On 6/17/05, Stuart Peake, a board certified diagnostic, radiologist presently practicing at RHD Memorial Medical Center in Dallas, Texas, where he serves as Medical Director of Radiology as well as past Chairman of the Hospital Board Directors, writes to the Honorable Costa: “Recently I had the pleasure of reviewing a prototype PET scanner, called 3-D Complete Body Screening (3D-CBS) that is being build by Dario Crosetto. I am particularly interested in PET, since I believe the clinical applications of this particular entity have far reaching possibilities in the future. Presently those of us in clinical medicine have very few diagnostic tools for cancer screening that are not either invasive, or inordinately expensive and do not find cancer at an early stage. The possibility of cancer screening utilizing PET imaging with FDG is certainly appealing in terms of yearly cancer screening, providing the radiation dose can be kept at a minimum and the cost reasonable. Dario Crosetto's particular design is ingenious and may well achieve this goal. It makes perfectly sense to capture more photons more accurately that will show abnormal metabolism, which is typical of cancer cells at an early stage. Earlier stage cancer detection is well know for being the most effective way to reduce cancer death. I applaud your interest as a Public Official in pursuing these objectives of early cancer detection as you stated in several press releases in Italian newspapers in reference to Crosetto's innovation and goal. 29



Because the essence of Crosetto's project is exactly that of early cancer detection by capturing hundreds of times more signals from the nutrient (glucose, water, or others) metabolized by the body cells, your interest in having his project and innovations realized is a great service to the community.” b) On 6/26/05, Paul Bartholdi, senior astrophysicist at the observatory of Geneva in Switzerland, with experience in Europe, USA and internationally, who also was on the team that discovered with a 2 meter telescope a planet around 51 Pegasi in 1995, while their American colleagues were unable to find it with a 10 meter telescope writes to the Honorable Costa the following: “… Dario Crosetto proposes a radical new design: moving back to very cheap crystals, enlarging very significantly the detector surface to catch the maximum number of photons (this is possible because the crystals are not very expensive), and, above all, use a lot of modern digital electronics in a clever way to extract all the available information from the photons. With this synergy of improvements, the 3D-CBS will need only a few percent of the radioactivity necessary for the traditional PET. As a side effect, the new electronic will provide better images, easier detection of very small tumors (usually never seen before), and quantification of the abnormal cancerous metabolism, even before a tumor is formed.” c) On 6/23/05, Jerry, D. Merryman who has 50 years of experience in electronics and a 38-year career at Texas Instruments where he was the named inventor of over 60 patents and is known principally for co-inventing the electronic hand-held calculator, with Jack Kilby, who was awarded the Nobel Prize in Physics, wrote a letter to Honorable Costa stating: “…I have carefully reviewed his design and compared the calculated performance to existing machines and found the performance to be highly superior. This novel technique provides better abnormal metabolic information in a shorter time with less radiation to the patient. A primary means of accomplishing this is the use of more detectors to cover a larger solid angle, and a new electronic technique capable of handling the increased data rate and allowing a more efficient use of economical crystals in the detector. A novel electronic technique, combined with an improved/ simplified detector assembly are the principal features of Crosetto's invention. … I agree that Crosetto’s technology has better sensitivity at a lower cost compared to current PET machines. His claims are based on solid scientific grounds and are the combination of several innovations in their concepts and in their implementation. These can be summarized as an innovative parallel processing architecture and implementation that when combined with a simplified detector assembly and a more sophisticated photon detection real-time algorithm allows measuring more accurately the energy, the impact point and the arrival time of the incident photons in the PET detector. This allows capturing more accurately more photons even when low cost crystal detectors are used in order to keep affordable the cost of the entire 3D-CBS device (3-D Complete Body Screening). The photons are signals related to the nutrient to the body cells. Knowing that cancer cells are hyperactive and require more nutrient, we can see that the advantage of detecting hundreds of times more nutrient to the body cells, allows detection of cancer at a much earlier stage when a minimum out of balance metabolism manifests in the body’s organs. 30



His innovation in the electronics allows also building the machine in the most cost-effective manner to provide a lower cost per photon captured, and its increased efficiency allows lowering the radiation dose to the patient to a level acceptable by the International Commission for Radiation Protection for annual examination. The principal benefit of lower cost examination and lower radiation dosage will be to modify the medical climate so that a large portion of the population at high risk of cancer (age, hereditary, risk from chemicals such as smoke) are willing to be screened with a safe device detecting the minimum abnormal metabolism. Detecting minimum abnormal metabolism on asymptomatic people provides a much earlier cancer detection, which is known to be the best way to reduce cancer death” d) On June 18, 2005, Prof. A. E. Werbrouck, physicist and computer science expert, former Dean of the Computer Science faculty in Turin, Italy, writes to Honorable Costa: “…Recently I have spent four mornings with Dario Crosetto to examine and understand all aspects of the actual project. We discussed the aspects of the geometry (for the Complete Body Screening device), the optimal determination of the energy and location of the impact of the single photons generated from the annihilation of positron-electron, the choice of crystals that convert high energy photons in light, the electronic system that acquire and filter data, including the photon arrival time, all the above in order to guarantee the purest identification of the pair of photons resulting from single annihilations. At the end of these sessions, I was convinced that Dario Crosetto had thought to all problems inherent to the construction of a detector for an early detection of abnormal metabolism and he has optimized all solutions keeping in mind the cost of realization versus the resulting efficiency, without neglecting the damage that may derived from giving radioactive substance to the patient for the examination…. I am convinced that the realization of a prototype of his project … is justified in the current fight against cancer”. e) On 6/20/05, Ruben Sonnino, Vice President of ST Microelectronics, among the five largest semiconductor companies in the world, with 30 years in the semiconductor industry, writes to the Honorable Costa the following: “…The reassurance that I intend to offer with this letter is based on the fact that Crosetto has repeatedly demonstrated being able to sustain the confrontation with scientists from the largest international research laboratories such as Fermi National Laboratory, proving each time the validity of his work to pass the test or examination. For example, I have witnessed at meetings with “Venture Capitalists” with the President of Siemens Nuclear Medicine, Director of PET at Siemens and on both occasions, Crosetto answered all questions and no one was able to point out scientific, feasibility or cost effectiveness errors in his proposals. “Venture Capitalists” preferred to finance projects (such as a product to clean optical fibers) with a very short term return on investment. This does not diminish the validity of Crosetto’s projects, which have not been considered primarily because they did not fit in the objectives pursued by the investors. 31











