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Executive Summary
Maestro is a FETHPC-2018 funded project that will design a data- and memory-

aware middleware framework for HPC applications and workflows. Work Package
3 (WP3) of the Maestro project develops the core middleware framework.
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DATA ORCHESTRATION

Glossary

Maestro Core ... The internal software layer that constitutes the Maestro framework
CDO ... Core Data Object

API ... Application Programming Interface
GPU ... Graphics Processing Unit

MPI ... Message Passing Interface

UPC ... Unified Parallel C

GFS ... Global File System

MIO ... Maestro 10 Interface

WIP ... Work In Progress

PEG ... Parsing Expression Grammar
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1 Introduction

1.1 Architecture Reminder

The Maestro middleware is built around the concept that applications should be
empowered to delegate the movement of and/or access to the data they provide
or require to an intelligent middleware that can reason about the system charac-
teristics, data-movement cost, and workflow-level scheduling of data placement.
At the same time, data should not be required to be allocated in Maestro-defined
data structures. Rather, low-overhead annotations of existing data should be suffi-
cient to inform the middleware of and permit it to handle such application-defined
and application-managed data.

The Maestro middleware can be understood to provide its features at three
different levels:

+ As a data-management layer for all memory tiers of a system inside a sin-
gle process, e.g. across multiple threads, to use the abstraction of core data
objects (CDOs) to better structure data exchanges between program parts,
across devices (e.g. GPUs), and to use convenient data transformations pro-
vided by the core library.

+ As a data-management layer for all memory tiers of a system across multi-
ple execution domains (compute nodes, processes, workload-manager jobs
and/or allocations), including coupling of applications by their CDO depen-
dencies.

+ As an enabler of a workflow-management solution, in that it enables the
workflow manager to observe and influence data availability, demand, local-
ity, and transfer without the applications knowing about the workflow they
are embedded in.

In all three cases, the basic usage patternis the one that is described in D3.1 [2].
+ Data objects (CDOs) are declared using a workflow-level unique name.

+ Attributes (Maestro-specific or user-specific) can be added to each CDO; exist-
ing data allocations are simply attributes as are layout information and access
patterns. Intended usage, lifetime, or required permanence or redundancy
are other attributes.

+ Data objects are offered to other participants of a workflow or requested
from other participants via a conceptual pool.

* Participants withdraw the object they contributed to the pool eventually.

+ During the time an object is pooled, Maestro take full control over it; it may
move, re-layout, redistribute, or copy the data as it sees fit across the entire
range of resources available to the workflow, including the resources con-
tributed by participants in the form of CDOs.
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« Aconsistent memory access APl is integrated with the CDO interface, allowing
seamless access to various memory layers, and independent of whether the
CDO is user-allocated or Maestro-allocated.

The Maestro design is intentionally flexible about implementation of the com-
ponents, and we are striving to avoid monolithic design wherever possible. We
believe that this makes it easy to exchange certain components later on, or ex-
tend functionality, while keeping compatibility not only at the API level, but also
with the implementation currently built. At the same time, the design was guided
by the principle of the Core being ‘just a library’, usable from C/C++/Fortran, and
not dictating a programming model, such as MPI, UPC, etc.

2 Additional APIs

The Maestro core design consists of mainly two APIs as proposed in D3.1 [2]. One
is the CDO management APl which was largely discussed in D3.1 [2] and released
in D3.2 [3], and the other is the CDO transformation APl which will for the most part
be the subject of the next deliverable (D3.4). In this section we describe additional
APIs, as part of the full release, on the topic of metadata, events and groups. In
particular we address classes of requirements from Maestro applications that have
been made explicit by applications partners in D2.1 [6] and D2.3 [5], and sum them
up in Appendix[6.2]indicating their current status.

2.1 Events

Event subscription allows for closer inspection and control on the maestro-enabled
workflow operations. For example, it makes it possible to know if a certain CDO
is OFFERed, or if a given application has joined the workflow. It is also possible
to receive acknowledgment when a given operation was performed by an applica-
tion, which would possibly arbitrarily stall said application in its pool operations,
to finally let it proceed normally.

To define a set of CDOs that matches certain desired criteria, such as values or
ranges of values for given attributes - which can be user-defined (see Section
-, including wildcards and other regular expressions, users need to create a CDO
selector. The syntax for selector construction is given in Fig.

