Supp orting Design P atterns in a Visual P arallel Data- o w Programming En vironmen t Masashi T o y oda Bun tarou Shizuki Shin T ak ahashi Satoshi Matsuok a Etsuy a Shiba y ama Department of Mathematical and Computing Sciences T oky o Institute of T ec hnology 2-12-1 Oo ok a y ama Meguro-ku T oky o 152, JAP AN f toyoda,shizuki,shin,matsu,etsuya g @is.titech.ac.jp Cop yrigh t 1997 IEEE. Published in the Pro ceedings of VL’97, September 23-26, 1997 in Capri, Italy . P ersonal use of this material is p ermitted. How ev er, p ermission to reprin t/republish this material for adv ertising or promotional purp oses or for creating new collectiv e w orks for resale or redistribution to serv ers or lists, or to reuse an y cop yrigh ted comp onent of this w ork in other works, must b e obtained from the IEEE. Con tact: Manager, Cop yrigh ts and Permissions / IEEE Service Center / 445 Ho es Lane / P .O. Bo x 1331 / Piscata w a y , NJ 08855-1331, USA. T elephone: + In tl. 908-562-3966. If you p ost an electronic version of y our pap er, y ou m ust pro vide the IEEE with the electronic address (URL, FTP address, etc.) of the p osting. F or your conv enience, y ou ma y forw ard this information to our FTP site: /pub/incoming/cspress/W eb-pprs and w e will send it on to the Cop yrigh ts Departmen t.

Supp orting Design P atterns in a Visual P arallel Data- o w Programming En vironmen t Masashi T o y oda Bun tarou Shizuki Shin T ak ahashi Satoshi Matsuok a Etsuy a Shiba y ama Departmen t of Mathematical and Computing Sciences T oky o Institute of T ec hnology 2-12-1 Oo ok a y ama Meguro-ku T oky o 152, JAP AN f toyoda,shizuki,shin,matsu,etsuya g @is.titech.ac.jp Abstract We pr op ose the notion of visual design pattern (VDP), which is a visual abstr action r epr esenting de- sign asp e cts in p ar al lel data- ow pr o gr ams. VDP serves as a exible and high-level structur e of r euse for visual p ar al lel pr o gr amming. We intr o duc e d the sup- p ort for this notion into the visual p ar al lel pr o gr am- ming envir onment, KLIEG, al lowing de�nition and use of p atterns with simple and e asy interfac e. 1 In tro duction Design p attern approaches ha v e b een recently pro- p osed to describ e recurring design asp ects in ob ject- orien ted systems for enhancing softw are reusability . A design pattern is a do cument that describ es the com- bination tec hnique of abstract ob jects using diagrams, descriptions, and example programs. Catalogs of de- sign patterns such as [3] hav e b een published; with these catalogs, non-exp ert programmers can use w ell- designed com bination techniques, and can construct reusable soft w are by implementing abstract ob jects depicted by the patterns. Design pattern approaches are also imp ortant in visual parallel data- ow programming (VPDP). Our goal is to formulate the notion of design patterns which is suitable for VPDP , and to make it easier to de�ne and reuse design patterns, and also to reuse imple- men ted programs. It is, ho w ev er, di�cult to practice pattern-based design in VPDP , b ecause normal VPDP languages suc h as CODE [7] do not supp ort the notion of re- placeable comp onen ts. In an ob ject-orien ted design pattern, each abstract ob ject represen ts a replaceable comp onen t, and a particular b ehavior of a program can b e determined or mo di�ed by replacing comp o- nen ts in the pattern. Suc h essential mec hanisms to reuse designs and programs should also b e supp orted b y VPDP languages, but most lack systematic means to replace their comp onen ts. In addition, design information is imp ortant not only for do cumen ts, but also for programming en vi- ronments. F or ob ject-orien ted languages, there are already to ols that supp ort automatic co de generation from design patterns, suc h as [2]. How ev er, b ecause they do not main tain design information in the gener- ated program itself, it is di�cult to learn the inten tion of the program design, such as whic h comp onents can b e mo di�ed to c hange a particular b ehavior. Under these observ ations, we in tro duce reusable program structures based on data- o w diagrams, in which the designer can de�ne replaceable comp onents, and add design information directly to the structures. W e call these structures visual design p atterns (VDP). W e directly supp ort interactiv e de�nition, reuse, and