However, Crosetto passed all tests, including a “business plan” examined by the Venture Capitalists and was recognized for accuracy of detail projection of five years operation with cost in services, material, cash flow, break even point, for which he was awarded a prize of $10,000. I was also present at the meeting on November 6, 2002 in DeSoto of Crosetto and the President of Siemens Nuclear Medicine Michael Reitermann, the Director of PET at Siemens, Vilim Simcic and other people among whom was a physicist with experience at national research laboratories. I can attest that there was no question Crosetto could not answer satisfactorily, or that any error or scientific or economical inconsistency in Crosetto’s calculations or claims pointed out by the examiner ….(this is also proven by a tape recording that was made with the consensus of the participants) I therefore encourage you to continue with confidence, taking example from the Director of the Superconducting Super Collier who requested in 1993 at the highest level of the scientific community a review of Crosetto’s innovative ideas. Also on that occasion, Crosetto did not disappoint anyone because his claims have always a solid scientific and economical basis. … Crosetto’s innovations have as their objective the achievement of maximum efficiency in capturing photons that are associated with a nutrient compound to the cancer cells, allowing visualization of the minimum abnormal metabolism which is typical in the presence of cancer cells because by being hyperactive, they require more nutrient than normal cells.” On 05/16/08, Pier Giorgio Innocenti, former Division Leader of Electronics and Computing for Physics (ECP) Division at CERN, Geneva, writes: “On November 23, 2000 I wrote a letter giving a positive evaluation to the technological advancements Dario Crosetto was proposing in the acquisition and processing of PET signals… Crosetto has built the electronics incorporating the design principles and algorithms he advocated. He has shown that the complete system works according to specification and has achieved an improvement factor of 400 as initially claimed. My understanding of the medical world is insufficient to try an analysis of how and why they have overlooked Crosetto’s breakthrough. I can only see that they have missed an opportunity to improve efficiency.” On 07/12/10, Domenico Scannicchio, Medical Physics Director at the University of Pavia, Italy writes a letter to the Rector of the University of Pavia, Italy, Angiolino Stella, Pro-Rector Lorenzo Rampa, Director of Research Cesare Balduini and Cardio-Surgeon at the hospital S. Matteo, Vincenzo Vigna stating: “…This equipment [3D-CBS] is designed to minimize the radiation dosesage to the patient, a dose much lower than those required by current PET. The 3D-CBS maximizes the utilization of the radiation by capturing all possible signals from the tumor marker with respect to existing solutions at the lowest cost per signal captured while maintaining image resolution. This is thanks to the innovations in the field of electronics by D. Crosetto and those he extended later to other fields such as: detector assembly, capability to execute complex algorithms in real-time, and other innovations as described in the attached document. I am also attaching a document that describes the key features of the proposed 3D-CBS system. To conclude, I find that this proposal is scientifically sound and it is my professional opinion that the 3D-CBS technology should be developed, possibly in collaboration with our university. I hope, therefore, that funding resources could be found locally, despite the current difficult economic situation…” 32



VII.



Chronological list of deliverables by Crosetto to the scientific community and for the benefit of humanity (most of these deliverables were pushed aside for less efficient more costly approaches)







In 1992, I conceived the new 3D-Flow-OPRT invention that breaks the speed barrier in realtime applications, permitting the execution of programmable Object Pattern Recognition Trigger (OPRT) complex algorithms having the capability to accurately capture all possible signals from radiation with high signal-to-noise ratio at the most economical cost per valid signal captured from thousands of data arriving at a billion events per second. My invention was supported by my group leader Jim Siegrist who gave the OK to make all information open to the public, although it would give advantages to competing experiments, and supported my presentations at three international scientific conferences in one month. It was also published in 1992 in three articles.







In 1993 my 3D-Flow invention was adopted by thousands of scientists from the Gammas Electrons and Muons collaboration as reported on pages 7-10 to 7-14 of the GEM Technical Design Report GEM-TN-93-262, SSCL-SR-1219. In September 1993, I presented my invention at the Fourth International Conference on Calorimetry in High Energy Physics at LaBiodola, Isola d’Elba, Italy. (World Scientific. 1993, pp. 259-263). In December 1993, my 3D-Flow invention passed a major international scientific review held at FERMILab. This scientific review came as the result of my receiving a number of letters from leading experts in experiments in particle physics, some in competition with each other, all agreeing on the scientific value of my research and invention. The Director of the Superconducting Super Collider then requested an international, public scientific review of my 3D-Flow invention to be held at FERMILab. The review panel was made up of experts in the field from industry, academia and from the most prestigious research centers in the world, including CERN in Geneva who acknowledged in a written report the scientific value of my 3D-Flow invention. It was recognized an invention on page 2 of the report as being a “unique concept” that went beyond imagination of future science as state on page 6 “… experimenter would probably think of clever uses not now possible”. The review panel stated on page 3 of the report: “The committee was impressed with the work already completed by an essentially one person operation”. This comment was made after working ten months on my project at the Superconducting Supercollider.