The mstro_subscribe operation declares that a notification - of an event - is
to be sent upon changes to a CDO whose attributes satisfy the conditions of the
specified CDO selector. In particular, wildcards on the name or certain attributes
make it possible to trigger event messages for CDOs whose name (or ID) is not
known to the recipient previously. This can be used to implement custom han-
dling of CDOs which are not known by (or have dynamically changing) names. In
order to make it possible for the receiver of an event to immediately post a RE-
QUIRE, that is to be able to have a chance to inspect the CDO before it is taken off
the pool too quickly, the mstro_subscribe operation needs a flag (require_ack flag)
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selector <— attribute—selector
| union—selector
| intersection—selector

attribute—selector <— attribute—key kv—op value
| ‘(" 'has' attribute—key ')’
| (' attribute—selector ')’
| (" 'not’' attribute—key )’

kv—op <— '=" | 'I="’ /* type—based (non—)equality */
| '<" | '<="]| ">" | '>=" [* type—based comparison
(numerical types) */
| '~="' /* regex—match on string
representation of value */

union—selector <— ‘(' 'or' selector—list ')’
intersection—selector <— (' 'and’' selector—list ')’

selector—list <— selector
| selector ' ' selector—list

Figure 1: CDO selector syntax (pseudo-PEG format). The authoritative syntax is
defined in attributes/maestro/cdo_sel_parse.peg.

to indicate that the CDO triggering an event should be forbidden from being com-
pletely withdrawn from the pool before an acknowledgment has been received
from the notified party. In case the user requires an acknowledgment for comple-
tion of a given operation, mstro_subscription_ack needs to be called to allow the
pool manager to proceed with the completion of the operation handling, thereby
possibly releasing a stalled application. Example code is given in section [5.2] for
such scenario, in particular in check_subscribe.sh. In many cases however, this
flag will not be set, and events do not need to be acknowledged, and will not stall
the operation progress.

Watching for events is done via the two traditional routes, that is either by a
poll (mstro_subscription_poll) or a wait operation (mstro_subscription_wait Or
mstro_subscription_timedwait). Figure[2|shows the event subscription API.

2.2 Metadata

Metadata - otherwise referred to as “CDO attributes” in Maestro core language -
is encapsulated by CDOs as previously discussed in D3.1 [2], and is of great rele-
vance for applications as shown by the numerous related requirements (see Ap-
pendix[6.2]for status, and D2.3 [5] for detailed description). Core attributes - such
as local size or name, for the full list see . /attributes/maestro-core.yaml - are ac-
cessible by default through the .maestro.core namespace, via mstro_attribute_
get and mstro_attribute_set functions; example code is given in Section in
particular under check_declaration_seal.

D3.3: Full Core Middleware release 7
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mstro_cdo_selector_create (mstro_schema schema,
const char *namespace,
const char *query,
mstro_cdo_selector *result);
mstro_subscribe(mstro_cdo_selector cdos,
mstro_pool_event_kinds events,
bool require_ack,
mstro_subscription *res);
mstro_subscription_wait(mstro_subscription s,
mstro_pool_event *event);
mstro_subscription_timedwait(mstro_subscription s,
const struct timespec *deadline,
mstro_pool_event *event);
mstro_subscription_poll(mstro_subscription s,
mstro_pool_event *events);
mstro_subscription_ack(mstro_subscription s,
mstro_pool_event events);

Figure 2: Event subscription API

An extra API is needed to allow users to specify their own. In order to incor-
porate user-defined attributes within CDOs, the Maestro core expects the user
to provide a YAML schema that user-defined attribute operations will have to be
compliant with, essentially consisting a key-value list of possibly optional keys. To
ensure attribute consistency, the aforementioned schema itself needs to be vali-
dated against a top-level internal schema (content given in Appendix[B). The meta-
schema serves as a reference for all attribute schema, including the core attributes
schema. Validation process is detailed in . /attributes/attributes.md. The meta-
schema accepts native types such as string, int, bool, enum and map, the latter
allowing composition[]

In the application code, the user needs to make a couple of calls to enable the
user-defined schema in Maestro core. First, mstro_schema parse must be called
to load the schema. Then, once parsed, the user must call mstro_schema_merge)
in order for the schema to be merged to the existing full attribute key-value list
recognized by the Maestro core. After that, the user may specify attribute values
dynamically by calling mstro_attribute_get and mstro_attribute_set, Or else by
way of a YAML string to mstro_attributes_set_yaml.

