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Abstract

The appropriate organization of application components
and their right mapping into physical resources is funda-
mental to fully exploit cutting edge technologies especially
when hierarchical architectures are used. e present a new
approach to combine application modelling with resource
management. The proposed programming model allows
the mixing of message-passing and global memory facil-
ities and integrates them with the high-level abstractions
provided for specifying and organizing application compo-
nents and resources.

The methodol ogies and tools we had designed pave the
way to build complex systems through the use of coopera-
tive applications, executed simultaneously, involving multi-
ple users, thus extending the MPMD model.

Key words: Multi-networked cluster, resource management,
multi-paradigm programming, logical-physical mapping.

1 Introduction

Hierarchical architectures, namely clusters of SMP
workstations, are popular platforms for high-performance
These systems exhibit multiple levels of
parallelism that can be exploited to boost applications
performance but, unfortunately, appropriate programming fi

! i . . 2tio
tools and methodologies are not widely available. Multi-
networked clusters, comprising multiple sub-clusters and

computing.

multi-technology nodes (to interconnect sub-clustens), i
troduce another level of parallelism making application de
velopment even more difficult.

1.1 Framework

A multi-networked SMP cluster, the platform we fo-
cus our work on, requires the ability to combine multi-

ple low-level technologies and the multithreading program
ming model. In [2] we have presented our first efforts to
integrate MVIA and GM low-level protocols in a multi-
threading environment.

A high-level programming model combining shared
memory and message-passing, like the one presented in [8],
sounds like the right choice to exploit such a platform. But
hierarchical architectures force the programmer to take sp
cial care when defining application components. Divide and
conquer techniques like those formerly used by Cilk [3] and
recently adopted by Ibis [9], to run distributed supercotpu
ing applications, may be useful.

Dynamic hierarchical architectures raise another obsta-
cle: applications must be able to discover suitable physica
resources at runtime. Dynamism may result from allow-
ing multiple users to run their parallel applications cancu
rently. Therefore, applications would take advantage from
resource description and allocation facilities, like tpso-
vided by CCS [5].

Some computational challenges can further difficult the
task of using parallel computing; sometimes multiple appli
cations, eventually from different users, need to cooperat
This means applications must also be able to describe log-
ical components, in order to discover each other. That is,
the MPMD model must be extended to enclose the multiple
application paradigm.

Here we present a new approach for developing applica-
ns that allows to overcome all these adversities.

1.2 Our approach

Our approach, a restatement of pCoR [7], aims to
accomplish the efficient and convenient organization of
components used in a complex application. We propose
a programming library which provides high-level mech-
anisms for structuring applications and uses RoCL [1],
our intermediate-level communication library, to guaesnt
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Figure 1. Entity hierarchy example.

component interoperability without compromising perfor- e the ascendancy chain — the node chain from the node

mance. to the root — of a task or block must contain an operon;
At the moment, we are providing five kinds of entities ] ]
for application design: ¢ the ascendancy chain of an operon must contain a do-
main;

e domains — used to organize (group) physical resources , }
available in the cluster as well as software components ® the ascendancy chain of an operon can not contain an-
represented by other entities; other operon;

o operons — used to exploit physical resources at the ® 9athers may only have blocks as descendants.

cluster node level; Furthermore, the domain present in the ascendancy chain

o tasks — code fragments (routines), running concur- of an operon must have special properties conferring it the
rently, responsible for creating entities and sending duality of a machine.

messages; .
2.1 Aliases
e blocks — contiguous memory segments that may be
read/written, total or partially, from any local or re- In addition to regular ascendant-descendant relatiosship
mote task; presentin a tree, it is possible to establish origin-alkda-r

tionships. Thus, an entity may have one or more aliases and
an alias may result from one or more origin entities.
The creation of an alias for a given entity corresponds to
the creation of another entity, of the same kind, at another
Entities manipulated by applications are organized in a point of the tree, and to the storage of the identifier of the
tree. Each entity has a global/cluster-wide identifier and first entity (the origin) in the second entity (the alias). To
some properties. Figure 1 presents a hierarchy describing £reate an alias for a given set of entities (all of the same
cluster with two sub-clusters and a multi-technology node. kind) it is required to store the identifiers of all origin ent
ties in the alias. Figure 2 presents some examples of origin-
2 Basic concepts alias _relz_;ltionships, which are repre_se_nteq by dashed arrow
It is important to note that origin-alias relationships

