Loimos: A Large-Scale Epidemic Simulation Framework for Realistic Social Contact Networks

Joy Kitson!, lan Costello!, Diego Jiménez?, Jiangzhuo Chen3, Jaemin Choi4, Stefan Hoops3, Esteban Meneses?, Tamar Kellner!, Henning Mortveit3, Jae-Seung Yeom?, Laxmikant V. Kale*, Madhav V. Marathe3, Abhinav Bhatele'
'University of Maryland, 2National High Technology Center, 3University of Virginia, 4University of lllinois, °>Lawrence Livermore National Laboratory

Motivation Model (continued) Results

3t : . . . . ) . Strong scaling on Theta
. COVID-19 has made the costs of th Fach person has a schedule getailing which On each simulated day, locations receive alist B When each person leaves a location, we calculate On Theta:
VID-19 has made the costs of the spread | ' fh t and wh N d fh o - et . : 100
of infectious diseases all too clear ocations ey visit and wnhen on each aay o ine of visits, then process the arrivals and departures  the likelihood that they infected someone else or were * The full-US dataset scales linearly up fo 32K = MD - -
C W diob dv for h  outbreak week. - in order of occurrence, keeping frack of who is at  infected themselves: cores (512 nodes) S — e, Us —an
ﬁ ?ﬁ er Cr)} © rCe(C)JVIyD-?rQ er.nen)fr OrU nreo ' % ® ° 0 the same location at the same time. - Infectious people have a chance of infecting each * The California and Maryland datasefs only o 1 S =
\évmeer ien Ginfeevé’rious diseosveo(IIE(I]D) ora o susceptible person at the location when they leave scale linearly up fo 8K cores (128 nodes) S . el el
J g , o , p Mon w , - Susceptible people have a change of being - Above 8K cores, they begin to suffer from S 3 = g
* Responding quickly and infelligently wil 1004 l infected by each infectious person at the location overhead 2 . Se—e T
require modeling a variety of intervention — when they leave « Loimos achieves a speedup of ~40.81 on i l 1 1 | B[E. |
scenarios in a short period of fime EFungi 5 the CA dataset when running on 8k cores O e 1 1 ok ar e 1er
« We set out to design a scalable simulation of 80 - Eﬁiﬁtggg‘ﬁrprims " , _ Number of cores
epidemic diffusion to meet that need 0 M Bacteria or rickettsiae o Strong scaling on Cori L ! . ! 1
E @ ,I;\__i\“ o R 100 MD--E].- 2 4 8 16 32 64 128 256
E ; w w ) CA —©6-- Number of nodes
o 60 - g 9 g '.;> B® i m@ E D Self-solation Effect on Outbreak
LLJ L) o000 @ TS, _ -
: - A 0 %" A W R
: ® : : S P al
|n Order -I-O Inform pollcy decision effecﬁvelyl an 'E 4D_ /\ Q w ﬁ w llid:ri—i’ ﬁ w g 0.1 -E‘Lq‘"‘--...Elﬂ____-ﬁEl “_g Zg :
infectious disease model needs to: = w ‘ ‘ ‘ x 5 sof
il simulate large populations =i ORNO O 0.01 ' : ! : ' : 5 O
vd handle flexible interventions 20 - nt , Conth ol I 128 25: b512f He2k Ak g 20
€] account for uncertainty with large numbers of : : : S : nrerventions can dct on fnese models In Several ways. | umber ot cores . J > 10
opicates Y g The s|mu|o’r|<?n model relies on seyercl assumptions: Infectious « When a person meets some criteria, they adjust - . o 16 - cn 108 “ _Ig
) . .. . o People will not become infectious on the same - their visit schedule 0 20 40 60 80 100 120 140 160 180
do all the above while maintaining a quick turn 0. . day they are infected o Wh I ’r' ’r teriq. visits to that On Cori: Number of nodes 5
around time (at most a day) 1940 1950 1960 1970 1980 1990 2000 . Al fransitions between disease states besides Susceptible 'n‘ locg;i‘oi gfecc:l?j?u?eeg > some crirena, Vislis 1o Thd . Loimos obains @ speedup of ~28 on the Case Study: ’
The rate at which new emeraina infectious initial infections are known when each day starts « When a person meets some condition, their disease CA dataset when running on 4k cores (128 Intections are reducozed.’rhe more people
: >Mmerging h s visit sch le is k tthe start O : : . : o follow the self-isolation infervention
diseases (EIDs) appear is increasing. Taken * Each person’s visit schedule is known at the star - state is changed to one with a different infectivity or nodes) " e <h e domi
from [1] of each day susceptibility owever, the shape of the epidemic curve
' does not change in our simulation
( ( { ] (
Model Parallel Implementation : : Experimental Design Conclusions
. — Loimos Algorithm
We represent diseases using finite state - Every person starts in a susceptible state, We implement Loimos in the Charm++ paraliel o for each day: We perform three experiments: We present a scalable parallel simulation We show that Loimos can:
automata (FSA): moves to an exposed state after being framework. Charm++ is built around organizing code 1 | for each people chare pc: - Two strong scaling studies, on Cori at NERSC and framework for modeling contagion processes, Efficiently utilize resources on the NERSC Cori
- Each state represents a different stage inthe  infected, and progresses through subsequent info combined work-data units called chares. In 5 for each person p: Theta at ALCF Loimos, and demonstrate its capabilities. and ALCF Theta machines
progression of the disease states stochastically Loimos, we use two types of chares: 3 | pc.send(p.visits) - Anintervention case study on self-isolation, with Model the impact of inferventions on a
« Each person maintains a disease state « Simulating a new disease is as simple as People chares: 4 | For ach loestion chame 1o~~~ varying levels of compliance population of interest
throughout the course of the simulation making a new FSA to represent it e Send visit c AO:; cac hoia 1? ¢ ir:e ¢
« This state determines whether or they can messages 6 Or.e?fc: _o;a ton -~ 1
infect — or be infected by — other people . Process |—I 7 ;’:E‘;S S_ = lc.receive(l)
interactions to L L : o :
4 Asympfomqﬁc ) 4 Dead ) determine if an 0 i 0 | -Flnd_ln:ter‘ac-tlons(VlS]-tS) Name  Architecture CPU Cores/Node Mem/Node Network FUfU re work
L L . : o 8 | ¥ ! lc.send(intrs) Cori  Cray XC40 Intel Xeon E5-2698 v3 32 128 GB  Aries
Infectivity: 1.0 | Infectivity: 0.0 nfection r ni——— L] | V| memm e e R e e = m == - o ; 1S
== s > o INTeCTion OCCUrs i 9 | For each peoble chare bc: Theta  Cray XC40  Tntel Xeon Phi 7230 64 192GB  Aries : : : : : :
i | Susceptfibility: 0.0 Susceptibility: 0.0 . Update disease Al N peop pc: . « Swifch to using real state population datasets ¢ Investigate influence of social contact graph
s - ~ _Symptomatic:[] ) _ Symptomatic:[] states | ,"‘ f\\ 10 for.“ each person p: Systems used for experiments « Combine real state population datasets into characteristics on performance
3U§C?Rf'b|9 i . . p ' 1 11 if p.is_infected(): full-US dataset « Implement arbitrary intervention model
Infectivity: OO - Location chares: o ‘ \:"” ! | 12 | p.update_state() . Repeat scaling studies on realistic datasets  « Validate simulation output against related
gusceTphblIl;ry. 1.0 | . ErocessTwsVrs W 13 else: - Implement graph-based static load application results
mptomatic: | « Compurte ALY 14 intrs = pc.receive i . i ' i _
N /1 ( symptomatic ) [ Recovered infection \ 7 15 was infeEted = P Dataeet i peopl  Joeom Paloneing ggsrg%c;eosmulohon ouipuiieatwend
! Infectivity: 1. ivity: O. Al Y — . . . REAL (CoC) 1,332,029 41,119 19,203
s seccelv’lr;rgili]r (')O 0 : lSnfsecCehv’lr;rgili(’a (')O 0 ikelifood P |—I process_interactions(intrs) SYN (MD) 32900000 0250000 1,234.300
uscep Y- U. uscep VoL « Send n | 16! ¥ p.update state(was_infected) SYN (CA) 202,800,130 39,000,025 7,225,344
\Sympfomghc; vy \Symp’romo’nc: P interaction o SYN (US) 1,715,829,570 329,967,225 80,281,600
messages Datasets used for experiments
o . This material is based in part upon work supported by the U.S. Department of Energy, Office of Science, Office of Advanced Scientific Computing Research, Department of Energy Computational )
$°7 U.S. DEPARTMENT OF 9 DOE / UNIVERSITY OF ] Science Grcfjduo’re Fellowship under Award No. DE-SC0021. It is also based :c? por’rfupon work supported by the National Science Foundation under Grant No. CCF—]?]8656. This research used [;%égneéi KbEi'TPOTcejl' N. G., Levy, M.fA"TSToredygord' AI.\'I B?”(' Dzi:’icl;l;fllzqnogéé' |9—-9'3& Daszak, P.
; r r the Argonne Leadership Computing Facility, which is a DOE Offi Science User Facilit rted under Contract DE-AC02-06CH11357, and th the National E R h . [ ingi [ i . , , —993.
7 EN ERGY CSGF 2t M‘ARYLAND ACknOWIedgements Sf:sig?]ﬂ?i?:sgomSuﬁr?gOCeen’reero(NERssg), OOU.Sp.UDegor?rierz/’r of Ercwer;;/]Office ofEii(e)ncz%s(e:reFosceiIi’ryclgcg’rscjjpg’roLoev\/r:nceeBeiglreOyCNoTionol Laboratory, opoer;o’redozenger Ceon’:?olg?oNo.nDeIgXCOeQS—eOrc Refe rences Lﬁps;)//do(ij_o(rjq/qeor} ;3lg/§$i;ggé%gnéec oL CbEahes. TATe ( )

' KRELL
S~/ KRELL .. 05CH11231 using NERSC award DDR-ERCAPO018674.


https://doi.org/10.1038/nature06536

	Slide Number 1

