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Abstract. Mury is a formal verification system for finite-state concurreyg-s
tems developed as a research project at Stanford Univeltsitgs been widely
used for many protocols especially for multiprocessor earherence protocols
and cryptographic protocols. This paper reviews the hystérMuryp, some of
results that of the project, and lessons learned.

1 Introduction

Mury (pronounced “Murphy”) is a formal verification system forifexstate concur-
rent systems. It was developed by my group in the Stanfordddgity Computer Sys-
tems Laboratory during the 1990’s. It has been a fairly ss&fte project, resulting in
a widely-used tool and in a number of published researcHtsethat have influenced
other systems. Based on my discussions with members ofrdesagns, it seems that
Mury has been used at some point in the development of the cacbheecale protocols
for almost every major commercial shared memory multipssoe system. Mys has
also been used for a variety of other problems, includingfication of cryptographic
protocols [1, 2].

| learned much from the Myrproject about formal verification, the design of prac-
tical tools in an academic setting, and research stratelgg. Japer is a first-person
recollection of how the Mup project unfolded. It is intended to provide an overview of
some of the issues and technical advances in explicit statkehthecking, a realistic
portrayal of how a research project actually happenediimédion that does not appear
in the technical papers about My); and as a source of some hard-earned knowledge
about building a formal verification tool in an academic eomiment.

2 Early years

2.1 The motivation for the project

The Murp project came out of a desire to show that formal verificatiooig could
have practical value. When | arrived at Stanford, in 198vesa faculty and many
students in my building were involved in the DASH project, [8]arge effort to design
and build a shared-memory multiprocessor. The heart of th®&HDsystem was a cache
coherence protocol to maintain consistency between nheitfigtributed cached copies
of data from memory. Not surprisingly, when | polled thesbeagues about important
problems in the hardware verification area, they frequentintioned the challenge of
assuring the correctness of cache coherence protocols.



At about the same time, my research group was exploring th@Boolean deci-
sion diagrams (BDDs) for symbolic model checking of largeestspaces [4]. A BDD
is a data structure that compactly represents Booleanifunsdhat arise in practice [5].
The essence of BDD-based model checking is to compute tlohabke state space
using only operations on BDDs, so that explicit lists or ésbbf states never have to
be saved. BDD verification connected with cache coherenemwbkaw a talk by Ken
McMillan, then a PhD student in Computer Science at Carnigigibon University, on
verification of the Gigamax cache coherence protocol usib®$8][6].

A group of three PhD students, Andreas J. Drexler and AlaruAartdl C. Han Yang
and | decided to try the same techniques on a different caaherence protocol. Ken
had used the “m4” macro processing language to improvisserig¢ion language that
could be translated into BDDs. We attempted a similar apgrdaut, after a few weeks,
the students expressed the unanimous view that the mettofhnt@o labor-intensive,
and that we could accelerate the project by first buildingaadiator for a more user-
friendly description language. That language eventuabgimne Mup.

2.2 The Mur¢ description language design

The basic concepts of the Mpidescription language sprang from the UNITY model-
ing language of Misra and Chandy [7], which | had learned &bdew years earlier,
and found to be simple and appealing. In the UNITY model, a&oorent system is rep-
resented as a set of global variables and guarded commaats ggarded command
consists of predicate on the state variables, callgubed, and a set of assignments that
update those variables to change the state. The “contugtate” of a UNITY program
consists of a single infinite loop, which repeatedly exestid steps: (1) evaluate all
the guards, given the current values of the global variadtes(2) arbitrarily choose
one of the commands whose guard is true and execute it, ngdhg variables.

A UNITY model defines an implicit state graph, where eachesimin assignment
of values to the global variables. The initial values of theiables are specified as part
of the model. The commands define the next-state relatipnghd command has a
guard that is true in state and state is obtained by executing the assignments of that
command, then there is an edge freito ¢ in the global state graph.

Modeling concurrency in UNITY is trivial. UNITY has no notioof a process or
thread, but a process can be represented as a set of vaaadlesmmands. The joint
behavior of several processes is simply the union of thealsdgs and commands for
each process. This approach provides an asynchronousgavieg model of concur-
rency, where all synchronization and communication isuggtoglobal variables. Non-
deterministic choices by a scheduler are subsumed by théetemrministic choice of
which guarded command to execute on each iteration of UN§ToOp.