even execution of VDPs in a visual parallel data- ow programming en vironmen t. Here are some imp ortan t design issues for a VDP system: Management of m ultiple sets of pro cesses A well-designed VDP will facilitate pro cesses which can b e implemen ted in several wa ys. Ho w ev er, changes to the pro cesses m ust often b e co ordi- nated, i.e., a set of pro cesses must b e used at once. Therefore it is necessary for the VDP sys- tem to allow management and manipulation of a set of pro cesses, so that the designer can allo w the user to select from an abstract set of pro cess implementations suc h as default , sample , and al- ternatives . F o cusing supp ort for pro cesses editing Since most VDPs are comprised of a numerous num b er of nested pro cesses, it is imp ortan t to as- sist the user on which parts of the giv en VDP he should edit on adding/mo difying some new func- tionality . Th us, a VDP system should facilitate a feature to fo cus the users editing actions on the particular part of VDP sub ject to editing. Visualizing execution of VDPs In order for the user to capture the b eha vior of a VDP , it is imp or- tan t for the execution of eac h instan tiated VDP to b e visualized and animated. This will mani- fest to the user design knowledge that dynamic and otherwise di�cult to do cumen t statically . Supp ort for consistency chec king Consistency c hec ks on pro cess instan tiation and replacemen t in VDP are desirable to impro v e usability . F or example, a user may instantiate a pattern with a wrong set of pro cesses; by incorp orating con- sistency chec king mec hanism in to a VDP system, suc h errors can b e chec k ed, or the op eration is in v alidated in the �rst place. F urthermore, such consistency information can b e employ ed to as- sist in the editing, when there are am biguities on whic h inputs connect to whic h outputs, etc. W e ha v e implemented a VDP system based on a vi- sual parallel programming environmen t KLIEG, which answ ers the ab ov e issues. KLIEG itself is a visual parallel data- ow language based on a parallel logic programming language, mo ded F GHC [10]. W e refer to a VDP in KLIEG as a KLIEG-VDP . Designers can de�ne KLIEG-VDPs that retain design information as patterns, and then users choose a pattern from a cata- log of KLIEG-VDPs in their programs and implemen t customized pro cesses in the pattern. The features of the KLIEG-VDP are as follo ws: � In KLIEG, a KLIEG-VDP is represen ted as a data- o w diagram that has some replaceable, non-instan tiated pro cesses called holes . Users can reuse the top ology of the KLIEG-VDP by instan- tiating the holes with customized pro cesses whic h are appropriate for the KLIEG-VDP . � A hole is allow ed to hold m ultiple pro cesses, one of whic h is v alid at a giv en time. This allows the designer to pro vide a default implemen tation, sev eral alternativ es, and sample co de for a hole in the KLIEG-VDP . The user can select an ap- propriate implementation of the hole from these alternativ es. � F or highlighting replaceable pro cesses, KLIEG- VDPs supp ort multi-focus �shey e-lik e viewing. The designer magni�es the pro cesses which should b e replaced together for changing a partic- ular b ehavior, and sav es the lay out with an ap- propriate name. The user can easily determine the replaceable pro cesses b y selecting the lay out. Figure 1: Master w ork er pattern � T o sho w the dynamic b ehaviors of pro cesses, KLIEG pro vides an execution tr ac er , whic h visu- alizes and animates the execution of the program. The user can see the b eha viors b y executing the sample co de. � KLIEG-VDP system facilitates t yp e c hec king and inference algorithm on comm unication p orts for consistency c hec king. By c hec king types, KLIEG presents only the appropriate pro cesses for a hole from multiple implementation choices. KLIEG also links replaced pro cesses as automatically as p ossible. 