A White Paper

Solaris OpenWindows

ToolTalk in Electronic Design Automation

© 1991 by Sun Micr osystems, Inc.—Printed in USA. 2550 Garcia Avenue, Mountain V iew, California 94043-1 100

All rights r eserved. No part of this work cover ed by copyright may be r eproduced in any form or by any means—graphic, electr onic or mechanical, including photocopying, recording, taping, or storage in an information r etrieval system— without prior written permission of the copyright owner .

The OPEN LOOK and the Sun Graphical User Interfaces wer e developed by Sun Microsystems, Inc. for its users and licensees. Sun acknowledges the pioneering ef forts of Xerox in resear ching and developing the concept of visual or graphical user interfaces for the computer industry . Sun holds a non-exclusive license fr om Xerox to the Xer ox Graphical User Interface, which license also covers Sun’s licensees.

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosur e by the government is subject to r estrictions as set forth in subparagraph (c)(1)(ii) of the Rights in T echnical Data and Computer Softwar e clause at DF ARS 252.227-7013 (October 1988) and F AR 52.227-19 (June 1987).

The pr oduct described in this manual may be pr otected by one or mor e U.S. patents, foreign patents, and/or pending applications.

TRADEMARKS

Sun Micr osystems, the Sun Logo, NFS, NeWS and SunLink ar e register ed trademarks, and Sun, SunSoft, the SunSoft Logo, Solaris, SunOS, AnswerBook, Catalyst, CDW are, Copilot, DeskSet, Link Manager , Online: DiskSuite, ONC, OpenW indows, SHIELD, SunV iew, ToolTalk and XV iew ar e trademarks of Sun Micr osystems, Inc., licensed to SunSoft, Inc., a Sun Micr osystems company . SPARC is a r egister ed trademark of SP ARC International, Inc. SPARCstation is a trademark of SP ARC International, Inc., licensed exclusively to Sun Microsystems, Inc. Pr oducts bearing SP ARC trademarks ar e based upon an ar chitectur e developed by Sun Micr osystems, Inc. UNIX and OPEN LOOK ar e register ed trademarks of UNIX System Laboratories, Inc. X W indow System is a pr oduct of the Massachusetts Institute of T echnology .

All other pr oducts r eferred to in this document ar e identified by the trademarks of the companies who market those pr oducts.

TableofContents

Executive Summary 1 Introduction 1 ToolTalk Services 2 CFI 1991 Integration Pr oject 4 Conclusion 10

iv SunSoft

ToolTalkinElectronicDesignAutomation

Ricki Frankel

Executive Summary

Faced with incr easingly complex design challenges, Electr onic Design Automation (EDA) users ar e demanding gr eater cooperation among tools fr om multiple EDA vendors. At the heart of the framework technologies emer ging to support these needs, is a flexible inter -tool communication (ITC) mechanism. ITC capabilities will become incr easingly important to EDA tool developers, framework vendors and EDA users alike. T oolTalk^™ is part of Solaris^™ OpenW indows^™ , from SunSoft^™ . Solaris is a single, integrated distributed computing solution. It is comprised of SunOS^™ , ONC^™ , OpenW indows, DeskSet^™ , and OPEN LOOK^® .

ToolTalk pr ovides such a mechanism and intr oduces a new concept of support for network-wide application services. This support will become incr easingly vital in the 1990s for the development, integration and use of tools in highly coordinated, multivendor tool sets. T oolTalk was demonstrated in the CAD Framework Initiative’s 1991 Integration Pr oject. It supports critical ITC requir ements today and will allow the cr eation of highly interactive, multivendor tool envir onments based on the standar d framework technologies of tomorr ow.

Intr oduction

Increasing design complexity continually augments engineers’ needs for compr ehensive EDA solutions r unning on mor e powerful platforms. Y et, no single EDA vendor can serve the full br eadth and depth of a design organization’s tool r equir ements, much less satisfy their unique demands. Lacking common intertool mechanisms, corporate CAD departments and tool integrators have consequently been for ced to use inflexible, tool-specific mechanisms to integrate and coor dinate multivendor tool sets. SunSoft’s ToolTalk pr ovides a mor e general alternative for tool integration and inter operability — one able to support distributed client/server computing envir onments. T oolTalk is a highly flexible interapplication communication mechanism that lets individual tools r equest and pr ovide services in the design envir onment without specific knowledge of the types or locations of other tools in the computing envir onment. T oolTalk thus serves as the foundation for multivendor , client/server EDA framework envir onments, as demonstrated in the CAD Framework Initiative (CFI) 1991 Integration Pr oject.

