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The S.I.s.a.R model

Susceptible, Infected, symptomatic, asymptomatic, Recovered
* Making the invisible visible

* Shield against the odds

[using an agent-based model]



Preliminary note (1/4)

This is a simulation with random events, please do not take it a a
sure forecasting machine, it is a reasoning machine, a sort of very
complex "what if" mental experiment.

The New York Times offers us an analysis on the The Covid-19
Riddle: Why Does the Virus Wallop Some Places and Spare Others?]

https://www.nytimes.com/2020/05/03/world/asia/coronavirus-
spread-where-why.html (open link).
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https://www.nytimes.com/2020/05/03/world/asia/coronavirus-spread-where-why.html

Preliminary note (2/4)

At the end of the article, we read: Roll of the Dice - Finally, most experts
agree that there may be no single reason for some countries to be hit and others
missed. The answer is likely to be some combination of the above factors, as
well as one other mentioned by researchers: sheer luck.

In the same way, in the simulations run with this model we can have very
different outcomes as we change the initial seed of the random numbers.
Those values are determining mainly the movements at a tiny scale and so
the interactions-infections chains.



Preliminary note (3/4)

We can use the model in a comparative way, observing different
range of results with different initial conditions (parameters).

Finally, to have a reference at an actual situation, the model is
related to the Piedmont scale, with 4,350 agents vs. 4.35 millios
of inhabitants.

We look also to the time series of the total infected people in
Piedmont (an Italian region).



(4/4)
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Goals:

verify and manage the contagion effect of the nursing homes

(RSA in Italian);
verify and manage the contagion effect of the hospitals;
create scenarios of future developments, based on hypotheses

and conditions; also run counterfactual simulations with
different behaviors in the first phase (to learn for the future).



Simulated experiment I

* Lockdown March 9; let us suppose the starting point 20 days
before, so in the simulation the lockdown starts at day 20,
with 5% off people anyway going around, in a limited way.

* Lockdown partially relieved at May 4, in the simulation at day
75, with 5% off people anyway going around plus 40% of zon
fragile people going around; all in a limited way.



An agent

based-model

in a movie

May 2020

. o')‘x

»
*¥
xX
——
—

e
o

&

. 7 IR )

.S X g 3}# . ....,. )

- ; :.0*: xh i?-.r x°* m 3<
a JY

.x.&c,:: ) ? T ’&{fi;*"‘

'?'&1‘%?’*‘8& .

.- :;'x' ....x‘ﬁ‘%iégq “,}

o

fﬁﬂ.‘%&ﬁt

X o .‘ g ";I,

(W

-.-.. ,.' ’;E. ‘e
..0 o..O m [
A ‘. 0.. ox.. )
:.
[
x
e
S
xj N

s

A nursing

home spreading
the contagion,
look at the
right up zone

In the pdf version of
the slides you can see
the movie clicking
here


https://terna.to.it/simul/NH&contagion.mov
https://terna.to.it/simul/NH&contagion.mov

Simulated experiment I: summary of infected people
(cumulated values)

Visit  Oper.s Day 60  Day 100 Outlook

nursing homes

No No 9 28 quite good
No  Yes 15 40 quite bad
Yes  Yes 35 94 very bad

Actual datum 24



Simulated experiment I: summary of infected people
(cumulated values)

Visit  Oper.s Day 60  Day 100 Outlook
nursing homes

/ counterfactual
No No 9 28 quite good
No  Yes 15 40 quite bad
Yes  Yes 35 94 very bad

Actual datum 24



S.ls.aR. v.0.7.6
See COPYRIGHT AND LICENSE in

Info sheet out!

Scroll on the right to

— et G-

Please zoom
8.1 Susceptible subject go closer to them; let suppose

- Susceptible (total)

gnyMu Susceptible-Fragile
- Infected mmnmm:

asymptomatic Infected people, if any, increase the
probability of getting the infection because

