5. The user in terface The user in terface (�gure 1.) is designed to giv the user man graphical aids when building his/her appli- cations. In brief, the follo wing to ols are implemen ted using Hyp erNeWS programming en vironmen for SUN orkstations; (Hyp erNeWS is made Artur an Ho� of the uring Institute, UK). More detailed information ab out the sim ulator is ailable from authors. System editor; system-lev el design and parameters Program editor; for algorithm design Input editor; for making feed-forw ard connections op ology editor;for making lateral in terconnections Visualization to ol; for graphical monitoring Figure 1. Neural rogramming interface fo the Ca relia simulato r. References Hanson, W.A., Crutz, C.A., am, J.Y. (June 1987). CONE -Computational Net ork En vironmen t, Pr o- dings of the IEEE 1st International Confer enc on Neur al Networks pp. I-531-I I-545. Hec t-Nielsen R. (Marc 1988). Neuro computing: Pic king the Human Brain, IEEE Sp ctrum, 25 (3), pp. 36 41 Koikk alainen and Oja E.,The Carelia sim ulator: Dev elopmen and Sp eci�cation En vironmen for Neu- ral Net orks, to published in: Adv ances in Con trol Net orks and Large Scale arallel Distributed Pro cessing Mo dels, Ablex, NJ, 1990. Kohonen T. (1988). Self-or ganization and asso ciative memory (2nd ed.). Berlin: Springer erlag. Kraft, T., rostrom, S. A., MacRitc hie, B. Rogers A. E. (1989). The Sp ci�c ation of Concurr ent Backpr op agation Network using ctors San Diego, USA: Science Applications In ternational Corp oration Lee M.K.O (1989). PYGMALION: Europ ean neural computing researc pro ject. Pr dings of the Neur al Computing pp. 179-186. London: IOP Publishing Ltd. aik E., Gungner, D. and Skrzyp ek, J. (1987). UCLA SFINX-A neural net ork sim ulation en vironmen t. Pr dings of the IEEE 1st International Confer enc on Neur al Networks pp. I-367-I I-375. Rumelhart D.E. McClelland, J.L (Eds.) (1986) Par al lel Distribute Pr essing: Explor ations in the Micr ostructur es of Co gnition ol 1., Cam bridge, MA: MIT press Lindsa .H. and Norman D.A., Human Information Pro cessing, 2nd. Ed., Academic Press, 1977. The lo er the lev el categories are designed to matc what is kno wn ab out the brain; higher lev els in tend to imitate man-made algorithms what has een observ ed in uman information pro cessing. Most of the presen tly opular neural net ork algorithms are net ork-lev el yp e. The researc on nerv ous-system-lev el mo dels has not et caugh up with the opularit of the other mo dels, although it can exp ected with go reason that system-lev el net orks will and should pla an imp ortan role for neural net orks researc in the future. 3. Stages in neural programming algorithms Despite the di�erences in the computational algorithms, some common stages can detected. name these stages of computation forw ard computing, matc hing, and up dating. 3.1 orw ard computing stage This stage in the algorithm is where the neural outputs are computed from the giv en input pattern and the in ternal eigh ector. All these op erations are parallel in nature for set of neurons and therefore require no kno wledge ab out the state of the other neurons. 3.2 Matc hing stage In general this stage requires kno wledge ab out the state of all the neurons in the net ork. This kno wledge is used for co-op eration or comp etition et een neurons in the net ork. 3.3 Up dating stage In this stage neural units adjust their in ternal eigh alues. alues are functions of the con trols for the neurons that ere de�ned in the matc hing stage. Since all the information is in ternal to neuron, this stage can computed in parallel for the neurons selected for up dating. 4. The general computational mo del The mo del is based on the net ork-lev el of thinking. First ery simple neuron-lev el appro ximation is giv en to form basis for general net ork-lev el algorithms. The neuron-lev el computational unit is pro vided with op erands and op erations detected in most of the presen computational mo dels. These units are used in net ork-lev el unit, la er, whic is set of neurons pro vided with sup erset of neuron-lev el op erations. The realization of la er in the sim ulator is usually ell kno wn algorithm or part of it. Multiple la ers can de�ned and they can comm unicate with eac other. The nerv ous-system-lev el can built from suc com bination of la ers. 4.1 Neural op erands computational mo del of neuron is unit that op erates with set of neural op erands In our mo del there are op erands in the set x; ex; m; c; 4.2 Neural op erations The set of neural op erations are neuron-sp eci�c and therefore do not access information from other neurons. generic neural op eration, neur on; ), will up date the set for the neur on These op erations can only use the op erands of single neural unit. 4.3 La er op erands La er op erands are the ones connecting neurons in the la er with the outside orld. The basic ones are: input ector (shared all the neurons) extra input ector ex (shared all the neurons) output ector (outputs of all the neurons in the net ork) con trol ector (con trols of all the neurons in the net ork) memory matrix (memory ectors of all the neurons) 4.4 La er op erations La er op erations are sup erset