In 1994, I was invited to give a seminar at CERN which was announced on the CERN Bulletin. Following my seminar, I received several letters of appreciation from attendees, including the Division Leader of the ECP (Electronics and Computing in Physics, the largest Division at CERN), his Deputy, and several CERN Group leaders in Trigger and Data Acquisition.







In May 1995, my 3D-Flow invention was adopted by hundreds of scientists from the LHCb collaboration to solve the Level-0 Trigger for the Calorimeter detector and was included in the Letter of Intent (LOI) as published on pages 83-84 of CERN/LHCC/ I 8, 25 August 1995, last updated 28 March 1996. 33







In 1996, my paper was accepted at the Ninth Conference on Real-Time Computer Applications in Nuclear, Particle, and Plasma Physics at MSU, East Lansing and published on IEEE Transaction on Nuclear Science, February 1996. In January 1996, Prof. Peter Antich, Emeritus Professor, Director of Advanced Research at the Radiology department of Southwestern Medical Center in Dallas, TX, wrote a letter of appreciation in support of my innovative technology.







By 1997, I had satisfied the request of FERMILab’s 1993 review panel by coding the 3D-Flow processor in VHDL, including the IEEE 1149 (JTAG) feature, 3.3 volt logic (with the core even lower at 1.8 volts), targeting it to standard cell technology using the best synthesis tools by Synopsys; completed the ASIC design that at the time of the review in 1993 was only 20% complete, generating test vectors that could test a 3D-Flow system made of several thousands of 3D-Flow processors simulated in C++. The same test vectors could be used on four 3D-Flow processors coded in VHDL and synthesized to FPGA-Gate Array for ORCA, Xilinx, Altera and at the transistor level of standard cell technology where results from the different simulations (C++ and Gate Array or Standard Cell) were compared.







In February 1998, my invention was also considered by the LHCb collaboration for solving the Level-0 muon Trigger as reported on page 108 of the LHCb Technical Proposal CERN-LHCC98-04, CERN-LHCC/P4, 20 February 1998, in addition to solving the Calorimeter Level-0 Trigger as reported on page 103-104 of the same document.







By the end of 1998, I went beyond the expectations of the 1993 FERMILab review panel in developing the assembler, simulator and an entire suite to create 3D-Flow projects for detectors of different sizes, performance requirements in complexity of the algorithm and in input data rate. I proved the design to be technology-independent by compiling the 3D-Flow processors/chip in three different FPGAs (ORCA, Xilinx and Altera) comparing performance and cost, ultimately testing on FPGA hardware by Altera, and also targeting to standard cells technology using the synthesis tools by Synopsys. I also developed the Trigger simulator allowing experimenters to test triggering algorithms before committing to hardware. I developed and published applications of the 3D-Flow for Level-1 Trigger for muon detectors with S. Conetti (and others from the University of Virginia). I solved all architectural and system problems of cooling, mechanics and clock distribution as described in Fig. 33, page 379 of NIM A 436, 1999, by designing and building the hardware chassis and racks accommodating a 3D-Flow system with thousands of processors as reported on page 216 in the DOE Technology transfer publication DOE/LM-002 DE94005148, 1994, and then built at the SSC during closeout in 1994. I developed a runtime monitor and fault tolerant software tools that could diagnose a 3D-Flow system made of thousands of processors and identify automatically faulty components and connections through a JTAG and RS-232 serial scan monitor functional test. (These functions can easily migrate now to USB or to more modern serial communication techniques). Interfaces to different sensors/transduces from different detectors at the input and to different outputs through a pyramid for channels and data reduction interfacing to a global level trigger have also been developed and published.







By 1999, I provided the description of all the above in several publications, documents and presentations at conferences (NIM, A 436, 1999, pp. 341-385 and IEEE-NPSS, Real-Time Conference in Santa Fe 1999, pp. 329-336). My invention was recognized valuable by top scientists in the field as reported in several letters that were also listed by the attorney 34



appointed by the SSC to file my application for the Green Card that was granted for “exceptional ability in sciences” 24 hours after submission. By now I had satisfied all desires expressed in the written report dated January 31, 1994 by the members of the FERMILab review panel who recognized and approved my invention “Digital Programmable Level-1 Trigger with 3D-Flow Assembly” even going beyond their expectations. I had used all $75,000 and $750,000 grants provided by DOE for the LHCb application, including the portion that I should have kept as my salary, adding my own time and money. After these positive results one would have expected the DOE to have continued funding this project to get a higher return for the investment of taxpayer money instead, because of difficulties that deceived DOE listed in Section XVII, of the letter dated May 5, 2015 to Jim Siegrist, millions of dollars in funding was provided to less efficient and more costly projects. 



On August 10, 1999, three years after submission, my “High-speed, parallel processor architecture for front-end electronics, based on a single type of ASIC, and method use thereof” invention was also recognized by the U.S. Patent Office that granted patent 5,937,202. My invention was not refuted by DOE after my power-point presentation that I gave at their Office of High Energy Physics on September 2, 1999. On several occasions I contacted scientists and CERN directly also in writing, offering them free licensing of my patent to support advancements in science; however, I never received a reply to my offer.