an increase of D%
The infection can generate a

(i) symptomatic (red) or (ii) an
{(violet) subject,

“ stocks at current tick

About the seed of the  orange area => nursing homes any green - Recovered (total following the condition of (i) fifected fraglie
random numbers see cyan area => houses turquoise - Recovered-ex-symptomatic  fragile or (ii) regular people 4
info x, fragile persons; *, hospital operators; A, nursing home black - Dead
If cities&towns is On, after ;E“c_:!sc . Iﬂ stocks in each tick e fr atic
hitting "setup’ we have to wait  ||* E wIT T"; 4780 10
while the program executes the TTT TJ‘;, %T;¥ -
initial people distribution ITT FTT w BT T
#m - B M e
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infected individuals inf Ll o L'EE%‘ "Fi Eltit
nfected individuals infos 2t ¥§Tz € b8 iggc .
: TV THTTT g
e hass ng gs A stocks in each tick without Susceptible
§E-é';IT¥ v Y " wET €C
Se TT HiWT ii}' ; _IY__!r"'r counting asymptomatic too
* Iz ELr lri ™T
T T T
3 TTr ™ . T AT
infection data Egc # W i
; jhiiH '
e
it wchyy K
%WT T*csc ﬁi L
from symptomatic people

HOW TO PREPARE A SCRIPT
Insert the sequences of three
items in the window on the
right, by row as in the example
here. You also can use the
script to set the initial values
(and keep note of them). Do
not forget to end the last row
with the return (o enter) key.

tick shortName value
60 %PeopleAny 20

May 2020

0 means NEVER; > 0, from that tick

70 %Peopl

(yon can use empty rows to
improve readability)
>>>

dictionary on the right

0 %PeopleAny 5

0aHO
0aNH 1

RO at the end of each day
3 basic reproduction ratio:
(horizontal black line indicates 1)
look at the info sheet fo lations

o LIl

0 73.8

while the lockdown is on

no visits no operators 60 days

draft

>>>
on the right RO values

HOW TO SAVE THE INTERFACE

Right click in an emply space and
select Export interface, then choose
file name and folder

LONG NAMES / SHORT NAMES / VALUES

random-seed seed intNuber at tick 0 or 1
myStop  myStop 1...1000

ratiolnitialinfected? ratio 0...100
mininfectionDuration mininf 1...20
maxinfectionDuration maxinf mininf...35
incubationPeriod incub 0...15
#contagionCyclesPerTick #contag 1...10

%PeopleAnyTypeNot icLeavingHome %PeopleAny
1..100
%PeopleNotFragil Home %PeopleN
1..100

activateHospitals aH (0 off, 1 on)
activateNursingHomes aNH (0 off, 1 on)
activateHOperators aHOp (0 off, 1 on)
activateNHOperators aNHOp (0 off, 1 on)

lockDown lock (0 off, 1 on)
radiusOfinfection radius 0...1
sdRandomMovement sd 0...1
probabilityOfGettinglnfection prob 0...1

peopleVlsmngNHs pvNH (0 off, 1 on)
InfectedTol itals¥ assH 0..100

12



S.ls.aR. v.0.7.6
See COPYRIGHT AND LICENSE in

Info sheet out!

Please zoom

8.1

asymptomatic Infected people, if any, increase the
probability of getting the infection because
Susceptible subject go closer to them; let suppose

an increase of D%

stocks at current tick

HOW TO PREPARE A SCRIPT
Insert the sequences of three
items in the window on the
right, by row as in the example
here. You also can use the
script to set the initial values
(and keep note of them). Do
not forget to end the last row
with the return (o enter) key.

{you can use empty rows to

dictionary on the right

N - (total) Infected in n. h.
Scroll on the right to gray darker - Susceptible-Fragile The infection can generate a o
repare a script, if red - Infected symptomatic (i) symptomatic (red) or {ii) an
hospitals _ prep Pt - Infected & {violet) subject,
orange area => nursing homes e ANy green - Recovered {total following the condition of i) Infected fragile
cyan area => houses turquoise - Recovered-ex-symptomatic  fragile or (ii) regular people 9
x, fragile persons; *, hospital operators; A, nursing home black - Dead
If cities&towns is On, after ﬁgc!ic - . ;-'T; stocks in each tick new InfectedSymptomatic tick shortName value
hitting "setup’ we have to wait |+ € on &T 4780 10 1
T 60 %PeopleAny 20
while the program executes the R A ] '{;H — o eop‘e ny
initial people distribution ;FTT X 114 . B TFTT 70 %Peop 40
Him o o i 28 :
Authomatically y R s ﬂ’{ w
stops as no more §§Jﬁ T“I'!q T ITT ¢ Pt
infected exist - ¢ T a2 St 75 oy Recovered improve readability)
}"[; TTT TT‘{ x ;}; 56 >>>
or finish at tick T TTITT ans IT% PIT
myStop (if not 0) . e N Infected stock
T 20.7
#r . T -7in each
11 u o 4 b5 L tick
T ITT TIiT TTETT
TT FETTe T ™T ITT
* WETEC T
infected individuals inf < e e Filebeltil
nfec! individuals infos T Twr# T;Igégz .
*
= B —,
- TTT THTAT € 'I‘T‘¥
o TWSEE& = B stocks in each tick without Susceptible
b7 TITECE 74.8
T NNT ECE =
e c
25 e | o counting asymptomatic too
;H'T;grr =T
. T T
infection data - £ 2 N
TR
0 %PeopleAny 5