of neural op erations. In the simplest case la er op eration, ay er ), erforms neuron op eration in parallel with all the neurons. La er op erations are the primitiv es that user can ho ose in neural net ork algorithm design. There are groups of these op erations, for computing and for comm unicating. The computing op erations can furthermore divided in �v basic yp es: parallel, con trol, pic king, targeting, and branc hing. 1. The State-of-the-art in neuro computer soft are This paragraph is summary of some of the est kno wn neural programming en vironmen ts, with selected features. More information on the sub ject can found from references: Hec t-Nielsen (1988);Hanson, Crutz am (1987); Koikk alainen Oja (1990); Kraft,F rostrom, MacRitc hie Rogers (1989); Lee (1989). aik, Gungner Skrzyp ek, (1987); Rumelhart McClelland, (1986). closer lo ok at these programming en viron- men ts rev eals similarities in their design. Man of them ha some higher lev el language for structural design of neural net orks. Algorithmic programming is done using ery traditional programming languages, in man times C, with the help of pro cedure or function library ANNE (Oregon graduate cen ter) Neural sim ulator for In tel iPSC ultipro cessor High lev el Net ork Description Language NDL Net ork op erations are built-in pro cedures OCHESTER CONNECTIONIST SIMULA TOR (Univ ersit of Ro hester) Sim ulator for connectionist net orks Net ork description language: C-programming language Net ork op erations are built-in pro cedures IBM CONE (IBM alo Alto) Neural programming en vironmen for IBM PC/A Net ork sp eci�cation language GNL (made using CC and LEX for C) Graphics displa UCLA SFINX (Univ ersit of California at Los Angeles) High lev el net ork sp eci�cation language Net ork op erations are built-in pro cedures Command in terpreter for user commands HNC ANZA (Hec t-Nielsen Neuro computer) Neuro computer co-b oard and dev elopmen en vironmen for SUN and PC Ob ject-orien ted sp eci�cation language AX ON pro cedure library SAIC DEL (Scien ti�c Applications In ternational Corp oration) Neuro computer co-b oard and dev elopmen en vironmen for PC Ob ject-orien ted sp eci�cation language ANSp ec PYGMALION (Univ ersit College, London Thomson-CSF) Neural de�nition language Algorithm library Graphic monitor ypically neuro computer implemen tation is not built on sp ecial "neural" hardw are. Sim ulations are run in normal sequen tial mac hines, the most opular ones eing PC’s and orkstations. Neural co-pro cessor oards ha usually some opular pro cessor lik 68020 with FP unit for extra computing er and therefore they are not really "neural" computers. This is understandable since more neural-lik hardw are do es not allo easy algorithm dev elopmen t. It seems more realistic that neural algorithms are dev elop ed in traditional computers and then transferred on to sp ecial hardw are. 2. Categories in neural mo deling It is useful to describ computational mo dels via di�eren lev els of organization and abstraction. Kohonen (1988) has found the follo wing categories of neural mo dels useful: 1. Neuron-lev el; studying the prop erties of neuron. 2. Net ork-lev el; the in terconnected net ork of neurons. 3. Nerv ous-system-lev el; comp eting or co-op erating net orks of yp 2. 4. Men tal-op eration-lev el; high lev el cognitiv op erations. NEURAL SYSTEMS DEVELOPMENT VIA CARELIA SIMULA TOR ASI OIKKALAINEN and ERKKI OJA SUMMAR In this pap er the dev elopmen strategies and the sim ulation en vironmen ts for neural net orks are studied. First brief review on neural net ork sim ulators is giv en to in tro duce the readers to the state-of-the-art in the �led. The rest of the pap er concen trates on the problematics of the sim ulation task. It is emphasized that an sim ulation exp erimen is not practical without generic mo del arc hitecture that allo ws the description of the neural net ork to giv en in structured en vironmen t. Suc framew ork also allo ws di�eren neural paradigms to implemen ted on arious hardw are platforms without extra ork. As result suggestion for general purp ose arc hitecture is giv en and it’s implemen tation, the Carelia sim ulator, is in tro duced. With this mo del user can de�ne net ork-lev el unit, la er, whic is set of neurons running neural net ork algorithm. Multiple la ers can de�ned and they can comm unicate with eac other. The system-lev el mo dels can built from suc com binations of la ers. The Carelia sim ulator mak es the design of algorithms and net ork structures ossible at higher lev el than in traditional programming languages. Users ha to ols for constructing the net ork arc hitecture and monitoring the net ork eha vior during dev elopmen phase. In teractions et een real orld data and neural net ork dev elopmen are made easy Keyw ords: Neural mo deling, Neural net orks, Sim ulators, Programming en vironmen Authors are with the departmen of Information ec hnology Lapp eenran ta Univ ersit of ec hnology .O.Bo 20, 53851 Lapp eenran ta, Finland This ork as supp orted ek es Gran 4196/1989 under Finsoft pro ject NEURAL SYSTEMS DEVELOPMENT VIA CARELIA SIMULA TOR ASI OIKKALAINEN ERKKI OJA COGNITIV A-90 MADRID Spain 20-23 No v. 1990, accepted.