The d inis th in structuring el it lica. &€ transitive, that is,(Y € aliases(X)) A (Z €
i de .Om?mflst tenllam Sdrglc ulilngelemen ?‘rtspp Kéja_ aliases(Y)) = (Z € aliases(X)). However, for algo-
lon design. In fact, tasks and blocks are ieaves ot tne under ., ,, simplicity, X ¢ origins(Z). The origin of an alias

lying tree used to support the hierarchy that represents thpthat by its turn, is an alias is designated by aliased ofigin
cluster operation, while operons and gathers, which havecon'érast to gen,uine origins
not to be leaves, impose important limitations for their-sub '

e gathers — allow to reference a set of blocks using a
single identifier therefore creating the notion of global
contiguous memory.

trees. . . L . .
Basically, the restrictions to the chaining of entities are CT€ation of aliases.  Origin-alias relationships are set up
the following: by creating new entities that are inserted in the tree. The

insertion of an alias must not misrepresent the regular as-
o tasks and blocks are always terminal nodes (leaves); cendancy chains of a tree, thus, none of the origins of the



inheritance, synthesis or sharing. The inheritance mech-

anism ensures that the properties of an entity are passed

\ along to its descendants while the synthesis corresponds to

@ ©‘ the reverse. Property sharing allows for an entity to spread
L

J\D,

/ \ all its properties to its aliases.
E)---=F) (G- é} = Obtaining properties. Figure 3 shows the way properties
are determined using a simple example. It is important to
descendants(A) = {B,C, D} note that quantitative properties involve computation@si
ascendant(F) = B from union.

aliases(H) = {G, I}

aliases(F) = {}
aliases(C) = {D, F} (a", <'b" 55}
origins(F) = {D, E} /
origins(D) = {C} {"c", <2} N )
N »C
Figure 2. Ascendants, descendants, origins r Tess==t T
and aliases. {["d",0xA03C]}

alias can belong to the ascendancy chain of the entity where p(B) = {"¢”, ("b”,2)}U{"a”, ("0, 5)} U{["d”, A03C]}
the alias is attached. Since the ascendancy chain of an

tit tain ali including th tity itselfe t owned inherited synthesized
entity may contain aliases (mp uding the entity itse He p(C) = {07, 3)}U{a”, 8, 5) Y Up(B) =

stated restriction must be applied to the aliasing-asasryda ~—— - - ~—~

chains, that is, all node chains that lead to the tree roet, in owned inherited  shared

. . g — 77a777 770777 771)777 10 , 77(i777 AOgC
cluding alias entities. { ( ) I}

qualitative quantit. descriptive

2.2 Properties , o ) )
Figure 3. Determining entity properties.

The hierarchical organization of entities is an impor-
tant tool to structure the components and resources of a N ) ] ] ] o
parallel/distributed system. However, the entity name and | n€ ability to establish entity relationships and individ-
its global identifier may not be enough to support com- uglly attag:h pr.opertles to entl_tles along Wlth the mecha-
plex discovery operations, required to provide the dynamic NiSms of inheritance, synthesis and sharing allows to de-
(re)organization of entities. It is essential to have a raech SCribe complex systems efficiently. With respect to figure 1,
nism to thoroughly describe resources, like the speciigati 0T instance, the inheritance plays an important role ie-all
language used in RSD [4]. viating the need to specify the communication technology
We provide a straightforward way of enhancing entity &t €ach node.
hierarchies by allowing programmers to attach the entities

properties of three kinds: 3 Organization of entities

e (ualitative — when a single string is used to point out » ) .
the presence of a particular entity characteristic; All entities used to support a particular problem solving
environment — application components, users, physical re-

e (uantitative — when an extra numeric value is used to sources, etc — are organized in a single tree.
guantify the characteristic level (potential);

e descriptive — when an extra byte sequence is used t03'1 Basetree

improve meaningfulness. ] - )
The creation of entities at runtime expands a base tree,

Considering the origin-alias and ascendant-descendantlefined by the cluster administrator, which includes some
relationships, the process to obtain the properties of an endomains to characterize the available hardware resources.
tity is by collecting the properties directly attached tatth  The simplest base tree would include the cluster name as the
entity (own properties) and the properties obtained thinoug root domain and the cluster nodes (hosts) as leaf domains.
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Figure 4. Aggregator domain.

