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GRETA Production Computing
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GRETA'’s Data Pipeline
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See: Simple and Scalable Streaming: The GRETA Data Pipeline, EPJ Web of Conferences 251, 04018 (2021)



Key Pipeline Components

- Forward Buffer: - Event Processing: - Event Building:

« Mediates communication - Locate interaction points - Aggregates events
between the electronics from waveforms (signal according to timestamps
and computing cluster decomposition) into global events

 Allows electronics to be - Each compute node - Will provide a tap for online
free running and cluster presents a number of job data monitoring
nodes to self-schedule slots which are assigned to

a specific detector
 Hybrid CPU/GPU
implementation

Pipeline components transfer data via GAP (Greta Application Protocol) layer
Based on nhanomsg - zero copy, low latency, excellent stability (https://nanomsg.org)
GAP implements standard communication design patterns (fan-in, fan-out)

Meet performance specifications



https://nanomsg.org

Computing KPP Test

 Hour test over which time 1.85 x 10°

x’—Q14P1 Run2322 . y’'—=Q14P1 Run2322

compressed waveform messages E
were processed (14 TB ingest, single € - g
file of 636 GB of interaction point S . S
messages was generated E
80 event-processing containers were  X-Q4P2Run043  ¥-Q4P2Run0s43
run across 40 nodes - 2560 workers/ “F )
cores g~ g
« No events lost in signal decomposition - Ny
or transport through the pipeline:
x-y projections: blue (GRETA - 10k events), red (GRETINA reference set)
* 1857633780 events at forward
buffer ingress, 1857633780 S
R . orwar a eques op
decomposed events In f||e Buffer (GMT) (GMT) (GMT)  Duration (s) Total Msg In Total Msg Out  Rate (Msg/s)
. n00 23:09:53 0:10:30 0:10:30 3637 463775188 463775188 127516
° Aggregate rate Of 51 0725 Slgnal n01 23:09:53  0:10:30  0:10:30 3637 465339834 465339834 127946
rar . . n02 23:09:53 0:10:30 0:10:31 3638 463581217 463581217 127427
decom OSItIOﬂS / S - meets ObJeCtlve n03 23:09:53 0:10:30 0:10:30 3637 464937541 464937541 127835
KPP for Computing Aggregate 1857633780 1857633780 510725

Statistics gathered from 4 forward buffers in KPP test

* 3 s end-to-end latency



Transport through the Pipeline - Routing Headers

Each event (8k compressed for
HPGe data) is sent as a UDP
packet for electronics

A type and subtype field
determine the type of
processing the event/message
undergoes

Events/messages are
prepended with a routing header

The payload is opaque except to
the analysis components

struct routingHdr {
uint8 t version;
uint8 t flags;
uint8 t type;
uint8 t subtype;
uintlé_t length;
uintlé t seqgnum;
int64_t timestamp;
int64 t checksum;

} hdr;

/*
/*
/*
/*
/*
/*
/*
/*

protocol version */
for future use */
e.g. ge waveform */
message sub-type */
length of payload */
sequence number */
48-bit,10 nS clock */
integrity checksum */

GRETA routing header (version = 1)

Type: detector type (Ge, silicon, PPAC, ...)
Subtype: board channel

Different types, subtypes have different online
analysis procedures or calibrations



What Is Orchestration in the GRETA Context?

- Instantiating of pipeline components needed for a given
experimental situation

« Determining the hosts on which the pipeline is being deployed and
the resources they are using

* The ‘wiring’ of the pipeline so data of the appropriate type gets
routed to the appropriate pipeline components

* The distribution of user-level run control directives

» Directives to the electronics subsystem is the source of the data
pipeline



- GRETA defines experimental scenarios

cook sim [10a]

* Describes the experimental problem at hand B —————
(electronics test, pipeline test with replayed
data, GRETA quads, ...)