The user-defined attributes APl is summarized in Figure 3

See ./attributes/attributes.md for complementary information.

2.3 Groups

Groups of CDOs, as first defined in D3.1 [2], is a way of conveniently handling mul-
tiple related CDOs. Groups have a few basic attributes such as a name, and the list
of CDOs it consists of.

Since not a lot of experience has been gathered with the requirements arising from user-
defined schemata, the meta-schema may require extensions in future versions of Maestro.
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mstro_schema_parse(const uint8_t *yaml_data, size_t data_len,
mstro_schema *result);
mstro_schema_parse_from_file(const char *fname, mstro_schema *result);
mstro_schema_merge (mstro_schema main,
mstro_schema consumed);
mstro_schema_free (mstro_schema sch);

Figure 3: User-defined attribute API.

There are a few different ways to assemble a Group:
+ add a CDO to the Group using its handle;
+ add a CDO to the Group using its name;

* add a set of CDOs using a selector.

A group can be constituted of both names and handles. This allows forward-
referencing: the OFFERing component does not have to be offering all of its CDOs.

The Groups APl is consistent with CDO management APl in the sense that, sim-
ilarly to CDOs themselves, Groups can be DECLAREd, OFFERed, DEMANDed, and so on.
However, in the context of Groups the semantics are slightly different from those

of CDO management.
SEAL

+ Seals the CDOs that are not sealed yet
* Resolution of CDO selectors occurs at this point

OFFER

+ Group definition at a global scope, that is for all workflow participants. At
this point producers can't contribute any more CDOs to the Group: the group

member list is final.

+ Offers the CDO that are not offered yet

DEMAND

* Results in the user obtaining a group handle, with a list of CDOs containing

minimal information, and access to the CDO data itself.

 Will block until the pool manager can guarantee availability of all member

CDOs

* The group handle returned by REQUIRE/DEMAND is provided with an itera-
tor, GROUP_NEXT, that performs the individual CDO DEMAND operations in

a Maestro-defined order
WITHDRAW

« Similar to CDOs will block until all recipients have disposed of the group

D3.3: Full Core Middleware release 9
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+ CDOs that are in an OFFERed group cannot be withdrawn until the groups
that contain them have been withdrawn

DISPOSE

« Does not dispose the constituting individual CDOs, users must dispose of
CDOs individually even if they did not declare them explicitly (e.g., because
they received them after a name-only group membership declaration, or re-
ceived a handle by GROUP_NEXT iteration).

A test implementing these semantics is available in the repository in . /tests/
simple_group_client.c and can serve as an example.

Behaviour described above might be too rigid for certain use cases, typically if
the user does not want to wait until all Group members are available at DEMAND.
Using the Events API instead is the way to express such semantics, where a con-
ceptual group -i.e. a set of CDOs, but nota CDO group in the maestro core sense -
is formed by a CDO selector, and where individual availability can be probed using
events.

3 Documentation

The code is documented using doxygen, and automatic documentation generation
occurs at build time. The entry to the html-based documentation is at docs/html/
index.html, while rudimentary manual-page style documentation can be found at
docs/man/man3.

4 Building

The Maestro core repository is available here: https://gitlab.version.fz-juelich.
de/maestro/maestro-core

The Maestro core repository uses gitlab.com continuous integration, allowing
testing on Docker containers with a few linux systems such as Debian, Ubuntu,
openSUSE and CentOS.

Steps to build the code have been previously described in [3] and are also avail-
able in the README and INSTALL files.

5 Testing

This document describes the code of the upcoming Version 0.2.0 release of the
Maestro core. It has been tagged as d3.3 after review of this document, with
patches included from the d3.3-review revision that was basis of the initial review
of this document.