Figure 1 presents an example of a base tree. At each tre8.3 Aggregator domains
node it is pointed out the entity name, the kind of entity (D -
domain), the entity identifier (assigned by the intermesdiat Considering the process of obtaining entity properties,
level communication library) and the list of own properties it would be useful to have an operation that could find or
The base entity hierarchy is merely logical. However, Créate a domain ensuring the presence of a first group of
the hardware it represents —the hierarchical architestige ~ Properties at each node of the sub-tree rooted by that do-
concrete. The hierarchy presented in figure 1, for instance,Min and ensuring that a second group of properties is held
denotes the multiple levels of parallelism present in the Py the totality of the sub-tree nodes. The creation of such
system — multi-processor, multi-machine and multi-cluste @ domain comprises the discovery of domains that partially
It is also evinced that memory access comprises multi- fulfil the requirements of the two groups of properties fol-

ple levels — intra-node, inter-nodefintra-cluster anaint  Iowed by the aggregation of those domains by creating an
nodel/inter-cluster. alias that takes them all as origins.

Since the entities included in the base hierarchy are not The operaﬂon to create an aggregator dom_am takes as
arguments two lists of propertiespr andp, —, which rep-

created by a specific task, it was decided that their creatorresent respectively. the properties that must be quardnte
will be SY'S. The names of the properties attached to the » resp Y prop 9

base tree entities can not be used by the programmer wheat each node and the properties that may be disperse among

attaching properties to entities created at runtime rfhe totality of nodes, and a nodex— from the hierarchy,
g prop ' where the aggregator domain must be inserted. The identi-

fier returned by the operation concerns to an alias domain
3.2 Creation of entities descendant from. If the entityz guarantees by itself prop-
ertiesp; at all descendants anduf is also present, then the
alias is not created and the operation returns the identifier
The creation of domains and gathers is relatively simple.  Figure 4 shows an aggregator domain created to guaran-
But to create entities of other kinds it is required to check tee 512MB of RAM at each node and a total of five proces-
the aliasing-ascendancy chains to guarantee that thierestr sors disperse among nodes
tions presented in section 2 are preserved. Operons also
obligate to check if at least one of the domains included in 4 | aying application components
the aliasing-ascendancy chains possesses machine specific

properties. To create an alias it is not required the exis-  application components and physical resources are both
tence of an operon in the aliasing-ascendancy chains of gepresented by entities organized in a tree. Physical re-
task or block or to exist a machine domain in the aliasing- soyrces are described using domains uniquely, while appli-
ascendancy chains of an operon. cations may use domains, operons, tasks, blocks and gathers

It is important to highlight that entities are created by to instantiate components. The appropriate organizafion o
tasks and so it would be useful to obtain the creator of ancomponents and the right mapping into physical resources
entity. Thus, the identifier of the task that called the dogat  allows to fully exploit cutting edge technologies. There-
primitive is stored as a special property of the entity. fore, the programmer must concentrate on two main deci-

The entity ascendant is also stored as a special propertysions: which components an application must enclose and
but the same is not true for descendants. Therefore, to gefiow these components are mapped into base tree domains.
the descendants of an entity it is necessary to perform a dis- 17he presented tree is a fragment of that one presented irefiur
tributed operation. Otherwise, the aggregator domain would not make sense.




Determining application components concerns applica- since aliases are not active entities.
tion design/modelling, which is a topic outside the scope of
this paper. Rather, we will concentrate ¢f) discovery of

gunable resources for running an applicati®);instantia- B e o o
tion of operons and tasks. 7 Y 7 - e
Discovering a domain that encloses particular physical S fl)Tf’-ﬁxj’ j =5 0% ;
resources is not a problem. In fact, application needs can — @ Y ) T )
be described using a list of properties which can be used )

to match a particular base tree domain. In figure 1, forin- (5.2

stance, the domaiBubCluster.A would satisfy a request for 3

three processors interconnected by Myrinet. Of course any coml  aafie pmie  sama:  ohen hemn
ascendant would also satisfy the request, but the librasy ha — 0 Y W, GNP WD Gt
the ability to return the most restrict domain. When a single

domain can not provide the suitable resources for running 0 .. g5 9)

an application, an aggregator domain can be created.
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Figure 5. Operon and task creation.

The destination of a message may be: a task, an alias of
atask, an operon, an alias of an operon, a domain or an alias
of a domain. In is important to note that base tree domains
are not valid destinations for application-level messages

To send a message to a task, the communication mech-
@nism provided by an intermediate-level communication li-

The creation of operons and tasks is determinant for the
exploitation of resources. By specifying a domain, the pro-
grammer is defining the host where a particular module
must run. Figure 5 shows the instantiation of an operon
inside an aggregator domain. The system is responsible fo _ : ) e
selecting an appropriate machine, starting up the operdn an br_ary is adequate (fig. &)). But, if the destination is an
creating an alias above the specified domain. The program&lias of atask, the message must be forwarded to the origin,
mer does not need to concern about machines; the aggregd¥at requires extra functionality. If the alias has mudipl
tor domain — a virtual domain that represents the resource<"19ins, then a message copy is sent to each of them (fig. 6-
available for the application — will be the entry point foeth b)) Note that origins can be _allased (and not genuine) what
application components hierarchy. requires successive forwarding.