2 Visual Design P atterns on KLIEG In this section, we describ e the details of KLIEG- VDPs. A KLIEG-VDP is a data- o w netw ork dia- gram that has holes as parameters and that maintains the design information describ ed in the previous sec- tion. Data- o w net w ork diagrams are comp onents of KLIEG programs, and consist of pr o c esses with input or output p orts and links that connect input p orts and output p orts. A hole also has p orts, and can b e in- stantiated with pro cesses that ha v e at least the p orts of the same type. A net w ork diagram ma y b e con- structed hierarc hically from multiple netw orks. In the follo wing, w e sho w an example of KLIEG- VDP , and then describ e ho w the design information is maintained in KLIEG-VDPs, and ho w to de�ne and reuse them. 2.1 An Example W e show the master-worker pattern, which pro- vides a simple load balancing sc heme that inv olv es a master pro cess and a collection of work er pro cesses. Figure 1 illustrates the concept of the master-work er pattern. The master partitions a problem in to sub- problems and sends them to work ers ready to com- pute. The w ork ers are resp onsible for computing sub- problems. A w ork er returns the solution(s) of a sub-

Figure 2: Master-work er pattern in KLIEG problem to the master. When a w ork er completes the computation of a sub-problem, it noti�es the master that it is ready to compute again. By pro viding appro- priate masters and w ork ers, we can use this pattern for solving v arious parallel programming problems, such as ray-tracing and searc h problems. Figure 2 depicts the KLIEG-VDP that represen ts the master-w ork er pattern. The master w o rk er pattern is a net w ork constructed from tw o net w orks, master and w o rk ers , that corresp ond to the master pro cess and the collection of work er pro cesses, resp ectively . Both master and wo rk ers hav e some holes that repre- sen t pro cesses, whic h dep end on the problem to solv e 1 . These netw orks hav e p orts (represented b y white rectangles) to communicate with each other. An ar- ro w linking t w o p orts represents a stream that is a con tin uous data- ow b etw een the p orts. F or example, master has t w o p orts Wks and Ans to comm unicate with wo rk ers . The w o rk ers is de�ned using a r eplic ation network that replicates pro cesses dynamically , and connects those pro cesses. The replicated pro cesses in wo rk ers are represen ted b y three holes (recessed rectangles la- b eled w o rk er ), and an ellipsis, whic h abbreviates a set of pro cesses. Eac h w o rk er hole has an input p ort (the recessed rectangle lab eled Probs ) and an output p ort (the raised rectangle lab eled Ans ). Each replicated w ork er pro cess receives sub-problems from the Probs p ort, solv es them, and returns answers to the master via the Ans p ort. 1 Master is shrunken, so the details are hidden. Figure 3: Detail of master netw ork A replication netw ork has some sp ecial p orts that determine the num b er of replicated pro cesses and the top ology of the net w ork. F or example, the Wks p ort in wo rk ers is a map p ort that determines the num b er of pro cesses to generate by the num b er of received el- ements from the p ort, and maps eac h element to each pro cess. Master (at the b ottom-right of Figure 2) is a merge p ort that merges the output streams of all the pro cesses. Besides these p orts, w e can use br o ad- c ast p orts that broadcast received elemen ts to all the pro cesses. In Figure 3, the structure of the master hidden in Figure 2 is expanded by zo oming. The master net- work is comp osed of the generator and combiner hole, and the dispatcher pro cess. Generator simply generates a stream of sub-problems. Combiner receiv es answers from dispatcher and computes the �nal answ er. The dispatcher pro cess is the default implemen tation of the dispatcher hole. It receiv es sub-problems from gener- ator and messages from w o rk ers ( ready and answ er ). Then it sends the sub-problems to ready w ork ers, and sends the answers to the combiner . In addition, w e should also men tion that KLIEG- VDPs can b e combined hierarchically for construct- ing large-scale programs from smaller ones. T o con- struct KLIEG-VDPs hierarc hically , we merely instan- tiate a hole with an en tire KLIEG-VDP . In fact, mas- ter wo rk er is constructed in this w a y , i.e., master wo rk er has t w o holes, and these holes are instantiated with the master and w o rk ers net w orks. In the following sections, we will show the details