While preserving the basic concepts of UNITY, we quicklyfiduthat it was very
helpful to have more conventional programming languagsicants for the basic data
types of the language (records, arrays, integer subrargesyerated types, etc.) and
for the predicates and statements appearing in the commakds/en included “while”
loops in the commands, in spite of some initial concerns gpotential problems from
non-terminating commands (in retrospect, these conceens @ompletely unimportant
— infinite loops in commands are are rare, and easily detectddixed). Pointers and



heap-allocated memory were not included because of a desliscourage the writing

of descriptions requiring very large state representatitiris not clear to me that this
was a good decision, since it resulted in significant incaiemce when modeling some
software applications.

Mur¢p could check several kinds of properties. It could detectitezks, which were
defined as a state with no successors other than (possi&dyf) iMurp descriptions
are supposed to be deadlock-free. The user could also gpeedriants, which are
predicates on the state variables (in the Milasnguage) that are supposed to hold in
all global states. We soon discovered that assertions aodstatements embedded in
commands also very useful, because it is often easier tafg@ecerror condition in
the context of the logic of a rule than to separate it from thle.rFor example, users
frequently handle a range of possibilities with a “casetesteent or nested conditionals,
and want to add “otherwise, it is an error” for all the casest #ire not supposed to
occur. Whenever a new state is constructed, these proparieall checked and an
error message and error trace are produced if one is violated

The Murp model could be translated to logic by writing each command k-
cal relation, and then representing the next-state relatsoa disjunction of predicates,
one for each Mup command. This translation seemed attractive for BDD-based
fication, because BDD-based evaluation of reachabilitydmasutermost existentially
quantified variable which can be distributed over the disjiom of predicates, mini-
mizing the size of intermediate BDDs generated during thepdation (this trick is
very important to BDD computations; it is called “early qtifination”).

The three students began implementing the system. My estaih is that Andreas
worked on the description language translation, Alan wadre the BDD verifier, and
Han worked on examples. Unfortunately, we soon ran into adrailhere were effi-
ciency problems with the BDD verifier. As a interim measuraltow Han to work on
examples before the BDD verifier was functioning we deciaeiinplement a simple
explicit-state on-the-fly verifier for Myr, with the intention of throwing it away in a
few months.

Explicit on-the-fly verification is a simple depth-first ordadth-first search of the
state graph for a state that violates a property. An on-thaldlorithm checks each state
as it is created, so that an error can be reported before thie sat of reachable states
is explored. Such methods had already been used for proteddfication for over a
decade. The search algorithm uses two large data structurpseue of states whose
successor states need to be searchedy(tage) and a hash table of states that do not
need to be visited again (tise@te table).

2.3 Mury’s first major application

Shortly after we had our first working prototype of Myrl connected with Andreas
Nowatzyk, who was designing an experimental shared-memaifiprocessor at Sun
Microsystems called S3.mp [8]. | knew Andreas from the PhBgpam at Carnegie
Mellon University, where he had shared an office with MichBrdwne, another stu-
dent of Ed Clarke’s who was working on model checking. Andreacame familiar
with model checking through his officemate, and later workgith Ken McMillan,

who found a bug in an early version of the cache coherenceqobthat Andreas was



designing. We decided to apply Mutto this problem. I, personally, did much of the
work on this, and soon became the main user of p{urgenerated a long list of re-
quests for improvement in the language and the system to mai@re usable. Mup
improved rapidly, and we found several bugs and other issué®e protocol. Later,
Han Yang applied Mup to many problems related to S3.mp.

When working on the S3.mp protocol, we learned some thingsitaloow to use
Mury. For example, we discovered the importancel@fnscaling. It was impossible
to represent the protocol at the scale it was implementead, patentially hundreds of
processors and millions of cache lines. Instead, bugs dmutsften found with scaled-
down models having, for example, three processors and @olédine” with only one
bit of data. Using such a model, the verifier could exercisaeyrsubtle scenarios and
find bugs quickly in such a model that would be very difficulfital with system-level
simulation. Also, when a problem with a scaled-down modet @igcovered, it was
much easier to understand the problem than it would have bsielg a larger-scale
model [9]. Indeed, it was a good idea to try the smallest jpbssnodel that made any
sense at all, find and fix any bugs, and then scale the modeiglylgland repeat the
process. Changing scales was also useful whengvam up against capacity limits, by
allowing the user to increase the scale of one dimenggnthe number of cache lines)
while decreasing the scale of another dimenseom,(the number of processors).