The Version 0.2.0 release is expected shortly after completion of this document,
subject to updates of the included mamba and mio libraries.
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5.1 Demonstrators

Maestro core repository features three out of its four planned MVPs, as defined
in D6.1 [4] for WP6, with the fourth one being the subject of a future deliverable.
MVP1 is a multithreaded local demonstrator, uses a proxy for the workflow com-
ponent, producers, consumers and archivers. MVP2&3 are a multiprocess demon-
strator, where two clients exchange a CDO through the Pool Manager, using GFS
and MIO transport. MVPs are located in the . /tests folder.

Name Run Further reading

MVP1 run_demo.sh See [3]

MVP2&3 check_pm_interlock.sh See by ascending amount of detail D6.1 [4]
on MVP definition, the INSTALL.md file, and
D5.5 on Adaptive Transport [1].

5.2 Examples

Maestro core repository also features a number of unit tests (in ./tests), which
altogether account for nearly 50% of code coverage. Some of these tests can serve
as reasonable example code for Maestro users, as detailed below.
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Name

Purpose

check_version

get version string

Basic API
check_init call toplevel API init/finalize
check_declare local declare

check_declaration_seal
check_pool_mamba
check_pool_retract

attribute set/get, regular and YAML, and SEAL example
basic Mamba use through Maestro
basic retract example

Local Pool

check_pool_local
check_pool_local_rawptr

check_pool_local_stress
check_pool_local_putget

local test using basic CDO movement API

basic raw pointer attachment to a CDO and local move-
ment

same with many calls

local multiple producer/consumers OFFER/DEMAND

Metadata

check_schema_parse
check_type_parser

user attributes (metadata) schema parse example
check schema type parsing

Transformation

check_layout

automatic rowmajor to colmajor transformation; auto-
matic buffer allocation

Multiprocess

check_pool_manager
check_pm_declare.sh

check_pm_declare_group.sh

check_subscribe.sh

pool manager startup

basic one pool manager plus two clients setup

one pool manager plus two clients exercising the CDO
GROUP interface

archiver component subscribes to CDO OFFERs from an
injector component

The multiprocess tests contain a simple_pool_manager component that can be

used directly as a default pool manager component in a multi-application work-
flow.

6 Requirements Status

6.1 Core

Requirements for the Maestro core, as per D3.1 [2]:

Proposal Status

Number

Proposal Text

D3.3: Full Core Middleware release 12



PP.3.1.1.a

PP.3.1.1.b

PP.3.1.1.c

PP.3.1.1.d

PP.3.1.1.e

PP.3.1.1.f

PP.3.1.1.{g.h}

PP.3.1.1.i

Maestro should introduce a solution to general
ubiquitous problems of data-movement, with-
out being constrained by the limited scope of
existing solutions.

Maestro should generate new data- and
memory-aware abstractions for data handling,
management, movement and transformation.

Maestro should develop a middleware layer,
upon which other software components span-
ning systems software and programming envi-
ronments (amongst others) can be developed.

Maestro should enable runtime analysis of data
objects.

Maestro should enable compile-time anal-
ysis of data-objects, meaning (together
with PP.3.1.1.d) that Maestro should com-
bine static and runtime analyses.

In addition to an explicit interface, Maestro
should present an implicit, “temporary be-
havioural modification” model, providing e.g.
POSIX library overloading during/under certain
timeframes/conditions. When Maestro is dis-
abled, the application proceeds as it would be-
fore Maestro modifications, and with no perfor-
mance loss.

Maestro core abstractions should be able to
detect the specific case of layout (in)sensitive
transformations, to adapt to this situation and
to store sufficient scope to inform decision mak-
ing in this area.

Although Maestro core abstractions should
adapt to the situations of functionality de-
scribed in PP.3.1.1.{g,h}, it should also adapt to
the situations where qualities of both classes
are relevant.

DATA ORCHESTRATION

v

— WP4

— WP4

detection—  WP4,
storage— metadata,
transformations—
D3.4

— WP4

PP.3.1.2.a

PP.3.1.2.b

Maestro should present an API that is useful at
any layer of the software stack, including at the
very least various components in the program-
ming environments, systems software and run-
times spaces.

Maestro should be aware of the nuanced vari-
ety of system-specific performance characteris-
tics and take these into consideration when per-
forming data accesses and movements.