Tasks can be created in a similar way; by specifying an i If tge mesg,age dekstmanon IS an ofperon, the_n ang/ non-
operon the programmer defines explicitly the place to exe-2/aS déscendant task may compete for accessing the mes-

cute a routine but by defining the domain the programmer S29€; the operon stores the single message copy and one of
moves the responsibility of finding an operon to the system. the descendant tasks may access it (fig))61f the operon

Figure 5 shows the instantiation of a task when op&bn is an alias, the proceeding is similar to the one presented fo
is specified.

tasks (fig. 6d)).
When a message is addressed to a domain, a message
. copy is forwarded to each of the descendants (tasks, oper-
S Message-passing ons or domains) and, if the domain is an alias, to all origin
domains, excluding base tree domains (figf),g)). Any
Messages are always generated by tasks. Thus, the origimessage addressed to a base tree domain is discarded (fig.
field will always concern to an identifier of a non-alias task, 6-€)).
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Figure 7. Block gathering example.

6 Global memory first gather interferes with the positioning of other bloaks
the second one.

To accomplish a compromise between the efficient uti-
lization of cluster resources and the convenient program-6.2 Global memory access
ming of applications, some models for the distribution of
data across cluster nodes and for the access to that data g access the global memory, first of all, a program must

using one-sided communication have been developed, likegpiain a pointer to a local chunk by providing the gather

global arrays [6]. identifier and the lower and upper bound that define the de-
Block and gather entities are used to create a virtual gjreq fragment. Next it is possible to update, total or par-
global storage. tially, the local chunk througlget operations, which will
read the required remote blocks. The reverse update is ac-
6.1 Block gathering complished througput operations.

Note that the provided pointer allows to read and write

A set of blocks can be unified through a gather by cre- local memory which is synchronized with the remote blocks
ating an alias, for each of them, above that gather (fig. 7).through explicitget andput primitives that take advantage
The primitive provided for appending a block to a gather, of low-level RDMA operations. When the program stops
besides the creation of an alias, checks if the block can beaccessing the global memory fragment, the local pointer
appended to the target gather and updates the data used ust be freed.
sequence the various blocks.

A gather may collect blocks that contain the gather 6
ascendant in their aliasing-ascendancy chains. When a
block is appended to a gather, by default, a new entry We provide a unique primitive suite to access global mem-
(start,length, id) is created, wheratart stands for the  ory, disregarding the real location of blocks; application
currentsize of the global memory (which is set to zero when components are expected to use global memory fragments
the gather is created)ngth stands for the block size and according to localities expressed in the entity hierarchy.
id stands for the block identifier. That way, the order by Anyway, some optimizations are achieved at library-level:
which blocks are appended to the gather is decisive for their

2.1 Optimizing accesstime.

seqguencing. o if the fragment comprises a single block from the local

Optionally, the place the block must occupy in the virtual operon or from the local hosget andput are innocu-
global storage may be specified. It is also possible to define ous because data can be accessed directly or through a
the fraction of the block that must be incorporated into the shared memory pointer (returned Hymget), respec-

gather. In this case, the programmer will be responsible for tively;
filling the whole "global address space”.

A group of blocks represented by a gather can also be e if multlple blocks from the local operon or from the
integrated, at once, into another gather. In this case, itis  local host are comprisediet and put operations will
mandatory to specify the fraction of the sequence of blocks ~ read and write data throughemcpy, using a buffer
that must be integrated, to avoid that the expansion of the  (local chunk), rather than using RDMA operations.
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Conclusions

We had presented a programming model that provides

high-level mechanisms for structuring applications armd fo

mapping its components into physical resources. Resources
are represented by a tree which is extended at runtime to

include logical application entities. By discovering ticzz

mains that enclose suitable resources and by instantiating
operons and tasks using those entry points, multiple users
can simultaneously map their application components prop-[9]

erly.

The integration of message-passing and global memory

with the high-level mechanisms provided for organizing ap-

plication components allows for an application to exchange
data with other applications.

This is particularly useful

when multiple applications from different users must co-
operate.

Currently, these methodologies and tools are being used
to design and put into operation a scalable information

retrieval environment, exploiting multi-networked clest
with nodes interconnected by Gigabit or Myrinet.
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