It became obvious that Murneeded to support verification of the same model at
different scales with minimal changes to the descriptioe. fdind that easy rescal-
ability could be achieved with three simple features: (Ined constants, (2) arrays,
and (3) parameterized sets of commands. For example, aigemzdel could be writ-
ten forn processors. Each processor could have an associated nahiediex in the
rangel . ..n, the global state variables for processaould be stored in one or more
arrays at index, and the guarded commands for the processor could be naestdd a
ruleset, a new Mutp construct that defines a symbolic parameter to represeuica s
index. Each command inside a ruleset was actudiyrily of commands, one for each
possible value of the ruleset parameter. Each command emsa@dhe process index
to access the appropriate array element, and as a storedbéefer the name of the
process (for example, the process index might be stored ariable representing the
owner of a cache line). With such a representation, the nuwfgrocessors verified
could be changed simply by re-defining the symbolic constant

After these improvements, we found that useful resultsabel obtained with our
“interim” explicit-state implementation, and that we cd@ompensate for some of the
obvious efficiency problems with the verifier by judiciouswsf abstractions, as well
as generally minimizing the number of state variables.

2.4 BDD research

Meanwhile, Alan Hu was still struggling with the BDD-basegtifier for Murp. He de-
fined a somewhat simpler input language (eventually cal8dER”), so that he could
find out if BDDs could be made to work efficiently for the proile of interest before
investing the effort to handle the entire Mudescription language. It seemed that our
distributed cache implementations led to BDD blowup refgmsl of what we did. It
eventually dawned on us that there was an inherent probleamyMf the transactions



in the cache model involved sending a message from proceglssmprocesso3 and
storing the message. In the midst of such a transactionepsocd would be in a state
waiting for a response to the message it sent, procéssauld be in a state waiting for
a message, and the message itself would have “from” addfe$snd a “to” address
of B. All of these relationships would be implicit in a BDD repegsing the reachable
states of the system.

BDD variables must be placed in a single total order. As a, lBI2Ds explode in
size when highly correlated variables are widely separiatéuis total order. But there
seemed to be no way to avoid separating closely correlatéabl@s in the system we
were modeling, because there could be many transactionrsdegs at the same time,
and transactions could involve any pair of processors. $ariable order that put the
variables for processot and B near each other would separate variablesf@ndC,

A andD, etc., which also correlated. So the BDDs would always blpw u

We came up with a two ideas for reducing this problem. TheViest to note that,
in many cases, when there were several related variableg sbthem were actually
redundant — their values could be inferred from the valuestioér variables. For ex-
ample, the state of a process that has just sent a messagebmigldeterminable from
the contents of the message. One idea was to declare varidialearefunctionally
dependent on other variables, and treat them as abbreviations raltlaer as separate
variables [10]. This reduces some of the redundancy thatimgiBBDD blowup. Since
the declarations of functional dependencies could be writregverification algorithm
verifies that there really is a functional dependency bedapdoiting it.

Another, more general, idea was to maintain a list of sepdB&iDs for sets of
related variables, such as those in an individual processor the network, the con-
junction of which represented the reachable state spacst BIaDs would capture the
relationships between a small set of related variable) asche variables describing
the state of a processor. Since these BDDs had a small nuhbemiables, the related
variables could be close together. Other BDDs could focudiff@rent properties in-
volve different sets of variables (the sets of variablesdithave to be disjoint). There
would be a BDD at the end of the list that included all the Jalga, but the relations
captured in the earlier, smaller BDDs in the list would betdaed out of the large one,
to keep it small. So, in the best case, we would have seveall BBDs instead of one
huge BDD [11, 12].

Both of these ideas worked moderately well on artificial eglas, but we still could
not handle the S3.mp cache coherence protocol, and we ellgrdoncluded that there
were several different causes of blowup, each of which wasggom require a com-
plicated solution — if all were even solvable. We were nelae &0 verify distributed
cache coherence algorithms with BDDs. To my knowledge, reoalse has been able
to use BDDs successfully for this problem, even now.