D3.3: Full Core Middleware release
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PP.3.1.2.c

PP.3.1.2d

PP.3.1.2.e

PP.3.1.2.f

PP.3.1.2.8

Maestro should recognise the variety of means
by which data can be stored in a certain media.
However for internal transformation purposes
it will choose the most appropriate or perfor-
mant method.

Maestro’s application-level interface should al-
low the user’s intentions to be translated to
Maestro, which will seek to satisfy the user’s in-
tentions while delaying or modifying data move-
ment according to the Middleware’s own deci-
sion making framework.

Context and meaningful data movement se-
mantics should be communicable in the Mae-
stro infrastructure, requiring core abstractions
and API to allow for this

Since Maestro should self-manage data during
certain epochs, a common interface to all mem-
ory levels should be developed. This interface
should also be extended to provide a common
explicit data movement interface.

Maestro should explore the state-of-the-art in
memory system modelling and either adopt or
develop an appropriate modelling framework
to support coarse-grained data movement op-
timisation decisions and finer-grained data ac-
cess optimisation decisions.

DATA ORCHESTRATION

— WP4

— WP4

— WP4

PP.3.1.3.a

PP.3.1.3.b

PP.3.1.3.c

PP.3.1.3.d

PP.3.1.3.e

Maestro should survey the available abstrac-
tions that provide desired functionality and de-
velop the missing abstractions where existing
solutions do not yet exist.

Maestro should build memory performance
tools and queries that are higher-level than ex-
isting tools like hwloc.

Maestro abstractions should store additional
metadata describing structured context where
it exists, e.g. the iteration domain that a struc-
tured dataset was derived from.

Maestro abstractions should allow opaque data
to be represented, as well as grades of opaque-
ness/structure.

Maestro abstractions should allow relations be-
tween data objects to be resolved, especially
data, task and workflow dependencies.

D3.3: Full Core Middleware release
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PP.3.1.3.f Maestro will provide a data object blocking trans-  Groups, WIP
formation CREATE_CDO_GROUP_FROM_CDO which
creates a group (set) of data objects with spec-
ified qualities from a single data object. After
blocking transformation, each data object will
reference a subset (i.e. below a certain capac-
ity threshold) of the original data object’s data.

PP.3.1.4.a A Maestro library APl and library-only mode v
will be available that provides a subset of the
middleware capabilities, while excluding any
client-server operations, resilience features,
namespace and inter-application communica-
tions. Mixing of library-only and middleware
modes so that for example, transformed data
is later used in a workflow, should be fully sup-
ported but with restrictions.

PP.3.1.4.b Maestro will allow objects to be requested us- v
ing a given layout scheme. That layout scheme
will be resolved by Maestro at the moment that
objects are given to the Consumer.

PP.3.1.4.c Maestro will abstract the movement of data be- v
tween distinct memories in the system, for ex-
ample between CPU and accelerator memory.

A memory model (see PP.3.1.2.g) is a prerequi-
site for this feature to be enabled.

PP.3.1.4.d Maestro will provide a tiling abstraction, includ- Mamba, WIP
ing static code analysis, programming abstrac-
tion and runtime support used to tile data and
promote silently to faster memory. This fea-
ture will be developed in collaboration with the
EPiGRAM-HS project as some parts of its imple-
mentation lay outside the scope of Maestro.

PP.3.1.4.e Maestro will capture the original ordering of a — WP4
loop-nest as a schedule and will allow a set of
transformations to be applied on that schedule,
effectively returning a new schedule (ordering).

PP.3.2.2.a Maestro should allow indexing of lists of data v
object names; nesting of data objects is conceiv-
able but not planned.

PP.3.2.2.b Maestro should allow CDO naming (or name v
matching) based on existing application or mid-
dleware language naming conventions.

D3.3: Full Core Middleware release 15
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PP.3.2.2.c Maestro should detect potentially redundant — WP4
loads/stores within defined epochs of tempo-
ral locality; Maestro should manage storage re-
sources to enable communication (hot caching)
in the event of redundant loads/stores.

PP.3.2.2d Maestro's data-object declarations should incur — WP4
very low overhead; Communications of data ob-
jects should use the fastest interconnects and
transfer API available (e.g. avoid the PFS and
use the interconnect network over MPI).

PP.3.2.2.e A distribution attribute should be possessed — WP4
by Maestro’s core data abstractions, allowing
a node to understand, reference and translate
data elements owned by any other node; Mae-
stro should use the distribution specifier to per-
form automatic data object redistribution; Mae-
stro should optimise data redistribution.