Figure 4: Alternative implementations of the de�nition and the use of the master w o rk er pat- tern. De�nition of net w ork diagrams can b e easily p erformed b y normal graph editors, so w e will con- cen trate on issues on de�nition and use. 2.2 Managemen t of Multiple Implemen- tations The designer can store a hole with m ultiple imple- men tations b y rep eated dragging and dropping icons of appropriate pro cesses on to the hole. Using this in- terface, the designer can pro vide a KLIEG-VDP with di�eren t kinds of implemen tations: Sample implemen tations By executing these im- plemen tations on the tracer, the user can under- stand the b ehavior of the KLIEG-VDP . Default implemen tations The most likely imple- men tations the user is lik ely to use. Alternativ e implementations The implemen tations that serve as the basis of user customization. Implemen tations in a hole are c hosen with a dialog b o x. Using the dialog b ox, the user can not only se- lect an implementation, but also change a particular sp eci�cation of an existing program 2 . W e found this 2 A well-designed VDP should b e able to change its sp eci�- cation b y replacing implemen tations in holes. is easier than dragging an implementation from the other mo dule ev ery time the user replaces an imple- mentation. As an example, we show how to pro vide m ulti- ple implemen tations for the master-work er pattern to solve search problems. When solving searc h prob- lems with the master-work er pattern, combiner migh t b e implemen ted indep enden t of the problem to solv e. Thus w e provide t w o implemen tations to combiner (Figure 4). On the top-righ t of Figure 4, the Imple- mentations dialog b o x is shown. The pass answers pro- cess passes through the answ ers from dispatcher to the output, and the count answers coun ts the num b er of answers. In addition, w e can change the treatmen t of an- swers from �nding all answ ers to �nding the �xed num b er of answers. This is done b y c hanging the dis- patcher pro cess to the pro cess that terminates all the work ers when it receiv es the �xed num b er of answ ers from w o rk ers . T o p erform this, w e only add an im- plementation of a new dispatc her to dispatcher hole. On the b ottom-righ t of Figure 4, a dialog b ox shows the one ans dispatcher pro cess for �nding single an- swer, and the n ans dispatcher pro cess for �nding n answers.

Figure 5: Changing la y out for mo difying b ehaviors 2.3 F o cusing Supp ort for Pro cesses Edit- ing The designer can show which pro cesses should b e mo di�ed to change a particular b ehavior of a KLIEG- VDP b y sa ving a �shey e-view ed lay out of the KLIEG- VDP with an appropriate name. The user can select a la y out by the b ehavior name and can easily �nd out whic h pro cesses should b e mo di�ed. Using m ulti-fo cus �shey e viewing, w e can obtain a la y out in whic h all related comp onen ts are magni�ed in a single view, even if they are separated from eac h other on screen. In such a view, we can see the details of the comp onen ts and the o v erview of the net w ork at the same time. In addition, the editor of KLIEG animates transition from one la y out to another la y out, so that the user is not confused even if the lay out drastically changes. When the user intends to c hange a particular b e- ha vior of a program, the user selects an appropri- ate la y out and replaces the magni�ed pro cesses. The c hanges to a KLIEG-VDP in one lay out view are re- ected in other lay outs. W e use a zo oming algorithm that resembles the con tin uous zo om algorithm[1], whic h supp orts m ulti- fo cus �shey e viewing of hierarc hically-organized net- w orks such as KLIEG programs. W e cannot use the contin uous zo om algorithm directly , b ecause it lac ks the facilit y for editing such as av oiding ov erlapping of graphical ob jects during la y out mo di�cation. Our zo oming algorithm av oids o v erlapping automatically , and also supp orts saving and reco v ery of lay outs. As an example, w e sho w t w o lay outs of the master- work er pattern for search problems. One is for c hang- ing the problem to solve, and the other is for c hanging the treatmen t of the answers. Figure 5 depicts t w o lay outs and a dialog b o x for c hanging la y outs. The lay out on the left is for c hanging the problem. T o change the problem, the user m ust change the gener- ator and the wo rk er magni�ed in the editor. Another lay out on the righ t is for changing the treatmen t of the answ ers. Similarly , the treatment of the answ ers can b e c hanged b y mo difying combiner or dispatcher magni�ed in the editor. 2.4 Visualizing Execution of KLIEG- VDPs The user can observe the b ehaviors of KLIEG- VDPs b y executing a sample program with the tracer. As an example, w e show the sample program that solves the N-Queens problem using the master wo rk er pattern, and its execution on the tracer. The program in Figure 6 was constructed b y selecting the lay out for changing the problem (Figure 5), and instantiating the