The ability of dif ferent tools to exchange data and generally cooperate on broad design tasks has pr eoccupied the EDA industry for years. Rather than lacking available mechanisms, EDA tool developers have been faced with too many tool-specific mechanisms. Unfortunately , the available mechanisms support tool interaction at a very low level, with little of the application-level support r equir ed to cr eate coor dinated multivendor tool envir onments. In contrast, T oolTalk takes a dramatically dif ferent appr oach for tool interaction — one that raises tool developers’ focus above low-level communication mechanisms and lets them concentrate instead on using and delivering application-level services.

ToolTalk Services

ToolTalk offers a high degr ee of flexibility for application inter operability not unlike the flexibility for personal communications pr ovided by a public telephone network. Instead of tying two locations together with a physical wire, a public telephone network pr ovides a “virtual connection” between telephone sets; an individual user “connects” with the public network thr ough a particular telephone number that is r egister ed with the network. Any calls placed fr om any other user in the network to that number ar e automatically routed to the appr opriate telephone — all without any special need for action on the part of the r eceiver.

Existing methods for supporting tool inter operability r equir e tool developers to agr ee on the details of their tool interfaces, as if they had to hook up a wir e between their locations to communicate by telephone. Just as “virtual connections” between telephones have gr eatly simplified personal communications, T oolTalk gr eatly simplifies interapplication communications.

ToolTalk, however , dramatically extends this concept of a “virtual connection” between applications. Instead of building a specific link with a particular EDA tool, a ToolTalk-based application simply r egisters its inter est in particular types of messages with the T oolTalk server — and then continues executing.

When messages of that type occur , the ToolTalk server notifies the application program, which can then take appr opriate action. Furthermor e, an application can send a T oolTalk message to r equest particular services without knowing the pr ovider of those services, because the T oolTalk server will automatically notify the pr ovider .

Application-Specific Protocols

ToolTalk is the vehicle to facilitate tool interaction — much as a public telephone is a vehicle for interpersonal communications. It’s up to the users to determine what to say .

Thus, to cr eate inter operable tools, application developers need only agr ee on standar d message pr otocols — a set of high-level, well-defined, applicationspecific messages based on T oolTalk intertool communications mechanisms and services. A tool r egisters its inter est in particular messages by giving the ToolTalk server a set of “attributes” that define the characteristics of messages of inter est. When a message occurs, the T oolTalk server compar es the attributes of the message with the attributes of inter est to individual applications and notifies applications whose attributes match those of the message.

Attributes pr ovide a fine-grained mechanism for defining, selecting and using highly specific application-level services. For example, an application server can go online by sending a message with attributes that define its inter est in particular types of events. When client applications send messages with similar attributes, the application server will be notified, deliver its services and send a message indicating completion. The particular services, operations and notification pr ocedur es depend entir ely on the message pr otocols defined by tool developers.

By using standar d EDA-specific message pr otocols, EDA tool developers can support designers’ specific application needs involving interactions between various classes of tools such as schematic editors, logic simulators, physical design tools, and others. EDA developers can facilitate engineers’ tasks of creating timing-corr ect circuits, for example, by using a public message protocol that identifies cir cuit nets with timing violations. Her e, a schematic editor could r egister an inter est in information about nets with timing violations and continue supporting an engineer in modifying a schematic. Separately , a concurr ently executing timing analysis pr ogram would issue messages identifying timing violations on particular nets in the engineer ’s design. W ith each message, the schematic editor could highlight the corresponding cir cuit nets on the schematic. The benefit of this type of intertool coordination is a mor e immediate feedback mechanism to the engineer , which decreases design err ors and speeds the overall development pr ocess.