* Filter Board Test:
- forwardBuffer - msgStore

"Ver
E
"R
S|
"D
"B
"Il
"Ag
"Sin

« Sim Scenario:

- sim — forwardBuffer - decomp —
eventBuilder — storage

- Represented by a json file - this is produced by
a Ul element or scripts

- Gives performance expectations (rates,
message SizeS) and eXpeC’[ed ’[ypeS/SU btypeS Postman API tool showing "sim’ scenario with KPP parameters
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Cooking

{
{
{
{
{

"hostname" : "x02.greta.local", "hosttype" : "sim" },

"hostname" : "n02.greta.local"”, "hosttype" : "network" },
"hostname" : "c28.greta.local", "hosttype" : "compute" },
"hostname" : "n03.greta.local", "hosttype" : "network" },
"hostname" : "x00.greta.local", "hosttype" : "service" }

* Inputs:
- the scenario
* ‘phosts’ - pipeline hosts !
 QOutput:
 Config for each pipeline

very simple phosts.json

[{"Id":"dec000", "Name":"decsim", "Type":4, "TypeName" : "Decomp", "URL":"s0

Component 6.greta.local/
conductor", "Checksum":false, "PromBind":"", "DataNewProtocol" :true, "NoSe
nding":false, "NoEgressProcessing":false, "NoEgressQueuing":false, "NoSha
redQueue" :true, "SortingOnEgress":false, "LockFreeQueue":true, "QueueCapa
city":1000, "EnergyScalingFactor":4, "EventBuilderAddr":"n03.greta.local
:15000", "MaxBufferSize":16000, "MaxDelay":1000000, "Detectors":

Cooking IS the respOnsibi”ty [{"TypeId":4,"Subtype":20, "MaxMsgLength":10000, "MaxRate":400, "ForwardB
ufferAddr":"n02.greta.local:15003", "MaxResults":100}]}
of the conductor

very simple event build config
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. Pipeline Confi
- Main control plane component - Suy Conductor Somioe
malntalns SyStem State NoScenario load image (docker API)
- Instantiates pipeline components { Status o sconario Gooks
on nodes through the Docker w omaling args- 1.4, st cunc
en glne API Pipelinelnitializing
. . . /1/config_/{servic_e}/{id}/{bin_d}
° Serves Conflg tO plpellne I returns json string w config
Initialized /1/initialized/{service}/{id}
components once they come up e
according to the cook starting B
+ Sends (properly sequenced) run Y istarodi(senvce}/ic)
control directives to pipeline Ruming
COmpOnentS f1istop
Y /pause
° 2 API,S: Stopping p
! /1/paused/{service}/{id}

« ‘User facing’ ... Ul’s, scripting

Initialized

 ‘Pipeline facing’ ... config service
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Pipeline Control Plane - Interacting Services

Configuration Service Start Run —
« DB + API for configuration of pipeline Gontly web I

app
Conductor Flask API

Conductor Command ;
o . line client | Is the current state Initialized? State >
« Generates component specific config R 10
for pipeline, orchestrates containers T e {5

message; {"Wrong state for start’}

U I / We b a D D Wiite.run informetion to Write run_|son to MongoDB

» User interface to config service, R

POST /experiments/<exp_name>/runs exp_name
Lo Failed in write to
conductor, and run control el A Fated
1) {status: 500}

body: { ‘message”: "mongo not
reachable” }

Monitoring Service Sate > oo Y No
status: 404, W exp

previous body: ge: {"experiment does not {status: 404)

* Records status info from pipeline o) P N @

elements into time series DB o, A

(Prometheus) ) Send stanmessagzsto
i - gl bRl .s >
* Displays summaries to operator o camponans Starting

PUT /experiments/<exp_name=>/runs/<run_num=>
(Grafana) ONO e Rt
State ->
Error
Update column “Started" in run
to true

« Works with GRETA Webapp / scripting . @
concurrently for flexibility

Diagram showing State Transitions / API calls for Run Start
12



Need to Orchestrate Electronics Too!

 Electronics controls are implemented using
EPICS soft-IOCs running on Linux host(s) s leialiis

