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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE

@ According to the WHO, since 2006 there is an ongoing viral
epidemic of Avian Influenza Virus H5N1, worldwide

— https://de.wikipedia.org/wiki/Vogelgrippe_H5N1
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

[~

)

H5N1 is primarily infecting lung and trachae

Substrain H7N9 is very similar (infects primarily upper parts of
the respiratory tract, e.g. trachae, not directly lung) and also
found in humans with proven animal-2-human transmission
and suspected human-2-human transmission activity

Mortality in humans is approximately 40% !

No immediate threat as current human-2-human transmission
rate is not very high !

Close monitoring is needed !

A 5th epidemic in China (2016) has revealed significant viral
adaptation to the human respiratory system !

— https://de.wikipedia.org/wiki/Vogelgrippe _H7N9

— https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3805702
— https://doi.org/10.1016/j.chom.2017.09.008

— https://www.cdc.gov/mmur/volumes/66/wr/mm6609e2. htm
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

@ Cell to cell transmission time in H7N9 is approximately 14h

@ Reproduction number is =22, i.e. 1 infected cell causes 22
new infected cells

@ Growth kinetics of H7N9 reaches a plateau at 24h post
infection

@ H7N9 target cells are typically ciliated cells, goblet cells, basal
cells, preciliated cells, not so much alveolar cells type | and Il
and macrophages, endothelial cells, interstitial cells,
indeterminate bronchiolar, bronchiolar secretory cells;

@ H7NO viral load reaches a concentration max of a~10°

— https://doi.org/10.1128/JVI.01623-05
— https://doi.org/10.3201/eid2401.171574
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

@ Growth Kinetics (H7N9): At=14h

Infected Cells ® 1
At

Surviving Cells N

— https://doi.org/10.1128/JVI.01623-05
— https://doi.org/10.3201/eid2401.171574
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Exercise

Q1) Look into h7n9_v2.c (the standard ANSI C ver-
sion) and figure out a reasonable value for parameter
NMB_INITIAL_INFECTION_ATTEMPTS to actually end
up with status 'infected’

— https://tinyurl.com/cuda4dummies/i/t/h7n9_v2.c
— https://tinyurl.com/cudad4dummies/i/t/h7n9_v2.gnuplot
30 min
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Al) NMB_INITIAL_INFECTION_ATTEMPTS ~ 100
Within 10 trial runs we should receive status 'infected’ at
least once !
i) vi./h7n9_v2.c
vi ./slrm.sbmt.q1.scrpt

sbatch ./slrm.sbmt.ql.scrpt
i) once the result file, h7n9_v2.0.dat, ends with something

other than

“¥*¥* not infected with H7N9 ***” we can continue pro-
cessing directly on the login node,

module load gcc/7.2 gnuplot/5.0.5

tail -130 ./h7n9_v2.0.dat | head -126 > ./h7n9_v2.1.dat
gnuplot "./h7n9_v2.gnuplot"

gs ./h7n9_v2.eps
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Exercise

Q2) Does a determined number of 100 attempts make sense in the
context of #cells_total versus #cells_in_lung_like_tissue
which is used here to quantify infection probability ?

10 min
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

A2)

yes, it does, ie 4.00e+11 / 3.72e+13
biologically, probably not so much, because many of the in-
cluded types of tissues won't be exposed to the outside world;
on the other hand, those tissues with larger cell counts do
mainly fall into this latter class of exposed tissues, e.g.

2.63e+13 blood: erythrocytes

1.45e+12 blood: platelets

1.85e+12 skin: dermal fibroblasts

2.54e+12 vessels: endothelial cells
exclusion: 3.00e+12 nervous system: glial cells
so 3le+12 out of the 37e+12 would be critically exposed
— when including blood, ie mosquitos, gum bleeding, minor
wounds etc.
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Exercise

Q3) Without any reaction of the immune system, how long does

an infected organism typically survive 7
What can be said about the characteristics of growth and

distribution of virus particles 7

5 min
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

A3) 126 hours. Very steep onset and strong exponential growth
at some point almost instantly affecting all the cells of the
target tissue once a critical lower bound is overcome,
gs ./h7n9_v2.eps
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Exercise

Q4) What changes are required to get h7n9_v2.c running on the
GPU ? Should we worry about memory and other types of
optimization 7

— 35 min
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

A4) i) Writing a GPU kernel that replaces the j-loop
in function monitor_infection_progress()

i)  Substituting the j-loop in function moni-

tor_infection_progress() with an appropriate

kernel execution configuration
iy Changing memory allocation calls to make use
of managed unified memory
iv) vi./h7n9_v2.cu;
vi ./slrm.sbmt.q4.scrpt
sbatch ./slrm.sbmt.q4.scrpt

— https://tinyurl.com/cuda4dummies/i/t/h7n9_v2.cu
— https://tinyurl.com/cudaddummies/i/t/h7n9_v2.gpu.gnuplot
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

v)  Again, once the result file, h7n9_v2.gpu.0.dat, mon-
itors an ongoing infection, we can proceed directly
on the login node,
module load gecc/7.2 gnuplot/5.0.5
tail -130 ./h7n9_v2.gpu.0.dat | head -126 > ./h7n9_v2.gpu.1.dat
gnuplot "./h7n9_v2.gpu.gnuplot"
gs ./h7n9_v2.gpu.eps

vi)  No need for code optimization at this point !