ToolTalk Benefits

ToolTalk’s highly flexible, generalized appr oach to intertool communication offers multiple benefits to EDA tool developers and users alike. Because ToolTalk eliminates the need for specific, “har d-wir ed” connections between applications, tool developers can write applications that coor dinate their operation with arbitrary tool sets. Instead of r ewriting pr ograms to support specific links with other applications, tool developers can cr eate tools that mor e easily coor dinate their activities in the users’ envir onment.

For their part, users gain the power of integrated tool sets and a mor e flexible ability to select tools. Instead of choosing a tool on the basis of its specific links with other applications, users can select a tool based on its functional capability . The ToolTalk mechanisms will let the tool automatically inter operate with the other T oolTalk-based tools in the design envir onment.

As organizations face even mor e complex design challenges, uniform inter -tool communications mechanisms such as T oolTalk will pr ove critical in supporting distributed computing envir onments comprising multiple workstations. Using these scalable pr ogram execution r esour ces, development or ganizations will be able to draw on multiple systems to support computationally intensive applications or scale them down to support multiple engineers with their individual needs. Furthermor e, as next-generation, object-oriented architectur es such as those pr oposed by the Object Management Gr oup emer ge, ToolTalk’s internal object-oriented ar chitectur e will pr ovide a smooth migration path to these sophisticated envir onments.

CFI 1991 Integration Pr oject

ToolTalk’s ability to support tool inter operability has alr eady pr oven to be important in EDA tool integration. T oolTalk served as the key intertool communication (ITC) mechanism r equir ed to support the CFI 1991 Integration Project — the CAD Framework Initiative’s demonstration of the use of standar d interface specifications for multivendor tool integration and inter operability . Using the CFI’s standar d interfaces, multiple tool developers integrated their tools in a heter ogeneous workstation envir onment and demonstrated their ability to shar e data, exchange contr ol information and cooperate during various design activities.

Project Architecture

In the CFI 1991 Integration Pr oject, a common framework uses a client/server architectur e to support interactions between two types of workstation-based EDA tools — pr oducers and consumers. Pr oducer tools r equest services fr om a separate design r epresentation (DR) server to cr eate new data, while consumer tools use these same services to r ead data for analysis and display . This DR server was separate fr om but complementary with the CFI ITC mechanism.

At the heart of the integration pr oject architectur e, a ToolTalk-based ITC mechanism pr ovides a virtual communications “bus” that lets developers “plug” their tools into the demonstration. (See Figur e 1.) Users communicate with tools thr ough the framework cockpit user interface, which invoke tools by transmitting messages via the ITC mechanism. For the purposes of the demonstration, a tool-contr ol pr ogram, called the Surr ogate Methodology Manager (SMM), transmits and r eceives messages to coor dinate pr oducer and consumer tools in an artificial sequence — just as a pr oduction contr ol-flow management tool might or chestrate tool sequences in support of a design organization’s actual development methodology . In addition, an ITC daemon monitor and design r epresentation server monitor each r ecord ITC and DR transactions, r espectively , for later inspection.

Figure 1 CFI ‘91 Integration Pr oject

Cockpit (Tool Encapsulation/ Invocation)

DR Server

ITC Daemon (ToolTalk Server)

TOOL Logic Simulator

TOOL Timing Verifier

TOOL Place and Route

TOOL Schematic

Editor

TOOL Behavior Simulator

TOOL Fault Simulator

The CFI ITC interface implemented on top of T oolTalk creates a “softwar e bus” into which CAD tools may be fr eely plugged and unplugged by the user . Installed tools automatically register themselves to send and r eceive messages they can understand and act upon.

The CFI demonstration highlights the complementary natur e of ToolTalk ITC capabilities with design r epresentation services, which let applications shar e data in a r epository such as a disk file or database management system (DBMS). While r epositories let EDA tools work with the same data to complete design tasks, an ITC mechanism is necessary to support cooperation between the tools and to or chestrate their separate activities in complex tasks. For example, if the schematic editor example described pr eviously did not have an ITC mechanism to notify it of nodes with timing violations, the schematic editor would need to scan some external file (or even the design database) to search for timing violation flags placed ther e by the timing analysis tool. At best, such a technique is cumbersome; at worst, its inflexibility would make it difficult to support designers’ evolving needs. Thus, an ITC mechanism serves a critical r ole in coor dinating flexible interactions among multiple tools in the EDA envir onment.