3 Optimizations

3.1 State Reduction

Subsequently, another student, C. Norris Ip, joined thgeptoNorris and | noticed that,
in many of the examples, Myrwas searching many redundant states because of sym-



metry in the system description. For example, some of ouneaoherence examples
would have three different kinds of symmetry. Processaashe lines, and memory
locations could all be interchanged in a state without civanthe future behavior of
the system in any important way. More precisely, once a $tatkbeen visited and its
descendents searched without finding a bug, it was poirtessarch a state that was
identical except for a permutation of the processors [1B, 14

We also noticed that symmetries in our descriptions comedged to the use of nu-
merical indices, which were represented as subrange tpddsiip. Equivalent states
corresponded to different permutations of the elementh@dd subranges. If Mur
could standardize each state to find an equivalent repasenstate before looking
it up in the state table, the search algorithm would only&eéne descendants of the
representative state instead of all the states equivaléntit turned out that standard-
izing states was a difficult problem (at least as hard as gsaphorphism), but it was
possible to find reasonably accurate and fast heuristics.

However, if symmetry reduction were applied inapprophiatdentifying states that
were not equivalent, Myr could miss errors. The solution was to invent a new, more ab-
stract type for subranges (which we called a “scalarset)asof which could only be
assigned to variables, used as array indices, or used agtrplerameters. Under these
restrictions, it could be guaranteed that permuting themetds of a scalarset (which
were represented as small integers) would preserve stateagnce. So, symmetry
could be “declared” by change subrange declarations tausedb, and the Myrcom-
piler would detect any symmetry-breaking operations thigtinlead to missed error
states.

We made an important discovery when looking at graphs of thelrers of states
searched as a function of scalarset sizes. For some sdajdis® number of states
stopped increasing even as the size of the scalarset wasagett. We realized that
Mure could automatically verify an infinite family of systems,napletely automati-
cally, under certain circumstances! For example, if théessat types was only stored
in three places in a state, the representative state woutdtheaoriginal values to,

1, and2 — even ifs had a hundred possible values. We called scalarsets thatused
in this limited way “data scalarsets,” and the phenomenoere/tthe state graph stops
growing “data saturation.”

Scalar sets only captuffell symmetry, in which the members of the set can be
permuted arbitrarily. Other researchers have exploregrayipes of symmetry that can
occur in systems, [15-18] but full symmetry is easy to exprescurs frequently in
practice, and saves more states than other types of symmetiye made a choice,
in the engineering of Mys and in our research strategy, not to pursue the topic more
deeply.

3.2 Reducing the primary memory bottleneck

One of the major problems with explicit on-the-fly verificati as described above,
is poor locality of reference in the state table. The quelezlado store entire states,
because all of the information in each state may be necessagmpute the successor
states, so it uses a lot of memory. But the queue has goodtjochteference — states
that are in use tend to be located in memory near other staéaite in use — so most



of the states can be migrated to the disk without major logsefficiency when they
verifier is not using them. However, the state table, beingrgel hash table, has no
locality of reference. Once the size of the state table sguves the size of available
primary memory, parts of it are paged out to the disk, resglith slowdowns of many
orders of magnitude. Thus, available primary memory effebt limits the number of
states than can be searched.

Ulrich Stern, then a visiting student from Germany, joined group and began in-
vestigating whether we could reduce memory usage by usilggpilistic techniques
such as the bit-state hashing method pioneered by Holzmi#&n&(] or the hash com-
paction method that had recently been published by Wolpgtanoy [21,22]. These
techniques save memory, but at the expense of some prdpaitdt states (and, possi-
bly, errors) will be missed. Bit-state hashing does not jaf@any guarantees about that
probability, but Wolper and Leroy could provide an upper ibdon the probability of
missing an error, if the verifier completed without findingyamrors.

Instead of storing full states in the state table, the Walgoy scheme stored nu-
merical signatures, computed using a hash function. Theagiges were much smaller
than the states. In this method, states could be missed wkgrhave the same signa-
ture. If the signature of statq is stored in the table, angb with the same signature
is looked up, the verifier will find the signature of in the state table and mistakenly
conclude that the descendentssgthave already been searched, and never visit them.
If all of the error states are descendentsgfthis can result in missed errors.

Wolper and Leroy could bound the probability of missed exadter the completion
of the search by counting the number of states actuallypdsind computing the prob-
ability that two of them had the same signature. This numbeldcbe made reasonably
small if there were sufficiently many bits in the signatutd@stheory, the user could
raise that small probability to the'” power by verifyingn times with different hash
functions.