In 2000, I conceived the new 3D-CBS invention which consisted of the basic 3D-Flow invention, together with other inventions and known techniques that when put together in synergy provide a new invention for an effective early detection of minimum anomalies in biological processes at a very low radiation dose and examination cost beneficial to save many lives in screening, prognosis, and following cancer treatments and the diagnoses and treatments of many other diseases. I presented two articles and a book at the 2000 IEEE-NSS-MIC Conference in Lyon. The Chairman of the Industrial Exhibition, Chris Parkman from CERN, gave me a free booth at the Industrial Exhibition to present the 3D-Flow simulator for thousands of 3D-Flow processors that allowed experimenters to execute different Level-1 Trigger algorithms. I presented two articles at the conference and distributed free of charge to the leaders in the field 200 copies of the book “400+ times improved PET efficiency for lowerdose radiation, lower-cost cancer screening”.







In 2001, I presented the proof of concept in hardware of my 3D-Flow invention at a booth at the Industrial Exhibition at the IEEE-NSS-MIC conference in San Diego, California, provided to me for free by its Chairman, Chris Parkman from CERN. The invention’s feasibility and functionality was proven in two large FPGAs from Altera by showing signal timings on the oscilloscope on two prototype boards with four 3D-Flow processors each interconnected in a cube structure. The attendees at the conference were invited to choose cluster patterns by commuting switches. Clusters found were displayed on LED and timing of the signals on the oscilloscope.







In 2002, I had a one day meeting with the President of Siemens Nuclear Medicine, Michael Reitermann and with Siemens Director of PET group, Vilim Simcic, at my place in DeSoto, and a conference call with Siemens Director of Advance research, and Siemens Director of the Electronics group. They attended the meeting because they doubted that it was possible to improve the efficiency of their PET by improving the electronics as I had stated in my book. 35



Prior to our meeting, all participants agreed to record it; no one stated that my technology was obsolete or that it referred only to my 3D-Flow parallel-processing architecture. At the meeting Siemens stated repeatedly that PET efficiency could not be improved by improving the electronics, however, they had to recant their statement after I explained them how to improve it. Siemens, five years later confirmed on their website that they had improved the efficiency of their PET by 70% by improving the electronics. (However, if I could have implemented all my innovations at once, I would achieved an improvement of 40,000% and made a substantial difference in effective early cancer detection). 



In 2003, I proved the feasibility and functionality of 3D-Flow systems for HEP applications and Medical Imaging by building industrialized IBM PC modular electronic boards, at my own expense, with 68 processors each. The successful testing of the communication between these two modular boards proved that a 3D-Flow system for any detector size in HEP or in Medical Imaging applications can be built, with the advantages of extracting all relevant information from radiation at the lowest cost per valid signal captured, to discover new particles, and to implement an effective, low-dose radiation, low-cost early cancer detection. In spite of these recognitions and demonstrations in hardware of the working proof of concept, funding went to other less efficient projects that could not provide early cancer detection, and required the administration of a high radiation dose to the patient, at a high examination cost.







In 2003 I was invited by Ralph James, Associate Director of Brookhaven National Laboratory, and General Chairman of the IEEE-NSS-MIC conference in Portland, Oregon, to submit papers at the conference. He waived my conference fee and wrote in an email: “I will say that any approach (even from a Nobel laureate) that suggests 2-3 orders of magnitude improvements in anything will meet considerable skepticism. This must be expected. However, you should not be discouraged nor feel despair. Your persistence will win, if you are correct. Failure will only result if you quit, and you were right after all. I am sorry to repeat myself, but I suggest that you re-submit an abstract based on your idea/concept/data”. I presented the feasibility and functionality of my invention (which is technology-independent) in two articles and with the two industrialized IBM PC modular boards.







In 2003, I passed an international, public scientific review via web of the 3D-CBS innovative technology (which includes the 3D-Flow invention) for an effective early cancer detection. The expert review panel in Dallas who asked questions, verified calculations, logical reasoning and scientific evidence consisted of: an oncologist, a physicist, the director of one of the largest PET centers in the USA, the inventor of the pocket calculator, a doctor, an expert in photons from the Observatory of Geneva, an executive of industry and a senior engineer at Texas Instruments. The discussion including all follow up questions by the review panel (including those received via web) was live streamed on the web and was made public. The review panel recognized the validity of the 3D-CBS technology for early detection of cancer in a written report.







In 2004, I presented the 3D-CBS innovative technology with a realistic plan on how to achieve a substantial reduction in cancer deaths and how to test it on a sample population to the Health Commission V of the Minister of Health in Italy and in a series of letters exchanged with the Director of the National Cancer Institutes (NIH-NCI), von Eschenbach, who publicly announced in 2003 that he would eliminate suffering from cancer by 2015. He did not provide a plan on how he would reach that goal, or how he would test it on a sample population, and the goal was not reached. Other people and cancer organizations have made similar 36



unsuccessful announcements over the past 80 years without providing a plan on how they would reach the goal or how they would test results on a sample population. No one has been able to provide scientific arguments to invalidate the scientific evidence of the merits of my 3D-CBS invention, hundreds of times more efficient than the 4,000 PET devices in use in hospitals and clinics today, yet I have received no funds for HEP or for Medical Imaging applications (or for the basic hardware that would serve both). I submitted over ten proposals for more than ten years to NIH, NCI and NIBIB, NSF, DOE and NIST, however, reviewers, who were mainly physicists, rejected my proposals targeted to increase sensitivity and reduce the cost per valid signal captured, requesting I modify my proposal to improve PET spatial resolution which would have been detrimental to sensitivity. The over 4,000 PET devices built following this trend during the past decades and the future PET devices being developed have defects in their detector modules which are incapable of capturing all signals received from the tumor markers, in the same way that bullet proof vests that are too thin and have holes like Swiss cheese cannot save the wearer’s life. 