ToolTalk-Based CFI ITC Services

Because intertool communications ar e so fundamental to cooperative multitool envir onments, the supporting ITC mechanisms should be easy to use by tool developers. T oolTalk’s simplicity permitted the rapid development of interapplication communications services compliant with CFI ITC specifications. Fr om the time the CFI selected SunSoft’s ITC technology , softwar e engineers r equir ed only about six weeks to implement T oolTalk-based ITC services on the CFI demonstration’s five dif ferent platforms: DECStation^™ 5000/200, HP 433^™ , IBM RISC/System 6000^™ , Inter graph Model 6000^™ and SPARCstation^® 330.

Part of this pr ocess involved the development of an intermediate softwar e layer that implemented the CFI ITC interface library used by EDA vendors in the CFI demonstration. In fact, this intermediate softwar e layer pr oved to be a minimal development ef fort, because SunSoft’s active participation in CFI activities helped ensur e that ToolTalk mechanisms wer e fundamentally in agreement with CFI ITC interface specifications as they evolved.

As part of the CFI demonstration, SunSoft also worked with MCC’s (Microelectr onics and Computer T echnology Corporation) original ideas and cooperation to develop a separate application called the ITC monitor . The ITC monitor audited ITC messages and pr ovided a r eal-time display of messaging traffic to help attendees visualize the CFI demonstration’s underlying ITC activity.

The final piece of the T oolTalk-based CFI ITC mechanism was the definition of a set of message pr otocols to support the particular needs of the CFI demonstration. Developed by the CFI ITC T echnical Subcommittee (TSC), the CFI ITC message dictionary defines a set of message pr otocols r equir ed to support specific intertool operations, such as starting and stopping tools, reading and writing design data, highlighting nets, and mor e. (See Table 1.)

Table 1 Message Dictionary for DAC Demonstration

CFI 1991 Integration Project

Message Description ToolStarted Informs client tools that a particular pr oducer or consumer tool started r unning.

ToolFinished Informs client tools that a particular pr oducer or consumer tool stopped r unning.

ReplyStatus Informs client tools that a particular consumer has successfully initiated execution.

DesignOpened Informs client tools that a particular design data set was opened for access.

DesignChanged Informs client tools that a particular design data set was modified.

DesignW rite Requests a pr oducer to begin pr ocessing (writing to) a particular design data set.

DesignW riteDone Informs client tools that a particular design-write operation has been completed.

DesignRead Requests a consumer to begin pr ocessing (r eading from) a particular design data set.

DesignReadDone Informs client tools that a particular design-r ead operation has been completed.

Highlight Requests client tools to highlight a particular net. HighlightOf f Requests client tools to end highlighting of a particular net.

CFI ITC Deployment

Starting in mid-Febr uary, 1991, SunSoft engineers began delivering the actual ToolTalk ITC interface library code to participating EDA developers. In the first actual integration ef fort, two engineers r equir ed only two days to integrate CFI ITC capabilities into the Eur opean Jessi CADLAB framework. Subsequent integration ef forts at CFI headquarters in Austin, T exas, also pr oceeded smoothly . EDA developers participating in the CFI demonstration r equir ed little effort to use the T oolTalk-based CFI ITC mechanisms.

In the CFI demonstration, a particular EDA tool uses a two-stage pr ocess to interact with the T oolTalk ITC service. In the initial stage, the EDA tool registers its inter est in events in the envir onment. Her e, the tool uses the ITC library to pass a list of attributes that characterize the tool’s inter est in ToolTalk messages that will occur during the demonstration. The next stage comprises the tool’s specific interactions with other tools. Her e, the CFI ITC library provides information on message activity forwar ded by the ITC server .

CFI Scenarios

The CFI 1991 Integration Pr oject demonstration pr ovides various r untime scenarios to illustrate typical tool interactions in an EDA envir onment. In each case, the ToolTalk ITC mechanism plays a pivotal r ole in supporting inter operability among the multiple EDA tools fr om dif ferent vendors.