Uli's first improvement to this scheme was to improve the p@iility bound by
noticing that a state could only be missed if it had the sameasure as another state
and hashed to the same location in the hash table — so the log atiiéer of buckets
in the hash table could be used in place of bits in the sigaatur

A more significant improvement came from using breadth-$estrch. A particular
error statee, can be missed only if some state on a path from the starttetats missed
due to a signature collision. Hence, the probability of inige can be minimized by
minimizing the lengths of the paths searched by the verifihich is what breadth-
first search does. If search completes with no errors, theaibty that this answer
is incorrect is no greater than the probability that stateas missed. That probability
can be computed, after verification, from the maximum nunobé&readth-first search
levels and the number of states in the hash table. Empirjcaliny of the state graphs
of our applications had small number of levels, so this improent resulted in another
50% reduction in the number of bits required per state, wirdserving the same small
probability of missed errors.

Uli also discovered a way to make effective use of secondargge for the state ta-
ble. This idea was inspired by an earlier algorithm by A.Ws&uae [23]. Uli discovered
a simpler and more efficient scheme, which again relied oadihefirst search. Only



the current level of breadth-first search states are keptiingoy memory. Redundant
states within the same level are detected using a hash raplkemary memory. After
all the states in a level have been generated, the stores statthe disk are scanned
linearly, and states are deleted from the newly-computeddth-first layer when those
states are read off the disk. In practice, this algorithiovadid orders of magnitude more
states to be searched, with a small percentage increasejoutational overhead.

Parallel Mur

Hash compaction and the improved use of disk storage cau/éne storage bottle-
neck to a CPU-time bottleneck, in many cases. Fortunatdiyalsb devised a search
algorithm that made effective use of parallel computingsiuce the CPU bottleneck.

The basic algorithm is simple. The state table is partitibasmong many proces-
sors, and each processor “owns” the states that hash toritefpthe state table, so,
essentially, the states are allocated randomly to procesSiewly created states are
sent to the processors that own them. Those processors ainetker the states they
were sent are already in the state table. If not, the processoputes the successors
of the state and sends those to their owners. Uli also deeisexfficient (and correct)
distributed termination detection algorithm that workeelhin practice.

Parallel Murp is surprisingly effective at balancing the load. It exhgitlinear
speedup and high efficiency even with relatively large nunslo¢ processors (e.g., a
speedup of a factor of 44 to 53 when running on a 63-procegsters).

Conflict with liveness checking

The original plan for Mup was to implement checking for liveness properties as well
as simple safety properties and deadlock checking. Seandjark, another Stanford
PhD student, implemented checking for properties a simybset of linear temporal
logic (LTL) formulas that captured some of the most commesriess and fairness
properties, using a modified depth-first search algorithawéter, it seemed that every
major efficiency improvement conflicted with these algarith Symmetry reduction
of a state graph, as described above, does not preservedsenoperties, and it is not
simple to modify the symmetry reduction or liveness chegldlgorithms to make them
compatible (Later, Gyuris, Sistla and Emerson implementeder liveness checking
algorithms that exploit symmetry reduction [18, 24]).

The state table and disk optimizations relied heavily oradtie-first search. But
on-the-fly verification of liveness properties seem gemeraly on depth-first search
algorithms. Unfortunately, an efficient on-the-fly brea#itst search algorithm for live-
ness properties still does not exist.

Given a choice between verifying safety properties anchi#gs properties, safety
properties are probably more important in practice. Howewevould be better not
to have to choose, because liveness properties are aleonelyrimportant. | have had
several students in class projects develop protocolsttbgiterify successfully in Mys
only because the protocols livelock before they can readriam state.



4 Lessons Learned

Our team learned many lessons about verification, resetnaiegy, and tool design
from the Mukp project. Unfortunately, | have validated many of thesedasdy ignor-
ing them in other projects, and suffering the consequerférdings such as these are
rarely written in technical papers. | am writing them heré¢hia hope that they may be
of value to others.

Bug hunting is more rewarding than proving correctness.| had already learned this
in my graduate work, but our work on Marstrongly reinforced the lesson. Finding
bugs in a system is usually much easier than proving corestrand the impact is
usually greater. Designers of systems implicitly beligvattthe systems are correct,
so they are impressed, if not pleased, when a bug is foundtiédally, some people
don'’t believe proofs of correctness, but a bug is explamalnld demonstrable. This is
the justification for using Mup and similar tools on partial, abstracted, scaled-down
models of systems.