0 116
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:

0 means NEVER; > 0, from that tick

1

from symptomatic people

116

0aHO
0aNH 1

RO at the end of each day

44 basic reproduction ratios
{horizontal black fine indicates 1)
look at the info sheet for calculati

o i 116

HOW TO SAVE THE INTERFACE

Right click in an emply space and
select Export interface, then choose
file name and folder

LONG NAMES / SHORT NAMES / VALUES

random-seed seed intNuber at tick 0 or 1
myStop  myStop 1...1000

ratiolnitialinfected? ratio 0...100
mininfectionDuration mininf 1...20
maxinfectionDuration maxinf mininf...35
incubationPeriod incub 0...15
#contagionCyclesPerTick #contag 1...10

yTypeNot L

%PeopleA Home %PeopleAny

Home %P

activateHospitals aH (0 off, 1 on)
activateNursingHomes aNH (0 off, 1 on)
activateHOperators aHOp (0 off, 1 on)
activateNHOperators aNHOp (0 off, 1 on)

lockDown lock (0 off, 1 on)

while the lockdown is on

no visits no operators 100 days

draft

>>>
on the right RO values

radiusOfinfection radius 0...1
sdRandomMovement sd 0...1
probabilityOfGettinglnfection prob 0...1

peopleVisitingNHs pvNH (0 off, 1 on)
i InfectedTol Is% assH 0..100

13



S.ls.aR. v.0.7.6
See COPYRIGHT AND LICENSE in
Info sheet

asymptomatic Infected people, if any, increase the
Please zoom probability of getting the infection because HOW TO PREPARE A SCRIFT RO at the end of each day

Insert the sequences of three
Susceptible subject go closer to them; let suppose . N N N 3 basic reproduction ratio:
out! 0.1 an IM‘:“_“ chJ,‘ e PP “ stocks at current tick items in the window on the {horizontal black e inalicates n

N aTh right, by row as in the example look at the info sheet for calculations
Scroll on the right to gm (mi Feanlh The infection can generate a ':’ oo here. You also can use the
repare a script, if red - Infected symptomatic (i} symptomatic {red) or {ii} an script to set the initial values
prep Pt violet - Infected ) (violet) subject, (and keep note of them). Do
‘About the seed of the  orange area => nursing homes any green - Recovered {tota following the condition of () "'SW traglle not forget to end the last row
random numbers = turquoise - Recovered- ex- symptomatic le or (ii) regular people !
info see  cyanarea => houses x, fragile persons; *, hospital operators; A, nursing home black - Dead . a eguiarpeop with the return (o enter) key.
Seec T 8 = — InfectedSymptomatic
:I:"I:“."mw".s Is On, after -ﬁcgt P Stucks fn eack tick — 7 tick shortName value n
g 'setup’ we have to wait ﬁ'; ;ir_r_r-r - 4780 10 60 %PeopleAny 20 0 _ .
while the program executes the a TYTT TR TINT - N
initial people distribution ;‘H'ﬂ frasis . 8 FETT Fﬂ 70 %Peop 40 I
ATHT 17T 5T ¥ 17
Authomatically TIC _Ta% | T W e (you can use empty rows to Right click in an emply space and
stops as no more W Ty T o ) s i
+E T " TITITT i1 Recovered improve readability) select Export interface, then choose
infected exist -y ] g - ) o 17 file name and folder
» >>>
or finish at tick ";é# 1h ‘T"'fi wﬁ'ﬁ} dictionary on the right
myStop (if not 0) Iﬁ LT ‘ LONG NAMES / SHORT NAMES / VALUES
T gd \
a .'rﬁ wm i”,‘; random-seed seed intNuber at tick 0 or 1
§-. : mccg T T myStop myStop 1...1000
. (< I & TTIT
infected individuals infos c n‘i 111:3 cg! .’ﬁ ‘EI%%IT;T . o\ A m I ratiolnitialinfected ratio 0...100
P = 5 g 7T a L o | mininfectionDuration mininf 1..20
™TTE  ITE maxinfectionDuration maxinf mininf...35
TTTE g T stocks in each tick without Susceptible cumulative incubationPeriod incub 0...15
Irrece Y 34.1 35 asyn . #contagionCyclesPerTick #contag 1...10
;T ?Rﬁ counting asymptomatic too '. - %PeopleAnyTypeNot icl ingHome %PeopleAny
L0304 pleNotFragi Home %PeopleN
i H 15 |nf8ttsd 1..100
T ™ not counting asymptomatic
e Dead activateHospitals aH (0 off, 1 on)
TR LT '{;E 5& T _f 1 activateNursingHomes aNH (0 off, 1 on)
TyavT mRCgC pi 0 Z activateHOperators aHOp (0 off, 1 on)
73.8 t 73.8 | from symptomatic people activateNHOperators aNHOp (0 off, 1 on)
lockDown lock (0 off, 1 on)