In 2005, I was invited to the ICATPP conference in Como, Italy, where the Chairman invited journalists for a press release on my inventions to be announced to the public. My article “Rethinking Positron Emission Technology for early Cancer Detection” was published by World Scientific, 2006, pp. 692-696.







On January 31, 2006, I participated at the Press Conference in Washington DC on the Future of Medical Imaging organized by the Director of the National Institutes of Health (NIH), Elias Zerhouni. I asked questions, met him and the Director of the National Institute of Biomedical Imaging and Bioengineering (NIBIB), Roderic Pettigrew, and provided them a copy of my scientific-technical book and other documentation. They promised to give me answers to my questions and to give a review of the material in my book.







In 2006, six years after my invention of the 3D-CBS, it received recognition from the US Patent Office, granting me the first patent in May 23, 2006. This was followed by other patents on different inventions related to different aspects (electronics, mechanics, detector assembly, etc.) granted on November 7, 2006; February 20, 2007; August 28, 2007; May 15, 2007; September 1, 2009. The entire 3D-Flow system development (including the two working prototype boards) was inspected by ABO Project (see the questionnaire they compiled and signed assessing the merit and advantages of my inventions) in a four day visit to the labs where the equipment was being tested and 17 hours of meetings (all video recorded) held in the offices of the law firm Jones Day at 2727 North Harwood St., Dallas. I committed to donate the majority of the income received from licensing my patents to cancer patients.







In 2007, my article “Ignored Discovery Now Proven Capable of Saving Millions of Lives from Premature Cancer Death Demands Rethinking the Direction of Research" was accepted by the ICATPP Conference for presentation and publication in the Book: Astroparticles, Particles and Space Physics, Detectors and Medical Physics Applications. Editor: World Scientific, pp.624639 - 2008.







In 2008, after being invited to a meeting at CERN in March with former CERN General Director, Horst Wenninger, and other experts in particle physics appointed by Antonio Zichichi to verify the solidity of my invention and technology, I was invited to give an all expense paid seminar on August 2008 before world leaders, including Nobel Laureates at the World Laboratory at the 40th Session of the “Planetary Emergencies”. (My presentation with Q&A was video recorded and my article “Logical Reasoning and Reasonable Answers Consistent 37



with Declared Objectives for the Benefit of Mankind” was published by World Scientific, 2009, pp.531-560). 



In 2008, I gave a series of presentations at the major Cancer Institutes and Hospitals in Italy, at the NTC Conference in Florence, at an event organized by physicians in Toronto, Canada. I gave a seminar at CERN from the CMS video conference room, broadcasted to the world via EVO system. The following day, I had a one-on-one meeting with CERN Director General and with the leaders of the Trigger of the main experiments: CMS, Atlas and Alice (I was familiar with LHCb because I was part of it until 1999) and no one could refute the superiority of my 3D-Flow programmable parallel-processing architecture compared to current trigger developments.







In 2008, I passed an international public scientific review via web with simultaneous translation in English-Italian and vice-versa, held in Rome at the Medical Association of Rome-Lazio of the 3D-CBS innovative technology (which includes the 3D-Flow invention) for an effective early cancer detection. Among the reviewers were doctors, physicists and entrepreneurs from Canada and the US, doctors, anatomical pathologist from Italy and a member of the Superior Council of Health in Italy. The review panel recognized the advantages of my 3D-CBS technology hundreds of times more efficient than the existing 5,000 PET devices and approved it in a written questionnaire they filled out after the review.







In 2009, a 42-page article reporting the dialogue between myself and the leaders in medical physics in Italy was published by the magazine “Notiziario di Medicina Nucleare ed Imaging Molecolare” in May. The dialogue clarifies the misconceptions in the approach of building current PET with high spatial resolution to the detriment of sensitivity while the 3D-CBS innovative technology can achieve both, focusing as first priority on achieving maximum sensitivity in capturing as many signals as possible from the tumor markers at the lowest cost per valid signal captured and then, using the 3 x 3 photon detection algorithm and other techniques and inventions, maximizing the measurement of spatial resolution, the photons’ arrival times and overall, greatly improves signal-to-noise ratio. These are all features that are best understood by experts in particle physics rather than doctors.







In 2009, I responded to the appeal by CPRIT (Cancer Prevention Research Institute of Texas) to provide comments to their rules for assigning grants. Encouraged by a letter received by the CPRIT CEO, Bill Gibson, I submitted a proposal for a grant, which however, was not reviewed or even read by the Scientific Committee who “triaged it out” after reading the title: “3D Complete Body Screening (3D-CBS) for Early Cancer Detection targeted to Reduce Premature Cancer Death at a Lower Cost per Life Saved Compared to Current Cost” of my proposal and the 150 characters Abstract and Significance.







In September 2009, I was invited to give a Seminar at Brookhaven National Laboratory before experts in Physics, Biology and Medical Imaging. Among the audience was Dr. Joana Fowler who had just received the National Medal of Science award from U.S. President Barak Obama. This event was possible because of the interest of Ralph James, Associate Director of BNL, who contacted the people at BNL who organized this seminar. No one could find any flaws or refute the advantages of my invention. The entire event lasting about two hours was video recorded, including the Q&A session.
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In 2009, I attended an open, public workshop of the 3D-CBS organized at the Hospital San Matteo in Pavia, Italy, a hospital with long-standing experience in organ transplant. The event was made public with the possibility to interact with anyone from anywhere in the world via the EVO system in order to answer questions and clarify doubts or misinterpretations regarding the 3D-Flow and 3D-CBS systems. The President of the Italian Association of Nuclear Medicine and other doctors and physicists expert in PET and physics were among the local panel of experts. The 3D-CBS was recognized a valuable solution by the panel who stated that it should be funded immediately from funding agencies responsible to advance science in this field.