Start using the tool to solve real problems as early as posddy and make whatever
changes are necessary to maximize the tool's usefulnebsthe the best case, the user
is an implementer of the system (or, even better, the marddlee project, as | was in
the early days). The tool should be put to use as early aslppesso that improvements
in the tool can be driven by the demands of the problem. EveEy tudent who main-
tained (and rewrote) Myrwas also worked on challenging verification problems using
Mure.

This heuristic is helpful to ensure that a tool is useful fdeast one thing. That may
not seem to be an ambitious goal, but it is frighteningly eéasyake tool that is useful
for no applications, because of faulty intuition about the answercrucial questions,
such as “What are the critical language features?” and “@&/laee the performance
bottlenecks?” However, using the tool on a real problem vapydly reveals these mis-
conceptions. Useful additional features and optimizatiomll become apparent with
use; more importantly, many complex and difficult featurdsmwever be implemented
because they are never really needed.

To keep the tool in use, it is necessary to respond to demariddyj This pressure
leads to creative enhancements to the tool that solve this pseblems with minimal
redesign and implementation — and these solutions oftendut to be better for the
system and user than a feature requiring more elaborateimgpitation. (However,
over time, a certain number of sub-optimal but expedienisitats accumulate, and the
tool needs to be redesigned and reimplemented more-ofrtaasscratch. Mup has
been completely re-written at least four times.)

Almost every decision in the design of the Mulanguage and verifier was pro-
foundly affected by this application-oriented philosopie abandoned BDDs because
we found they did not work for the application, and the expktate verifier evolved
from incremental improvements from an algorithm that wéiatly thought would be
impractical. The invention of scalarsets came from exationaf the symmetries in



the application, and from the pervasive use of small intsgbranges to represent sets
that turned out to be symmetric.

Make it easy for people to audition the tool. Potential users are impatient, and they
have to encounter many broken and/or useless tools on #raéit It is time-consuming
and frustrating to sort through all the advertised systdratdre available for a partic-
ular process to find out which ones actually work. My unsdieng¢stimate is that the
potential user community for a tool declines exponentiaiith the number of minutes
it takes to see whether a tool works.

The tool should be easy to download and run. I'm amazed atthioer of tools that
require a user to download five different programs and libsafirom different sources
before anything will compile. Of course, some of those pangs are broken, or conflict
with other software on the user’s system, etc. It is best tkenpae-compiled binaries
available, and statically link them (when possible) so libaary version problems don’t
arise, and otherwise do whatever can be done to make sureahedrks “out of the
box.” When a tool doesn’t work, sometimes highly motivatedlosessive users will fix
it, if they have access to the source code — so it is good talaigt source code.

Muryp did well in some regards and not so well in others. di@ distribute bina-
ries for linux and some other Unix operating systems. We didsnpport Windows —
although, at that time, most interested users were probrablying on Unix systems.
The biggest problem with Myr was that the compiler translated the Mudescrip-
tion to a C++ program that then had to be compiled and exeduotedarch the state
space (this idea was borrowed from SPIN [25]). The probleth this approach is that
C++ semantics would shift from version to version of the cderpin particular, se-
mantic analysis often became more stringent with new relea® that generated C++
code would suddenly produce errors or warnings becauserdriggbto compile with
a newer version of g++. A more pragmatic solution would hagerbto compile to a
least-common-denominator dialect of C, but a series ofémginters of Mup found it
much easier to generate C++ — so that's what they did.

Minimize intellectual property issues. We initially considered whether we should
protect the potential commercial value of Muby restricting the license for noncom-
mercial use. After conversations with potential users atesgery large corporations, it
eventually became clear that we, as well as potential userdd have to spend far too
much time talking to lawyers before someone at these corapaitiuld use our tool.
Even the Gnu Public License (GPL) created complicationstidaght explicitly about
our strategy, and concluded that the impact of our reseacchddbe maximized if we
made the license terms as liberal as possible. We then atlspteething very similar
to the MIT and Berkeley licenses, which allow users greadren in using, modifying,
and incorporating code into other systems. I'm not sureMapould have been at all
successful had we done otherwise.
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in the country, who are now key contributors at companiesiaridersities. | believe
that the support of the above sponsors has yielded benetite td.S. and the world
that are many times greater than the investment. | wouldrideonly to thank the
sponsoring organizations, but the individuals within theimo were responsible for
deciding to fund our project in the hope that we would prodsa@@ething of value.

Of course, any statements, findings, conclusions, or recamdations above are my
own, and do not necessarily reflect the views of any of thesgtdjnders.
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