Figure 7: Executing the N-Queens program on the tracer Figure 6: Solving N-Queens problem using mas- ter w o rk er holes with pro cesses for the N-Queens problem. In the master net w ork, the p orts Size and Depth 3 are added for inputting the searc h parameter, and the Answ er p ort is added to output answers. Figure 7 shows a snapshot of the execution of the N-Queens program in the tracer. The tracer animates the transition of the netw ork during the execution, while main taining the top ology of the pattern in the program. This is p ossible b ecause the design infor- mation of the KLIEG-VDP can b e referred from the runtime system of KLIEG. The tracer can also sho w the conten ts of streams. Thus the user can easily rec- ognize the KLIEG-VDPs used in the program, and can observe the b ehaviors from the animation and the conten ts of streams. The tracer also supp orts �shey e viewing, so the user can navigate through large-scale netw orks using automated zo oming of imp ortan t parts of the program. 2.5 Chec king Consistency Using T yp es T o further impro v e the user in terface of KLIEG- VDPs, w e emplo y type c hec king and inference of p orts of pro cesses. Using type information, KLIEG can re- strict the p ossible candidates for a hole, and can con- nect p orts of pro cesses automatically . 3 They are singleton p orts that receiv e only one datum

Figure 8: Chec king p ort t yp es of the work er As an example, Figure 8 shows the situation where the generator hole has b een instantiated with nqueens gen pro cess that generates sub-problems for the N-Queens problem. In this case, pro cesses that ha v e no relev ance to the N-Queens problem should b e disabled when the user instan tiates the w o rk er hole or selects the work er pro cess. T o detect this, the p ort t yp e of Probs of nqueens gen is propagated to dispatcher and then to the wo rk er holes b y the t yp e inference algorithm, so that pro cesses except for nqueens w o rk er are disabled in the Implementations di- alog b o x (at the b ottom-right of Figure 8). As another example, consider the case the user replaces dispatcher with another implemen tation. It w ould b e imp ossible to connect p orts automatically without type information, b ecause dispatcher has t w o input p orts and t w o output p orts, and can b e link ed in di�erent wa ys. In this case, KLIEG automatically connects the p orts correctly if the t yp es of all p orts are detected. In this w a y , the user do es not hav e to re- connect each p ort every time when replacing the pro- cesses. T o implemen t these t yp e c hec kings, w e use a con- strain t based t yp e analysis. The base language of KLIEG is mo ded F GHC [10], and our analysis tec h- nique is also based on the mo de-analysis algorithm of mo ded FGHC. W e omit the details of the algorithm for brevity; interested readers are referred to [10]. 3 Programming with KLIEG-VDPs F or users, programming using KLIEG-VDPs is sim- ple and easy . It can b e p erformed using the same in- terfaces for de�nition, namely dragging and dropping interface and dialog b o xes: 1. Select a necessary KLEG-VDP from a library , and drag and drop it on to one’s program. 2. If a sample co de exists, execute the co de with the tracer, and con�rm the b eha viors of the KLIEG- VDP . 3. Select a lay out corresp onding to the b eha vior to b e mo di�ed from the dialog b o x. 4. Lea v e the default implementation for a hole as is, if it is su�cien t. If not, select an appropriate implementation for eac h hole from its dialog b ox. If there are no appropriate implemen tations, im- plement necessary pro cesses for unsp eci�ed holes, and instantiate the holes with the pro cesses using drag and drop. 5. Add necessary p orts and links that are not de�ned in the KLIEG-VDP . 6. When c hanging the other b ehaviors of the pro- gram, rep eat the steps 3 to 5. 7. Execute the program and for change in b ehavior go bac k to step 3.