— Driver Info  Register Loading
Board Type SFB SFB14 Register Status .
IP Address 108.8.114
M . . Port 21315 Load Trliggered Open Register
* Developed specialized UDP driver reduce s e
Number of Registers 724
Number of Scalars 172 Scalars Screen | Crystal 1 Screen  Crystal 2 Screen  Crystal 3 Screen | Crystal 4 Screen
H I Connection Status @ CONNECTED
atency for operators given S (very p—
gi Stats Gitld 0x71CD089
. Register Packet Good 4764635 Boardid 14
I a r b f t I t ~ 1 O 0 O O 0 Register Packet Bad Read 0 FpgaTemp 55.000 °C
ge number or control points et et b & i
Register Packet Bad Content 0
u Register Packet Unsequenced 12 xtal Globals —M8M ——————————— —Seg A1-F6 Globals ————————————
re I S te rS Register Packet Missed 258448 xtal:SelectFakeData ® Off LEDthreshold 300
Register Last Seqnum 9900 xtal:TriggerType 0 LEDnoisewin 100
Register Last Timestamp 33749515792210 xtal: TraceLenBefore 16 LEDdiff 100
xtal:TraceLenAfter 0 PZmultiplier 813
~ Scalar Stats xtal:CcChanld 36 BLRtau 6
Scalar Packet Good 4764635 xtal:Trigger SkipCount 9 BLRcontrol 7
Scalar Packet Bad Read 0 xtal:CounterReset ® Off BLRdelay 1100
. . Scalar Packet Bad Header 0 xtal:LocalTriggerEn oon POdelay 575
[ ] C d t ‘t I k t I ‘t b Scalar Packet Bad Content 0 xtal:XgmiiXmitCount 131071 SizeM 500
O n u C O r a S O e e C rO n I CS VI a We Scalar Packet Unsequenced 12 xtal:CompressionEn o off SizeK 100
Scalar Packet Missed 261243 xtal:Destinationlp 0xA086540 POenable @ Off
H . Scalar Last Seqnum 9900 xtal:DestinationPort 30000
sockets interface e b | oo
" xtal:Trigger0Type 0 CC1:LEDthreshold 300
— Driver xtal:TriggerOLwindow 100 CC1:LEDnoisewin 100
[} [ " Experiment State STOPPED xtal:TriggerORwindow 0 CC1:LEDdiff 100
* Destination IP/Port of forward buffers in R - 3
CORSO Status . CAN WRITE xtal:Trigger1Lwindow 0 CC1:BLRtau 6
Readback Timeout OK xtal:TriggerIRwindow 0 CC1:BLRcontrol 7
Timeout Margin 10 sec xtal:Trigger2Type (1] CC1:BLRdelay 1100
C u S te r Reconnect Attempts 10827 xtal:Trigger2Lwindow 0 CC1:POdelay 575
Register Load Count 209 xtal:Trigger2Rwindow 0 CC1:SizeM 500
xtal:Trigger3Type 0 CC1:SizeK 100

¢ FlOW Contr0| d|reCt|VeS tO tngger (|f Engineering screen showing operation of thé UDP-based EPICS driver with ra SFB.
forward buffers alert)

 Run management (reset board level
scalars, ...)
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Everything is a Container

- GRETA build system
oriented towards
containers

* Pipeline Components
(forward-buffer, event

processing, event builder,
storage, ...) - Local docker repo (allows

- Control Plane (conductor, for system isolation)

config service, monitoring * Local Cl system (Gitlab)
service)

- Electronics Controls (soft  Orchestrator responsible
IOC’s, HLC’s) for container config (bind

mounts, pinning containers
to cores, ...)

14



Deleria - The GRETA Pipeline over Wide Area Networks

 Topic of area-wide LDRD at LBNL in collaborations with OLCF/ORNL (Deleria project)
« Bandwidth testing with passthrough container - achieved very high transfer rates

ESnet Testbed ESnet Testbed
—_—
Memaltor.Smostor Event Storage
Berkeley Berkeley
Forward Forward\ ORNL
Buffer Buffer
Bm « Currently at 35 Gb/s (to event
RTT = 110 ms builder), 7 Gb/s (to storage), 8 kB
~50k events in-flight Deccfrfg}aes'rition event sizes
at GRETA design

— ACE IRI Testbed - Defiant
te &
rate © Cluster (OLCF/ORNL)
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3 Quad Test (12 detectors)

_4q9100 -300 -200 -100




Orchestrating Across Facilities

- Much more complicated (and | don’t think we understand it yet)
* Facility API’s used to instantiate remote containers:
- cond — facility APl — slurm — container start
* ‘Wiring’
- Flat address space (now, maybe future)
 Proxies (future)
- Working with Argonne ‘SciStream’ group

Administrative > Technical
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Lessons Learned

- We underestimated the complexity of orchestration (we took this as
a low risk activity - did not formally prototype it)

- It was the only major refactor we needed to do in the project (to
support simultaneous support of scripting with the Ul)

 Delays in control plane deployment led to delays in system-level
testing

18



-« System Architect [Eli Dart - ESnet, LBNL]

 High-performance data plane components (forward buffer, global
event builder) [Eric Pouyoul - ESnet, LBNL]

« Scientific programming (signal decomposition) [Gustav Jansen -
NCCS / Physics, ORNL]

« Cluster deployment, Development environment [Tin Ho - Scientific
IT group, LBNL]

 Control system engineering [Tynan Ford - Engineering division,
LBNL]

« CAM, Scientific contact [Mario Cromaz - NSD, LBNL]
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