_ while the lockdown is on >>> sdRandomMovement sd 0...1
on the right RO values probabilityOfGettingInfection prob 0...1

no visits yes operators 60 days Beanmenaelnfecte ToHospia1 a5sH 0.100

b |

s orlll| G

_ 0 means NEVER; > 0, from that tick radiusOfinfection radius 0...1
A3y peonevsnaes |
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See COPYRIGHT AND LICENSE in

Info sheet out!

Please zoom

asymptomatic Infected people, if any, increase the
probability of getting the infection because

Susceptible subject go closer to them; let suppose
an increase of D%

“ stocks at current tick

HOW TO PREPARE A SCRIPT
Insert the sequences of three
items in the window on the
right, by row as in the example
here. You also can use the
script to set the initial values
(and keep note of them). Do
not forget to end the last row
with the return (o enter) key.

(you can use empty rows to

dictionary on the right

Scroll on the right to ity o The infection can generate a Infected in n. h.
iDL if  eed ~ nfected # ; (i) symptomatic (red) or (ii) an 0
orange area => nursing homes e ANY green - Recovered {total) fnllowlng the condition of {i} Infected fragile
cyan area => houses turquoise - Recovered-ex-symptomatic  fragile or (ii) regular people 14
x, fragile persons; *, hospital operators; A, nursing home black - Dead
If cities&towns is On, after ;Z:E;C § i | stocks in each tick new cases InfectedSymptomatic tick shortName value
hitting "setup’ we have to wait £ iy Fea 4780 10 18
60 %PeopleAny 20
while the program executes the ||, e " L&, | }' i S eop.e ny
initial people distribution TTF 'nti o TETT 70 %PeopleNot 40
g " H 3 z
Authomatically z-rggg{ - T'rgﬂ’ TH iﬁ ﬁ"l"
stops as no more iy o E . n
infected exist T §E K a RERL SR . H:} Recovered improve readability)
Iip eTTT 17 il 65 S>>
or finish at tick Tl;" 1'41[1‘1 H‘r T i b
myStop (if not 0) : e “”}’; '|'.T Hvﬂ
T
S R PR B
c T Trrerey T ITe
Ctg ErTCCE TIvT
CCTNT 1r‘rtt c 31 C ITIT
infected individuals infos < o cg ri&gdrm
. TTT (4 0 0
TTT T-T#T e Iz’t
TIT TTTCECSE P T = G Savces ecov/ ToWop)
I el ks AT EC 45977011
gcagq‘ o TT_ - WET €C
EG TTTZ ‘1(;¥ TH iT; ;;& ;{r; counting asymptomatic too
T "Tqﬁ ] %Recov/TotPop
c L3 T T TT
infection data " #3 ;,‘H_'T'T }'NI’T' gir 0.55172413793
- ¢ R 4 H H
0aHO
116 0 ‘_ 116 | from symptomatic people OaNH1
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:

0 means NEVER; > 0, from that tick

lﬂnﬁe-‘cf-:hhy

HOW TO SAVE THE INTERFACE

Right click in an emply space and
select Export interface, then choose
file name and folder

LONG NAMES / SHORT NAMES / VALUES

random-seed seed intNuber at tick 0 or 1
myStop  myStop 1...1000

ratiolnitialinfected¥ ratio 0...100
mininfectionDuration mininf 1...20
maxInfectionDuration maxIinf mininf...35
incubationPeriod incub 0...15
#contagionCyclesPerTick #contag 1...10

%PeopleAnyTypel icl {ome ¥%PeopleAny
1..100
%Peopl gil fome %PeopleN
1..100

activateHospitals aH (0 off, 1 on)
activateNursingHomes aNH (0 off, 1 on)
activateHOperators aHOp (0 off, 1 on)
activateNHOperators aNHOp (0 off, 1 on)

lockDown lock (0 off, 1 on)

while the lockdown is on

no visit yes operators 100 days

draft

>>>
on the right RO values

radiusOfinfection radius 0...1
sdRandomMovement sd 0...1
probabilityOfGettinglnfection prob 0...1

peopleVlsItmgNHs PpvNH (0 off, 1 on)
tedToH Is% assH 0..100

15



S.ls.aR. v.0.7.

6 asymptomatic Infected people, if any, increase the HOW
See COPYRIGHT AND LICENSE in Please zoom probability of getting the infection because X mnap'f’ﬁ:c: :ﬁ?‘;{e . RO at the end of each day
Info sheet out! 8.1 Susceptible subject go closer to them; let suppose “ . . h qu 5.5  basic reproduction ratios,
: an increase of D% stocks at current tick items in the window on the (horizontal black fine indbcates 1)
= e right, by row as in the example look at the info sheet fot calculations
Scroll on the right to gm (mi The infection can generate a — here. You also can use the
prepare a script, if red - Infected symptomatic (i} symptomatic (red) or {ii} an 0 script to set the initial values
pink area = . violet - Infected e (violet) subject, (and keep note of them). Do
orange area => nursing homes ————— ElJ green - Recovered { ;l:"nlr"‘g (‘:l‘)! CD"‘I’""’" Ofl“) '"l':‘u fragile not forget to end the last row
- ise - Recovered-ex-: le or regular people .
cyan area => houses x, fragile persons; *, hospital operators; A, nursing home :::otum S symptomatie ag “ peep with the return (o enter) key.
If cities&towns is On, after ﬁiccgc N ;g stocks In each tick Bew, " tick shortName value
hitting 'setup’ we have to wait e s P 4780 10 17 PeonleA 9
while the program executes the ) pL S — . e e - 60 % eople, ny 20 o 73.8
initial people distribution TT 'r¥§ a T‘;TT 70 %Peop 40
B 0§ Rk . ki P HOW TO SAVE THE INTERFACE
e ore *gc TH 1T i #? ik (you can use empty rows to Right click in an emply space and
Inf:md exist ",cmg S_TT a IITIrT s b improve readability) select Export interface, then choose
TETTT T'IT " >>> file name and folder
I T T
m:ll:r;‘?:" ek , IT W tﬁ T H;‘[ % ﬁ$ dictionary on the right

LONG NAMES / SHORT NAMES / VALUES

random-seed seed intNuber at tick 0 or 1
myStop  myStop 1...1000

ratiolnitialinfected? ratio 0...100
mininfectionDuration mininf 1...20
maxinfectionDuration maxinf mininf...35
incubationPeriod incub 0...15
#contagionCyclesPerTick #contag 1...10

stocks in each tick without Susceptible

%PeopleAnyTypeNot icLeavingHome %PeopleAny
1..100
%PeopleNotFragil icLeavingHome %PeopleN
1..100

0 %PeopleAny 5
activateHospitals aH (0 off, 1 on)

DaHO activateNursingHomes aNH (0 off, 1 on)
DaNH 1 activateHOperators aHOp (0 off, 1 on)
activateNHOperators aNHOp (0 off, 1 on)

