A study of net w ork-based data acquisition system Y oshiji Y asu a , Hirofumi F ujii a , Eiji Inoue a , Hideyo Ko dama a , Y asunobu Sak amoto b a Dep artment of Physics, National L ab or atory for High Ener gy Physics ,Oho 1-1, Tsukub a, Ib ar aki 305, Jap an b Dep artment of Physics, Y amagata University, kojir akawa 1-4-21, Y amagata, Y amagata 990, Jap an Netw ork technologies such as Jav a and Microsoft ActiveX may b ecome p ow erful to ols to construct the distributed and scalable data acquisition system(DA Q). W e hav e developed Jav a interface to CAMAC and inv estigated the application of HORB(distributed Jav a) to the DA Q. W e hav e also ev aluated Microsoft OLE- automation technique(OCX) with combining the ob jects to Excel as the analysis pro cess ov er net w ork. The p ossibilities and the scal- ability of the netw ork distributed DA Q system with test-b ed hav e b een also ev aluated. Key wor ds: Distributed DA Q; Ja v a; HORB; ActiveX; OLE; Excel; 1 Motiv ation and Overview Distributed database, Graphical User Interface(GUI), platform indep endence are imp ortan t elemen ts for next generation of D A Q. The DA Q requires multi- ple computers and then the management of the database b ecomes complicated. WWW bro wser such as Netscap e makes the GUI design easy . The softw are of the DA Q should b e platform indep endent as p ossible b ecause of the p orta- bility and the scalability . Recent distributed ob ject tec hnology ma y solv e the problems? Needless to say , ob ject oriented metho dology has go o d character- istics such as data encapsulation, p olymorphism and inheritance to build the DA Q. When we think the distributed database for the DA Q, the problem of where to put the data o ccurs. The answer is that the data should b e placed at where the communication cost is lo w est, but the problem is whether it is easy to describ e the distributed database or not. The p erformance is also the problem. W e thought we had to choose the go o d to ol. Therefore, W e ha v e Preprint submitted to Elsevier Preprin t 21 F ebruary 1997 inv estigated the feasibility of the distributed ob ject tec hnology on the DA Q using Jav a, HORB[1] and OLE[2]. Jav a and HORB provide p ow erful netw ork computing. HORB is Ja v a plus ORB (Ob ject Request Brok er) and parallel & distributed & p ersisten t ob ject oriented language. HORB architecture is shown in Fig.1. There is no IDL( Interface De�nition Language of CORBA[3] ). Therefore, we do not need to learn the language. The name space of HORB is similar to that of WWW. It is very easy to make remote metho d call( inv ocation ) in synchronous or asynchronous wa y . Daemon ob jects can b e run easily . WWW browser suc h as Netscap e is common user in terface for many D A Q users. Therefore, the browser is conv enien t for the op eration and the monitor of the DA Q. When we mak e client applet with WWW browser, HORB has p o w erful features. First, HORB client applet can access nativ e metho ds written in C language, but the Ja v a do es not. Native metho ds whic h w ere already made will b e used in the DA Q and we ma y make the metho ds for the p erformance issue. The security of Ja v a is excellent while HORB has the distributed Access Con trol List. HORB also pro vides ’in vitation’ mechanism that enables a server to call metho ds of a client, but Ja v a do es not. Because some ob jects in the DA Q system should b e sav ed and/or retriev ed, the p ersisten t ob jects are necessary . HORB provides distributed p ersisten t ob jects b y simple remote ob ject storage. Microsoft ActiveX also pro vided similar functionality . OLE is sp ecial proto- col of Microsoft while Jav a is op en and can run on many platforms. ActiveX is the um brella name which consists of Active Controls and Active Do cu- ments. OLE is an implementation of the Comp onent Ob ject Mo del(COM). OCX(OLE Custom Controls) can run in COM/Activ eX architecture. Po w er- ful analysis/display program, e.g., Excel can b e com bined to the OCX easily . This feature is quite attractive for end-users. 2

2 Developmen t and Inv estigation W e provided PC/Lin ux with CAMAC system and some w orkstations. The PC is Gatew a y2000(P5-120)/Lin ux2.0.0 with gcc2.7.2. A CAMA C Scaler w as in the CAMA C Crate with CC7x00 Crate Con troller[4]. KEK standard CAMAC library for the Crate Controller was already developed. W e hav e developed Jav a interface to the CAMAC library[5]. The user inter- faces ha v e b een sligh tly mo di�ed to mak e it �t in ob ject orien ted wa y . The version of the Jav a is 1.0.2. W e hav e inv estigated \remote metho d call" for distributed D A Q by using HORB1.3.b1 and Netscap e3.0. There are tw o examples. One is that a serv er program using Ja v a without HORB read data from CAMA C Scaler and then Netscap e display ed the data b y b eing browsed. Another is that HORB applet read data from CAMAC Scaler on remote computer and then Netscap e dis- play ed the data. The Fig.2 shows Scaler monitor without HORB and Fig.3 shows Scaler monitor with HORB. W e also ha v e inv estigated the p ossibility to use the Excel for the remote data analysis. OLE supp orts the automation which supplies public data and public metho d accessible b y the client. W e hav e made an example serv er using the automation. The ob ject w as remotely called on another computer whic h Mi- crosoft Excel run. The clien t program is written in Visual Basic in the Excel. The server also read data from CAMA C Scaler via a simple WWW server and then the Excel displa y ed the data. Fig.4 sho ws the Excel with the OCX server. 3

W e hav e made a netw ork-based small test system whic h consists of tw o data sources and one destination. The destination distributes the data to analyzers, which consist of Excel and Netcap e with HORB program. A server program written in Ja v a language as the source tak es Scaler data from a CAMAC Crate. The program sends the data to the destination via a sp ecial TCP/IP p ort. The program on the destination is also written in Ja v a. Another serv er program written in Jav a as another source generates data on a w orkstation and sends the data to the destination in same wa y . Then, the program on the destination sends the data to tw o analyzers alternativ ely . One of the analyzers is Excel on one computer and another one is Netscap e with HORB applet. The data with HTML header were sent to tw o analyzers in same wa y . 3 Conclusion The distributed database has b een written easily by using the daemon ob jects of HORB. The \sync hronized" statement of Jav a was p ow erful for exclusive pro cess. HORB applet programming was go o d. The \remote metho d call" of HORB made the remote program easy . Excel with OCX w as useful. Jav a with HORB and Excel with OCX hav e made the D A Q design easy . How ev er, the inv estigations still remains. F rom p erformance issue, the in v estigation of those to ols is not enough. F rom real-time issue suc h as the schedulabilit y , those to ols on real-time OS including micro-kernel based OS is not ev aluated y et. References [1] http://ring.etl.go.jp/openlab/horb/ [2] http://www.microsoft.com/oledev/ [3] http://www.corba.org/ [4] TOYO Corp oration, User’s Guide of CC7000 & CC7700 Crate Controller for CC/ISA & CC/PCI [5] Y asunobu Sak amoto and Y oshiji Y asu, Beginner’s Guide to CAMAC Data Acquisition using Jav a language( to b e published ). 4