In 2010, I participated at the workshop “Physics for Health” held at CERN and presented an article with 14 co-authors and 1,000 co-signers by the title “Progress in the Domain of Physics Applications in Life Science with an Invention for Substantial Reduction of Premature Deaths: The Need for a Paradigm Change in Oncology Research”. The abstract of this article has been translated in ten languages, including Chinese, Japanese and Russian.







In 2010, I participated at an open, public workshop organized by the University of Pavia Physics Department that was live broadcasted via the web. Among the panel of experts in the room were doctors, physicists, public administrators, and entrepreneurs, including the former Director of the INFN (Istituto Nazionale di Fisica Nucleare) of the Section of Pavia, the entrepreneur Enrico Buzzi and his wife Mariangela Buzzi and a representative from the City of Pavia. No one could deny the superiority of the 3D-CBS system compared to other systems.







In 2011, the innovative 3D-CBS technology received the Leonardo da Vinci Award for the most efficient solution in particle detection for early cancer diagnosis. The competition was held at the University of Pavia on the occasion of its 600th anniversary. The rules of this competition were defined after consulting CERN and leading experts in the field and lasted six months; the presentation and evaluation of the different projects by the reviewers was presented in a live five-hour discussion via the web.







In 2012, my abstract was accepted by the World Cancer Congress organized every two years by UICC (Union for International Cancer Control) based in Geneva, Switzerland, operating since 1933, and coordinating over 170 cancer organizations in the world from over 100 different countries. I presented three slides that I translated into six languages and visited all booths of different cancer organizations, learning about each, asking them what impact their organization had in reducing cancer deaths and cost with the money they raised and spent.







In 2013, my paper entitled “Breaking the Speed Barrier in Real-Time Applications to Make Advances in Particle Detection, Medical Imaging and Astrophysics” was accepted at the international IEEE-NSS-MIC-RTSD conference in Seoul, South Korea, by the Chairman, Ralph James, of the RTSD Session. The General Chairman of the Conference, Dr. Hee-Joung Kim, invited participants to submit projects “Beyond Imagination of Future Science”. My poster and 32-page article R05-52 was the only one that addressed his words seriously by demonstrating that my breakthrough inventions go beyond the imagination of future science in discovering new particles and providing the highest potential to solve, through an effective early cancer detection, the world’s most deadly and costly calamity: cancer.







In 2014, I went to Seattle, Washington, to distribute directly to the participants of the IEEENSS-MIC-RTSD Conference the information about my inventions beneficial to the advancement in discovering new particles and in implementing an effective early cancer 39



detection, and to ask publicly legitimate scientific questions to the keynote speakers, session speakers and to the General Chairman. In December 2014, I went to Washington DC to attempt to meet the leaders of the funding agencies DOE and NIH, NCI, NIBIB who fund this type of research to provide them directly the same information. However, because the root of my invention is particle detection, the first understanding and funding should come from the experts who fund particle physics, because a doctor or Director of NIH, NCI, or NIBIB does not have the same experience and knowledge in particle detection as the Office of High Energy Physics at DOE has. 



In 2015, fourteen years after my invention of the 3D-CBS, the European Patent Office (EPO) recognized the invention and granted the patent on February 6, 2015. This was achieved after a face-face meeting with the commission of the European Patent Office of Munich, Germany, where for 15 minutes I was able to give oral explanations and answers to their specific questions. The EPO Patent Examiner Committee recognized my invention and wrote in the minutes of our meeting: “The applicant delivers a detailed presentation citing the relevant passages in the application and prior art, explaining the non-obvious synergistic effects of the large field of view together with the remaining processing architecture that conferred an inventive step of new claim 1 over the available prior art.” It took 14 years and this face-toface meeting before they recognized my 3D-CBS invention targeted to significantly reduce cancer deaths and healthcare costs through an effective early cancer detection at a very low radiation and low examination cost. I reconfirmed my commitment to donate the majority of the income received from licensing my patents to cancer patients.







In 2015, the President of the ISECM2015 International Conference has noticed my 32-page article presented at the 2013 IEEE-NSS-MIC-RTSD conference in Korea summarizing the technological advantages and benefits to humanity of my inventions and has invited me as Session Keynote Speaker of the Symposium on “Energy Challenges and Mechanics – toward the big picture” on July 7-9. I was then invited as a Session keynote speaker where I gave the following presentation: link to the video https://www.youtube.com/watch?v=Q9bUg3ZsiUk&feature=youtube_gdata; link to the slides https://drive.google.com/file/d/0BxWfo2ViJ6r5UXpqVHc2NWFnWm8/view?usp=sharing ; link to the abstract http://nscj.co.uk/ecm3/sessions/306_DarioCrosetto.pdf; link to the bio sketch; http://nscj.co.uk/ecm3/sessions/DarioCrosetto.pdf
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VIII.