4 Related W ork There are many visual parallel data- o w program- ming en vironmen ts suc h as CODE[7], Meander[11], and SAA[6]. There are also environmen ts based on parallel logic programming languages lik e Pictorial Jan us[4], and PP[9]. Because these environmen ts lack the supp ort for VDPs, it is di�cult to replace a set of comp onents in data- ow diagrams. The user must man ually delete a set of pro cesses, create new pro- cesses, and link pro cesses appropriately . This is a tedious and time-consuming task. In KLIEG, holes can b e easily instan tiated with dragging and dropping with automated supp ort for linking p orts, etc. In VIST A[8], pr o c essors ma y ha v e an in ternal net- w ork of pro cessors. In particular, internal pro cessor called public pr o c essor can b e replaced by another pro- cessor with a compatible in terface. Although similar to VDPs, public pro cessors in VIST A are merely re- placeable, th us the user must search appropriate pro- cessors from libraries. In KLIEG, a hole can hav e al- ternativ e pro cesses, so the searc h for pro cesses is un- necessary . In addition, since VIST A sho ws only the list of public pro cessors, it is di�cult to kno w which pro cessors need to b e changed when m ultiple pro ces- sors should b e c hanged to obtain desired b eha vior. Holon/VP[5] uses an ob ject sharing technique to enhance reusabilit y of program. This tec hnique al- lo ws multiple net w orks sharing the same pro cess as their comp onents. This is usable for customizing ex- isting programs by adding functions, but di�cult for customizing b y r eplacing the functions, whic h is easy with KLIEG. F urthermore, w e can add functions to a pro cess b y adding another pro cess that implements the function and in tercepts input p orts of the pro cess. 5 Conclusion W e ha v e prop osed the notion of visual design pat- terns, which is exible and high-level structure of reuse, and in tro duce this notion in to the visual paral- lel programming en vironmen t KLIEG. A VDP main- tains design information through out all programming stages. Chec king consistency impro v es usabilit y and reusabilit y of comp onen ts in visual parallel data- o w language. In addition, designers and users can p er- form each task using the same simple user interfaces. In future w ork, we plan to supp ort in teraction di- agrams and proto col chec king on VDPs, to represent more information of designs. References [1] Lyn Bartram, Alb ert Ho, John Dill, and F rank Henigman. The Contin uous Zo om: A Con- strained Fisheye T ec hnique for Viewing and Nav- igating Large Information Space. In Pr o c e e dings of UIST ’95 , pp. 207{215, Nov em b er 1995. [2] F. J. Budinsky , M. A. Finnie, J. M. Vlissides, and P . S. Y u. Automatic co de generation from design patterns. IBM Systems Journal , V ol. 35, No. 2, 1996. { Ob ject tec hnology . [3] Eric h Gamma, Richard Helm, Ralph Johnson, and John Vlissides. Design Patterns { Elements of R eusable Obje ct-Oriente d Softwar e . Addison- W esley , 1995. [4] Vija y A. Saraswat Kenneth M. Kahn. Complete Visualizations of Concurrent Programs and their Executions. In Pr o c. 1990 IEEE Workshop on Visual L anguages , Octob er 1990. [5] Y uic hi Koike, Y asuyuki Maeda, and Y oshiyuki Koseki. Enhancing Iconic Program Reusability with Ob ject Sharing. In Pr o c. 1996 IEEE Sym- p osium on Visual L anguages , pp. 288{295, 1996. [6] Keng Ng, Je� Kramer, Je� Magee, and Narank er Dulay . A Visual Approach to Distributed Pro- gramming. In A. Zaky and T. Lewis, editors, T o ols and Envir onments for Par al lel and Dis- tribute d Systems , c hapter 1. Kluw er Academic Publishers, F ebruary 1996. [7] P .Newton and J.C.Bro wne. The CODE 2.0 Graphical Parallel Programming Language. In Pr o c. ACM Int. Conf. on Sup er c omputing , July 1992. [8] Stefan Sc hi�er and Joac him Hans F r� ohlic h. Vi- sual Programing and Softw are Engineering with Vista. In Visual Obje ct-Oriente d Pr o gr amming: Conc epts and Envir onments , chapter 10, pp. 199{ 227. Manning Publications Co., 1995. [9] Jiro T anak a. Visual Programming System for Parallel Logic Languages. In The NSF/ICOT Workshop on Par al lel L o gic Pr o gr amming and its Pr o gr am Envir onments , pp. 175{186. the Univer- sity of Oregon, 1994. [10] Kazunori Ueda and Morita Masao. Mo ded Flat GHC and Its Message-Orien ted Implemen tation Technique. New Gener ation Computing , V ol. 13, No. 1, pp. 3{43, 1994. [11] Guido Wirtz. Mo dularization and Pro cess Repli- cation in a Visual Parallel Programming Lan- guage. In Pr o c. 1994 IEEE Symp osium on Visual L anguages , pp. 72{79, 1994.