Using nvprof we see 250ms in cudaMallocManaged|()
versus 6ms in kernel update_nmb__infected_cells()
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

@ Time course of a typical immune response to viral infection
(poliomyelitis)
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— http://www.virology.ws/2009/03/11/chronology-of-an-acute-infection
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Exercise

Q5) Taking into account defense strategies of the immune system
in a very general way is shown in h7n9_v4.c (standard ANSI
C version). How was the immune system actually “factored
in” ? Examine the code, carry out the steps required for
plotting the time evolution of the virus;

— https://tinyurl.com/cuda4dummies/i/t/h7n9_vé.c
— https://tinyurl.com/cudad4dummies/i/t/h7n9_v4.gnuplot
25 min

PRACE TrAINING EVENT, DEC 10-11, 2020 — CUDA 4 DUMMIES

J'| IENNA
B CIENTIFIC
[HLUSTER


https://tinyurl.com/cuda4dummies/i/t/h7n9_v4.c
https://tinyurl.com/cuda4dummies/i/t/h7n9_v4.gnuplot

FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

A5) i) nmb_infected_cells[j] *= exp(-0.000010969388*time*time);
iy vi./h7n9_v4.c
vi ./slrm.sbmt.q5.scrpt
sbatch ./slrm.sbmt.q5.scrpt

iii)y  Provided the result file ./h7n9_v4.0.dat again mon-
itors an onging infection, we continue with visual-
ization directly on the login node,
module load gcc/7.2 gnuplot/5.0.5
tail -499 ./h7n9_v4.0.dat > ./h7n9_v4.1.dat
gnuplot "./h7n9_v4.gnuplot"
gs ./h7n9_v4.eps
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Exercise

Q6) What changes are required to get h7n9_v4.c running on the
GPU ? How is the exp()-function handled inside the kernel ?
Should we now worry about memory- and other types of op-
timization ?

— https://tinyurl.com/cuda4dummies/i/t/h7n9_v4.cu
— https://tinyurl.com/cudaddummies/i/t/h7n9_v4.gpu.gnuplot
30 min
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Ab6) i) Writing a GPU kernel that replaces the j-loop
in function monitor__infection_progress() now
also including the exp() part responsible for
modeling the immune response; the task is
practically analogous to Q4)

i) The exp() is coming from the CUDA standard
environment, this can be seen from dropping
the -Im at compile time

iy vi./h7n9_v4.cu
vi ./slrm.sbmt.q6.scrpt
sbatch . /slrm.sbmt.q6.scrpt
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

iv)  provided we had captured a true infection in
h7n9_v4.gpu.0.dat, visualization may again
be done on the login node,
module load gcc/7.2 gnuplot/5.0.5
tail -499 ./h7n9_v4.gpu.0.dat > ./h7n9_v4.gpu.1.dat
gnuplot "./h7n9_v4.gpu.gnuplot”
gs ./h7n9_v4.gpu.eps

v) Again, a quick profiling check with nvprof re-
veals much more time spent in cudaMalloc-
Managed() rather than the kernel, so no need
for optimizations yet;
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

@ Innate and adaptive immunity

Kinetics of various anti-viral mechanisms

Innate immunity Adaptive immunity
c'::l(s Virus-specific
IFN-ot + i CTLs Anibod
IFN-B | nibody
Virus

Magnitude of response/infection ==

0123 456 7 8 0101112
Days after viral infection e=———————

Cellular and Molecular Immunology, 7th ed., 2012 Elsevier

— https://www.elsevier.com/books/cellular-and-molecular-immunology/abbas/978-1-4377-1528-6
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FirsT STEPS wiTH CUDA

EXAMPLE: AVIAN FLU — INFECTION TIMELINE CONT.

Bonus Exercise

Q7) Given the different time scales of innate and adapative parts
of the immune system, how could the current simulation of
H7N9 infection be modified to account for both ?
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FirsT STEPS wiTH CUDA

GENERAL USAGE

Bonus Exercise 2

Q8) Considering our example
multiple__thread__blocks_matrix_addition.cu
how could we modify the kernel to make use of 1-dimensional

threadblocks 7

— https://tinyurl.com/cudaddummies/i/11/multiple_thread_blocks_matrix_addition.cu
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