PP.3.2.2.f Maestro should allow array/tensor-based trans- D3.4
formations in the form of i) layout transforma-
tion upon data object retrieval ii) explicit data
object transformations.

PP.3.2.2.g Data-object dependence should be combined — WP4
with a Maestro-controlled CDO lifetime, and
temporal locality epochs.

6.2 Applications

Further requirements for the Maestro core from applications, as per D2.3 [5], sorted
by core categories instead of applications:

D3.3: Full Core Middleware release 16
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Number Description

Desirability

Status

R1.7a

R1.7b

R1.15b

R1.15d

R1.16b

R1.24

Once data objects handed over to Maestro,
transport and access must no longer be the ap-
plication’s concern.

Maestro should take care of maintaining unique
references to the data objects.

The Maestro middleware must be able to cope
with each producer running in parallel on multi-
ple nodes and without explicit synchronisation
between the producers. The producers mostly
run independently from each other.

The Maestro middleware must be able to cope
with multiple consumers running in parallel on
multiple nodes without need for synchronisa-
tion. The consumers will also run indepen-
dently from each other.

The Maestro middleware must be able to sup-
port multiple workflows running and producing
objects simultaneously.

Once data objects are handed over to Maestro,
they must be immutable.

Must have

Must have

Must have

Must have

Must have

Must have

v

R3.1
R3.3

Grant ownership of data to Maestro
Require data owned by Maestro

Must have
Must have

6.2.2 Configuration

Number Description

Desirability

Status

R2.6

R2.7

Maestro should provide a configuration
system to describe properties of the work-
flow/pipelines for which it will manage the data
exchange, where these properties are known
in advance.

In “streaming” mode, a consumer should have
the opportunity to declare in advance (in con-
figuration) the data arrays it will consume.

Should have

Should have

— WP4

— WP4

2Maestro Core Pool Manager (PM) sense of workflow separation is only a name (MSTRO_
WORKFLOW_NAME). Using the same given name, clients - regardless of their originating user work-
flow and regardless of WP4 workflow management - can connect to the PM and operate Maestro

normally.

D3.3: Full Core Middleware release
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Number Description

Desirability

Status

R1.14

Maestro to record and communicate usage
statistics - type of storage used and their
load, write (production) rate, read (consump-
tion) rate, etc. - to human operators or system
monitoring/logging tools.

Should have

— WP5

6.2.4 Failure Resilience

Number Description

Desirability

Status

R1.10

R1.11

R1.12

R1.13

R1.17

R1.18

R1.19

When an error occurs in the Maestro soft-
ware/system that impacts the ability of the
Maestro system to correctly satisfy requests,
it should be treated as a hard failure and be
propagated to all other Maestro-dependent in-
stances.

Maestro may have further ‘soft’ failure modes,
if these do not impact the ability to access data
according to the specification. As an example,
if a duplicate copy of an object is lost, this may
impact performance and may violate resiliency
guarantees, but it is not a hard error from the
perspective of the workflow.

Errors propagate from Maestro to dependent
workflow components when they next access
the Maestro API.

Maestro may have a mechanism to enable
an out-of-band workflow component to inject
knowledge and data into it outside of normal
process.

Objects within Maestro are handled transac-
tionally. No partial state must exist.

The way Maestro handles objects in case of er-
rors within Maestro should be well-defined and
consistent.

Objects within Maestro are handled consis-
tently. No risk of undefined behaviour or data
corruption.

Must have

Optional

Should have

Should have

Must have

Should have

Must have

v

v

— WP4

— WP4

v

v

v
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6.2.5 Memory Management

DATA ORCHESTRATION

Number Description Desirability Status

R3.2 Indicate Maestro to move or allocate data to a Must have v
particular tier of memory

R3.4 Maestro is able to manage memory resources Must have v
(including allocation and deallocation) across
multiple layers of the memory hierarchy.