Benefits of Crosetto’s inventions in the field of Medical Imaging: The 3D-CBS (3-D Complete Body Screening) innovative technology targeted to early cancer detection



The 3D-Flow DAQ IBM PC board for Photon Detection in PET and PET/CT In December 2002 Crosetto designed and in March 2003 built and tested in hardware a modular board system that would guarantee a difference between any two clock signals among hundreds of thousands of channels of less than 40 picoseconds. Crosetto provided the schematics and PCB layout so that anyone can verify that these results can be achieved. The schematics and the layout of the board were provided at the following website https://drive.google.com/file/d/0BxWfo2ViJ6r5Wl82SG0xSC1hakU/view?usp=sharing. This design in 2003 would have reduced OPERA’s experiment uncertainty announced in September 23, 2011 by several thousands of picoseconds in measuring the arrival time. (It could also be used at the start time when measuring the path of the muon ‘sister particle’). Note the traces of equal length (in green in the photo) that guarantee a minimum difference in time among signals within the board, while the use of the programmable delay line MC100EP195 keeps the difference in time among signal in the entire system within 40 picoseconds. The article title “3D-Flow DAQ IBM PC board for Photon Detection in PET and PET/CT” was presented at the IEEE-NSS-MICConference in 2003 and is available at the Conference Record. M3130. http://www.crosettofoundation.com/uploads/105.pdf or at https://drive.google.com/file/d/0BxWfo2ViJ6r5eVRubUdMRmZxYkk/view?usp=sharing
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IX.



Additional recognition of the scientific merits of Crosetto’s inventions when winning the Leonardo da Vinci competition which publicly compared the scientific merits of different approaches
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X.



Crosetto’s inventions remains valuable today because the potential benefit in creating powerful tools for the discovery of new particles and for an effective early cancer detection are enormous with a relatively small investment
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APPENDIX A: SSC Director’s request for an international summit and evaluation of Crosetto’s invention is reported in the email dated November 19, 1993, specifying that “ A physicist from the European HEP [High Energy Physics] community should be considered.” From: To: CC: Subj: FNAL::IN%"[email protected]" 19-NOV-1993 17:32:39.54 IN%"BUTLER@fnalv" IN%"[email protected]" 3d flow review Return-path:  Received: from FNAL.FNAL.GOV by FNAL.FNAL.GOV (PMDF V4.2-12 #3998) id [email protected]>: Fri, 19 Nov 1993 17:32:28 CDT Date: Fri, 19 Nov 1993 15:11:59 -0800 From: [email protected] (Andrew J. Lankford) Subject: 3d flow review To: BUTLER@fnalv Cc: [email protected] Resent-message-id: [email protected]> Message-id:  X-VMS-To: IN%"[email protected]" X-VMS-Cc: IN%"[email protected]" Content-type: TEXT/PLAIN; CHARSET=US-ASCII Content-transfer-encoding: 7BIT Joel, Please review the following charge and let me know if it is acceptable to you. Thanks, Andy November 19, 1993 Dr. Joel Butler Fermilab, M.S. 120 P.O. Box 500 Batavia, IL 60510 Dear Joel, Tom Kirk, acting in his capacity as Deputy Director of SSCL, has asked me to help arrange a technical review of Dario Crosetto's "3D-Flow" processor project. This project has aroused considerable interest among high energy experiments; however, because of the forward-looking nature of the project, high energy physicists are often uncertain of its detailed technical feasibility, particularly of the processing elements. Via this letter, I am charging you with organizing the needed technical review. The results of the review will be used by SSCL in determining the level of support which this project should be given as part of the SSC closeout. You may formulate the detailed charge to the review committee. I recommend the following charge: Perform a detailed technical review of the "3D-Flow" processor project being conducted by Dario Crosetto of SSCL. The review should address the following issues: a) The technical feasibility of an integrated circuit implementation of the high-speed processing elements, including an estimate of the required development time and development costs, 46



b)



The technical feasibility of the proposed system implementation, including an estimate•of the required development time and development costs,



c)



The general suitability of this approach for implementationas a trigger processor for future high energy physics experiments, including practical issues such as flexibility in application to specific experiments, maintainability, and projected cost. d) Progress to date in developing this approach.Provide to the Deputy Director of SSCL awritten summary of the review addressing the above issues. If appropriate, the summary may also recommend appropriate goals for continued work on the project as part of the SSC closeout. The review panel should consist of at minimum the following:  a technical expert on digital IC design, preferably microprocessor design,  an additional digital electronics engineer,  two physicists expert on triggers. It may consist of other experts, for instance a technical expert who is also knowledgeable about commercialization of the processor for the high energy physics market. A physicist from the European HEP community should be considered. The committee may be expanded as convenient; however, I suggest that the review committee be kept sufficiently compact so as to facilitate a review date in the near future. The review should be held as soon as possible. It must be held before the new year in order to be useful for SSC closeout. It may be held at a location convenient to you and the reviewers in order to facilitate its timeliness. I suggest a one-day review, including time to draft the written summary. I do not believe that the review can be performed in sufficient depth in less time. In order to facilitate the in-depth nature of the review, detailed technical material on the project should be circulated to the reviewers well in advance of the review date. I believe that Crosetto already has prepared suitable materials. Sufficient time should be allotted for detailed technical questions from the review committee. In fact, I suggest only a very short formal presentation by Crosetto at the review, in order to allow time to adequately address the committee's questions. Since this review may be of interest to a number of members of our community, you may choose to publicize it to at least the leaders of trigger groups of current and future experiments. Such interested parties could submit their comments to you, as head of the review, and to Dr. Antony Montgomery, Director of the Office of Research and Technology Applications, SSCL. Thank you for conducting this important review. I regret that I will be unable to participate. Sincerely, Andy Andrew J. Lankford SDC Electronics Subsystem Manager Dear Bob, Below is an excerpt of the letter from Andy Lankford, head of the SDC electronics group, to me asking me to set up the review. It contains the basic elements of the charge. After the charge, I include several concerns that have been raised, and which are in the nature of personal communication and not part of the charge, Best wishes Joel 47