73.8 from symptomatic people

’ﬁ]ﬁ
0 means NEVER; > 0, from that tick 5
sdRandomMovement sd 0...1

_ probabilityOfGettinglnfection prob 0...1

yes visit yes operators 60 days ESlmenthaeifecedTonaspar ass 0100

lockDown lock (0 off, 1 on)

radiusOfinfection radius 0...1
while the lockdown is on >>>

on the right RO values

May 2020 draft 16



SlsaR v.0.7.6 asymptomatic Infected people, if any, increase the
See COPYRIGHT AND LICENSE in Please zoom probability of getting the infection because mﬁ?mpgaﬁtﬁﬁme . RO at the end of each day
info sheet out! Sus‘cgptlble slf‘l';j:‘(t go closer to them; let suppose “ stocks atcurrantiick  ftems In the v e the 11 o rereducton
N [ U R R — dow {horiz line indicates
N i e right, by row as in the example look at the info sheet for calcul
Scroll on the right to n;:::ws (WH)" Feacik The infection can generate a '; nn. here. You also can use the
prepare a script, if red - Infected symptomatic {i} symptomatic {red) or {ii) an script to set the initial values
20 ’ - n . Y {vlalet subject, Infected fragil (and keep note of them). Do
orange area => nursing homes ——————— green - Recovered {total) _ :‘:"‘:r'"g (‘I’I‘)e cumlﬂﬂon Oflm “32 fragile not forget to end the last row
cyan area => houses x, fragile persons; *, hospital operators; A, nursing home mb;-:m-ﬂﬂw safeer reauarpeere with the retur (o enter) key.
If cities&towns is On, after zi%‘ <. * ;‘; stacks in each tick new cases I tick shortNa |
hitting "setup” we have to wait * S o r'; 4780 22 41 6‘;%; | Am! ‘Z’; - 0. pALS . 1|
while the program executes the g1 Y 1% — eopleAny o 116
initial people distribution T;T T W TETT B 70 %PeopleNot 40
i T TIT - ;ﬂl 165 HOW TO SAVE THE INTERFACE
Authomatically TIC T i r s 1. '{_ﬁ ﬂ:; {you can use empty rows to Right click in an emply space and
stops as no more = T £ I g Recovered improve readabili select Export interface, then choose
infected exist mrTeReTT * AT " )
; s file name and folder
IETTT $ oy #; 138 >>> i
or finish at tick I T « 111 Tary icti i
myStop (if not 0) 5 ﬁ \" T L owh T . Infected stock dictionary on the right LONG NAMES / SHORT NAMES / VALUES
il * L : TTE 182in each
eCES ‘ﬁq¥ = b d x T imy * tick random-seed seed intNuber at tick 0 or 1
‘_é §§ Tﬁ e . ".c - T L ;,ﬁ% - myStop  myStop 1...1000
.
infected individuals infos ‘ -'lrﬁ T “ ﬁiﬁ%i"" R ratiolnitialinfected¥ ratio 0...100
J g THIIT &¢ L mininfectionDuration mininf 1...20
. 1 ‘i( [ T 116 ‘
. L TTIT e TTY maxInfectionDuration maxIinf mininf...35
ﬁ e | 111 th;GEg ] T stocks in each tick without Susceptible incubationPeriod incub 0...15
_ gc,;ii } . e , adrece #contagionCyclesPerTick #contag 1...10
EEﬁTT hans i i * 11 e caunting asymptommtic oo %PeopleAnyTypek il fome %PeopleAny
N ITITT T 1..100
= "y T %peopl " Home %P
infection data igc B i&ﬁ * !E“T ;;i 1.100 h
T T T T; aT n:
wTT T activateHospitals aH (0 off, 1 on)
h? ng ga I 0DaHO activateNursingHomes aNH (0 off, 1 on)
I [HT RCEC i ! 0aNH 1 activateHOperators aHOp (0 off, 1 on)
: 2 116 0 t 116 | from symptomatic people activateNHOperators aNHOp (0 off, 1 on)
= T
_ 0 means NEVER; > 0, from that tick 5

188
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while the lockdown is on

yes visit yes operators 100 days

draft

>>>
on the right RO values

radiusOfinfection radius 0...1
sdRandomMovement sd 0...1
probabilityOfGettinglnfection prob 0...1

peopleVisitingNHs pvNH (0 off, 1 on)
i RatelnfectedToH Is% assH 0..100

17
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