R3.5 Data can be moved synchronously or asyn- Should have v
chronously

R3.6 Maestro can move data from one memory Must have 4
space to another

R3.7 Maestro can manage different memory spaces Must have — WP4
within a node

R3.9 Maestro should manage (re)use of the memory Should have — WP4
space with minimal overhead

6.2.6 Transformations

Number Description Desirability Status

R4.1 Redistribution of parallel 2D fields Must have — D34

R4.2 Row and column-major layout transformations Should have — D3.4

of distributed arrays

D3.3: Full Core Middleware release

19



6.2.7 Stress Conditions

DATA ORCHESTRATION

Number Description

Desirability

Status

R1.15a

R1.15b

R1.16

R1.16a

R1.28

The Maestro middleware must be able to cope
with around four hundred producers declaring
and writing a total of at least 20,000 objects per
second. The Maestro middleware must also be
able to sustain that rate for the duration of a
time-critical operational run, which is around
one hour.

The Maestro middleware must be able to cope
with consumers making time-critical read oper-
ations for up to 70% of the written time-critical
data.

Maestro to be able to cope with the creation of
at least 150TiB data in an hour per workflow.
The Maestro middleware must be able to sup-
port non-time-critical consumption of around
80% of the data produced by time-critical oper-
ations.

Maestro must be able to cope with multiple pro-
ducers and multiple consumers accessing ob-
jects simultaneously and in a time-critical fash-
ion.

Must have

Must have

Must have

Must have

Must have

— WP6

— WP6

— WP6

— WP6

— WP6

6.2.8 Metadata

Number Description

Desirability

Status

R1.1

R1.2

R1.3

R1.3a

R1.3b

R1.3c

Objects handled within Maestro can be de-
scribed and handled according to user-defined
domain-specific metadata.

User-defined metadata should take the form of
a dictionary of key-value pairs, or equivalently
as a set of arbitrarily named attributes.

Object retrieval should support metadata
queries that describe lists of values.

Object retrieval must support retrieving all ob-
jects of a list of metadata values as a single op-
eration.

Object retrieval must support retrieving all ex-
isting objects of a list of metadata values even if
not all requested objects are available.

Object retrieval must support querying which of
a list of metadata values are currently available
for retrieval.

D3.3: Full Core Middleware release
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Must have

v

v
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WIP

WIP

WIP
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R1.3d

R1.5

R1.7c

R1.26

R1.27

Object retrieval must support querying which of
a list of metadata values the Maestro middle-
ware expects to be available in the future, even
if they are not currently available.

Object retrieval may support wildcards, such as
‘all" and ‘every’. This may be interpreted as all
available data matching the request.

Maestro should facilitate locating objects ac-
cording to their metadata.

Consumer applications should not be required
to know the size of the data prior to requesting
it.

Objects handled within the Maestro middle-
ware can be described by three sets of at-
tributes:

+ one specifying the properties of the run
(e.g. operational or research, starting
date/time),

+ one describing the data-collocation policy
(typically the horizontal and vertical repre-
sentation of the field),

+ and one defining the specific properties of
the field (i.e. which parameter at what out-
put step and vertical level). These three
together could be made equivalent to de-
scribing objects according to user-defined
metadata, although it is a much less desir-
able solution than R1.2.

DATA ORCHESTRATION

Must have WIP

Optional WIP

Must have WIP
Should have Vv
Must have v (user-

defined
attributes)

R2.1

Maestro must allow a conceptual data organiza-
tion based on the following data container con-
cepts:

« array: a multi-dimensional typed array

* record: a grouping of related datasets
published at the same time (e.g. simula-
tion output fields at a specific time step)

* collection: a grouping of related records
(e.g. checkpoint data collection, post-
processing data collection)

D3.3: Full Core Middleware release
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DATA ORCHESTRATION

R2.2 Maestro must provide the ability to add (and Must have v (user-
query) named attributes (metadata) to data ar- defined
rays, records and collections attributes)

R2.3 Maestro should provide a way to hierarchically Should have v/(user-
group related data arrays within a record (and defined
query this group structure), similar to HDF5 attributes)
groups.

R2.4 A data collection must accommodate records Must have v (user-
produced by multiple independent producers. defined
Hence, labelling of data records is at least a 2- attributes)
tuple made of a sequence integer (the sequence
number of a record with the list of records) and
a producer ID integer. Maestro must provide an
indexing or attribute system to be able to sup-
port this.