Among the various scenarios, one illustrates the complementary natur e of ITC and r emote pr ocedur e call (RPC) mechanisms. Her e, individual pr oducer and consumer tools use RPC mechanisms to access the separate DR server , which in turn r eads and writes netlist data on behalf of the r equestor . RPC effectively extends the CFI DR pr ocedural interface (PI) acr oss the network, permitting high-speed access to the dedicated DR server . Thus, these RPC mechanisms form a tight link between the client and server halves of the same interface.

ToolTalk ITC mechanisms come into play by pr oviding a highly flexible communications link between participating applications. In this same scenario, the ITC mechanisms specifically permit the SMM (Surr ogate Methodology Manager) to or chestrate the or derly access of individual pr oducers and consumers to the netlist data. A consumer tool could coor dinate its action with the pr oducer dir ectly by r egistering for the message ( DesignWriteDone) that the producer sends when it completes. This appr oach would, however , embed some knowledge about the pr oducer in the consumer , creating some degr ee of direct coupling between the particular consumer and corr esponding pr oducer tool. In ef fect, the SMM further decouples the consumer fr om knowledge about the pr oducer .

With ToolTalk, EDA tool integrators can easily extend this appr oach to support more complex tool workflow sequences. W ith conventional ITC appr oaches, tool integrators would be for ced to use specialized interface mechanisms to hard-wir e specific tool interactions in a multivendor tool envir onment. ToolTalk, however , enables a br oad set of tool interactions, and the user is permitted to choose which specific tool interactions to invoke — all within the broad context of an overall workflow . Thus, ToolTalk’s generalized intertool communications services pr ovide users with maximum flexibility in the use of multivendor tools, while permitting CAD managers to exer cise the level of contr ol they r equir e over the overall workflow .

Another scenario highlights the specific benefits of inter -tool communications in coor dinating “r eal-time” cooperation among multiple tools fr om dif ferent vendors. Her e, tools capable of highlighting cir cuit nets r egister their inter est in the Highlight message. When the user selects a cir cuit net for highlighting, a Highlight message alerts all inter ested tools, which in turn use their internal capabilities to highlight the appr opriate cir cuit net on the display .

ToolTalk’s flexible notification mechanism permits the activities behind this scenario to r emain intuitively simple. In contrast, conventional integration mechanisms would r equir e specialized, tool-specific interface mechanisms to support this conceptually simple highlighting operation. Similarly , integration appr oaches that tried to pass this information thr ough shar ed data representations would easily become bogged down, since the tools looking to highlight the user -selected nets would be for ced to scan lar ge databases or external files, looking for special flags indicating the nets of inter est.

Conclusion

Designers’ gr eater r eliance on multivendor tool envir onments dictates the need for powerful, yet flexible, intertool communications services to facilitate tool inter operability . ToolTalk responds to this need with mechanisms that let diverse EDA tools inter operate thr ough high-level, application-specific messaging capabilities. T oolTalk eases tool integration, because its simplicity lets EDA tool developers exploit its services with minimal code changes.

Furthermor e, ToolTalk lets users move easily to mor e powerful computing envir onments and computational paradigms. As design or ganizations move to more powerful distributed computing client/server envir onments, T oolTalk’s inher ent client/server ar chitectur e easily spans networks. Thus, design envir onments can scale up to distributed computing envir onments, yet r etain their investment in T oolTalk-based tools. T oolTalk servers automatically extend their scope to all clients in the network that r egister inter est in particular events. No code modification is necessary because the T oolTalk mechanisms let applications inter operate without r egard to the specific network configuration — or even to the specific application tools with which they cooperate.

Similarly, ToolTalk simplifies the migration of design or ganizations to mor e powerful computing paradigms such as object-oriented, message-based methods. T oolTalk’s internal message-based ar chitectur e facilitates migration to object-oriented methods as they emer ge from or ganizations such as the Object Management Gr oup.

As shown in multivendor tool inter operability demonstrations such as the CFI 1991 Integration Pr oject, ToolTalk simplifies tool integration and inter operability . For EDA users, the availability of this interapplication communications mechanism pr omises a fr eer choice of design tools and mor e effective use of individual tools within well-or chestrated tool sets.

12 SunSoft

SunSoft, Inc. 2550 Garcia Avenue Mountain V iew, CA 94043

For mor e information, call 1 800 227-9227.

Printed in USA 9/91 91032-0 1.5K