The Charge: (From Andy Lankford, via Joel Butler) Tom Kirk, acting in his capacity as Deputy Director of SSCL, has asked us to help arrange a technical review of Dario Crosetto's "3D-Flow" processor project. This project has aroused considerable interest among high energy experiments; however, because of the forwardlooking nature of the project, high energy physicists are often uncertain of its detailed technical feasibility, particularly of the processing elements. Via this letter, I am charging you with organizing the needed technical review. The results of the review will be used by SSCL in determining the level of support which this project should be given as part of the SSC closeout. The detailed charge to the review committee is as follows: Perform a detailed technical review of the "3D-Flow" processor project being conducted by Dario Crosetto of SSCL. The review should address the following issues: a) The technical feasibility of an integrated circuit implementation of the highspeed processing elements, including an estimate of the required development time and development costs, b) The technical feasibility of the proposed system implementation, including an estimate of the required development time and development costs, c) The general suitability of this approach for implementation as a trigger processor for future high energy physics experiments, including practical issues such as flexibility in application to specific experiments, maintainability, and projected cost. d) Progress to date in developing this approach. Provide to the Deputy Director of SSCL a written summary of the review addressing the above issues. If appropriate, the summary may also recommend appropriate goals for continued work on the project as part of the SSC closeout.
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APPENDIX B: letter of support by the Head of FERMIlab Computing Division FEB-27 95 MON 12:24 ID:FNAL COMPUTING WH TEL NO: 708-840-2783 #110 P02 Fermi National Accelerator Laboratory P,O,8ox 600 • Batavia, Illinois • 84510 700440.4146 [email protected] Computing Division Joel Butler February 27,1995 To whom it may concern, About one year ago Fermilab conducted a review of the proposal by Dario Crosetfio for the development of a 3D-Plow Architecture for triggering in high energy physics experiments. The review committee consisted of five electronics experts and three physicists, all acknowledged to be experts and actively involved in trigger Issues. This review committee found the design to be promising for its potential in HEP triggering and possibly elsewhere, and to be a technically sound and feasible approach. The 3D-Flow Architecture offers the possibility of performing decision-making, image-processing, and pattern recognition in a flexible manner – because of its inherent programmability – and at higher speeds than conventional approaches – due to parallelism. The high degree of connectivity between processors, is an especially significant advantage of the proposed system. These elements make it a promising approach to solve many problem, ranging from high speed triggering applications in High Energy Physics to image processing applications of significance in the commercial sectors. The model developed so far, which is a fully documented design and a simulation, Can be 'plugged in' to a larger simulation framework to test the applicability of this approach. The model is, therefore, an important step in itself which allows designers to make informed choices. Using this model, Dario has demonstrated the versatility of the approach. Work to advance the realization of the model in actual hardware would also be of great interest and benefit not only to the High Energy Physics community but to several other application areas. Prototype development would result in the solution of several system and integration problems and would reassure potential users that the technology was viable. Similarly, the development of a support environment is an important step in producing a usable product. As far as applications to High Energy Physics, at present the 3D-Flow project is the only detailed study demonstrating the feasibility of executing several level-1 trigger algorithms of different experiments. I would like to strongly endorse funding to build this chip for the benefit that the HEP community will stand to gain. If this chip was to be available ‘off-the-shelf’, it would undoubtedly be of interest to the scientific community and will save the cost of designing several separate ASICs. Joel Butler Head, Computing Division cc: T. Nash J. Venard 49



[1] Crosetto, D.: "3D-Flow Processor for a Programmable Level-1 Trigger," Computing in High Energy Physics, CHEP92, 21-25 September, 1992, Annecy, France, 803-806. [2] Crosetto, D.: "3D-Flow Processor for a Programmable Level-1 Trigger," SSCL-Preprint-164, Nuclear Science Symposium (NSS), Medical Imaging Conference (MIC), Orlando, Florida, October 25-31. 1992. [3] Crosetto, D.: "Calorimeter Programmable Level-1 Trigger," III International Conference on Calorimetry in High Energy Physics, Corpus Christi, Sept. 29-Oct. 2, 1992. Editors James Siegrist and Phyllis Hale, Publisher: World Scientific, pp. 553-566. [4] Crosetto, D.: A fast cluster finding system for future HEP experiments. Nuclear Instruments and Methods in Physics Research A311 (1992) pp. 49-56 [5] Crosetto, D.: "A modular parallel processing system for trigger decision and DAQ in HEP experiments," Nuclear Instruments and Methods in Physics Research, A315, (1992), 487-490. [6] Crosetto, D.: “A modular VME or IBM PC based data acquisition system for multi-modality PET/CT scanners of different sizes and detector types.” Presented at the IEEE Nuclear Science Symposium and Medical Imaging Conference, Lyon, France, 2000, IEEE-2000-563, https://drive.google.com/file/d/0BxWfo2ViJ6r5MTBoTVRucF9CREU/view?usp=sharing [7] Crosetto, D.: “Real-time, programmable, digital signal-processing electronics for extracting the information from a detector module for multi-modality PET/SPECT/CT scanners.” Presented at the IEEE Nuclear Science Symposium and Medical Imaging Conference, Lyon, France, 2000, IEEE-2000-567. https://drive.google.com/file/d/0BxWfo2ViJ6r5d1NENTRkSUg2NVU/view?usp=sharing [8] Crosetto, D.: “400+ times improved PET efficiency for lower-dose radiation, low-cost cancer screening.” Book: ISBN 0-9702897-0-7. 2000. Available at Amazon.com, https://drive.google.com/file/d/0BxWfo2ViJ6r5WVFVWnJteENqMWc/view?usp=sharing
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