6.2.9 CDO Groups

Number Description Desirability Status

R1.21 A single consumer must be able to iterate over Should have — WP4
a set of objects, even when this is too large to fit
in memory at once.

R1.23  Once consumers have obtained a data set and Should have — WP4
started iterating over the elements, Maestro
must manage its resources so that it will not be
out-of-memory-killed at least until the iteration
completes.

R1.25  Maestro may support iteration granularity Optional WIP

larger than a single data object.
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6.2.10 Lifetime

DATA ORCHESTRATION

Number Description Desirability Status

R1.8 Objects may have a minimum lifetime (possibly Must have v
zero).

R1.9 Objects may have a maximum lifetime (possibly Optional v
infinite).

R2.8 Maestro must provide the ability to persist data Must have WIP;
beyond the lifetime of the workflow that gen- simple_
erated it, and make it available to appropriate archiver
consumers. example

compo-
nent to be
extended

R2.9 When used for persisting data produced by an Should have  WIP; de-
application, Maestro should provide the ability pends on
to configure which data collection is persisted. resource

description
(WP4)

R2.10  When used for persisting data produced by an Should have WIP;
application, Maestro should provide the ability simple_
to specify a subsampling rate of persistence or archiver
filter. component

extension
6.2.11 Misc.
Number Description Desirability Status
R1.6 Support describing a set of fields as ‘complete’.  Optional CDO group
for the
set can be
OFFERed

R1.29  The Maestro middleware should be able to dis- Should have Discussions
tribute/place objects among nodes according to started
hints supplied by third-party components.

R2.5 In “streaming” mode, a data collection should Should have SUBSCRIBE
accommodate multiple consumers organized to CDO
into groups, similar to Kafka groups (or Redis OFFER per-
Stream consumer groups). Records are broad- mits imple-
casted to all consumer groups. Consumers menting
within a consumer group retrieve records from this, needs
a queue. more  dis-

cussion in
WP4
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DATA ORCHESTRATION

A Internal Tests

Some unit tests focus on internal APl testing, and are therefore less attractive entry
points to Maestro users.

Name Purpose

check_symtab check symbol table operations
check_protobuf_c protobuf messages serialization
check_transport_gfs GFS transfer
check_transport_mio MIO transfer

B Metadata Schema

As defined in ./attributes/maestro-schema-schema.yaml:

# Every schema needs to have a descriptive name
schema-name: str ()

# ... and a version number

schema—version: int(min=0)

# It may define a namespace prefix to permit using shorter (relative)
# attribute names in the definitions later
schema—namespace: regex('(A$)| (A\.$) | (AM(\.[AM\sT+H)+\. %),
required=False,
none=False, multiline=False,
name='fully —qualified attribute namestring’)

# |f non—elementary types are to be used in the attribute definition
# these must be declared

schema—types: list(include ('maestro—user—type—def’),
required=False)
schema—type—values: list(include('maestro—user—typespec’),

required=False)

# A Maestro schema needs to be a valid yaml document
maestro—attributes: list(include('maestro—attribute—def’), required=False)
maestro—attribute —def:
key: regex ("(A(\.[ANSN.IH)+$) | (AIANSNLTH(N[ANs\]+H)*$) 7,
required=False,
none=False, multiline=False,
name='valid attribute namestring’)
type: include('maestro—user—typespec’)
required: bool()
default: Any(include('maestro—builtin—-typeval’),
include ('maestro—user—typeval '),
required=False, none=False)
documentation: str(multiline=True)
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DATA ORCHESTRATION

maestro—builtin —typespec: any(regex('Astr\(.*\)$"),
regex('Abool\(.*\)$"),
regex('Mint\(.*\)$"),
regex('*map\(.*\)$"),
regex('fenum\(.*\)$"),
regex('Amap\(.*\)$")
)

maestro—builtin —typeval: Any(bool(),
int(),
enum( 'None’) ,
str())

maestro—user—typespec: any(include ('maestro—builtin—typespec’),

map() ,
list (),
str())

# things that can be checked directly

# plus

# things that can be run—time checked

maestro—user—typeval: any(include ('maestro—builtin—typeval '),
include ('maestro—builtin —typespec’)

)

maestro—user—type—def:
typename: str ()
typespec: include ('maestro—user—typespec’)
documentation: str ()
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