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$ date -d "2024-02-01 + 1 month" +%F
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$ date -d "2024-01-31 + 1 month" +%F

2024-03-02
$ date -d "2024-02-01 + 1 month" +%F

2024-03-01
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» 1 month =30 days (Council of European Communities)
» When do leapers become adults?

e 28 February in New Zealand, Taiwan
e 1 March in France, Germany, Hong-Kong

— Formal, flexible semantics required! Focus on Gregorian calendar.
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values v o= (y,md)| L
date unit 0 == y|m|d
expressions e = v|e 45 n

29 if m =2 Ais_leap(y)

28 if m =2 A —is_leap(y)

30 ifm e {Apr, Jun,Sep,Nov }
31 otherwise

nb_days(y, m) =






ADD-DAYS-ERRT1
d<1

(v;m,d)+gn — L




ADD-DAYS-ERR1 ADD-DAYS-ERR2
d<1 d > nb_days(y, m)

(yvmad)+dn_>J— (yvmad)-i_dn_)l



ADD-MONTH
1T<m+n<12

(y7m7d)+mn_>(yam+nad)



ADD-MONTH ADD-MONTH-OVER
1T<m+n<12 m+n>12

(yvmad)+mn_>(yam+nad) (yam:d)+mn_>(y+1:m7d)+m (n_12)



ADD-MONTH ADD-MONTH-OVER
1T<m+n<12 m+n>12

(y7mad)+mn_>(yam+nad) (yam:d)+mn_>(y+1:mad)+m (n_12)

Similar cases for ADD-MONTH-UNDER, year, day addition.
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(2024,01,31) 4+ 1 — (2024, 02,31)

Rounding to valid dates required!

roundingmode r == 1T|||L
expressions e == vl]e +yn|rnd,e

rnd; (2024, 02,31) = (2024, 03,01)
rnd, (2024, 02,31) = (2024, 02, 29)
rnd, (2024,02,31) = L



ROUND-NooOP
1< d < nb_days(y,m)

rndr(yam,d) — (y7m7d)



ROUND-NoOP ROUND-DOWN
1< d < nb_days(y,m) d > nb_days(y,m)
rnd,(y,m,d) — (y,m,d) rmd(y,m,d) — (v, m,nb_days(y, m))



ROUND-NoOP ROUND-DOWN

1< d < nb_days(y,m) d > nb_days(y,m)
rnd,(y,m,d) — (y,m,d) rmd(y,m,d) — (v, m,nb_days(y, m))
ROUND-UP

d > nb_daYS(y,m) (yam’d) +m 1 _*) (ylam,ad,)
rndT(ya m, d) - (yla ml7 1)




ROUND-NoOP ROUND-DOWN
1< d < nb_days(y,m) d > nb_days(y,m)
rnd,(y,m,d) — (y,m,d) rmd(y,m,d) — (v, m,nb_days(y, m))
ROUND-UP ROUND-ERR2
d > nb_days(y,m)  (v,m,d)+m 1> (/,m’ d) d > nb_days(y, m)
rndy(y, m,d) = (v, m’,1) rnd; (y,m,d) — L
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Given a period (ys, ms, ds):

e+ (ys,ms,ds) == rnd,((e +y, ys) +m ms) +4 ds

Avoids double rounding

A date expression e is ambiguous iff rnd (e) = L
iff roundings e yield different values

10
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= core result needed for our static analysis




Rounding-insensitivity Static Analysis
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d + 1 month <= April 15 2024

» No rounding? Safe
» Otherwise, the rounding of d + 1 month will not change the comparison.

d + 1 month <= April 30 2024

» Rounding-sensitive comparison d = March 31 2024

= Prove rounding-insensitivity of an expression e, E+[e] = E,[€]

To reduce the need for costly legal interpretations

15



Rounding-insensitivity Static Analysis

Abstracting dates in a fixed rounding mode
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» Defines addition, accessors, projection, lexicographic comparison
» Translates constraints on dates into numerical constraints

date dq ~» ghost numerical variables d(d1), m(d+), y(d)
» Acts as a functor lifting a numerical abstract domain

d(dy) € [1,31] Am(dr) € [1,12] Ay(dq) = 2024: all valid dates of 2024

Wi NS PV = 7Z)

Nt — PV —D)
YWMD - nt — UpeW(nn){e | v € dom(e),e(v) = (y,m,d) Avalid(y, m,d)
Ay = p(y(v)) Am = p(m(v)) Ad = p(d(v)) }

16



Given a rounding mode, compute resulting dates from d# +7: n, where d#
represents a set of dates.

Soundly derived from the ambiguous addition theorem.
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Given a rounding mode, compute resulting dates from d# +7: n, where d#
represents a set of dates.

Soundly derived from the ambiguous addition theorem.
Algorithm: compute resulting month, year, then 4 cases:

» No rounding,

» Rounding, 30-day month,

» Rounding, non-leap years 28 Feb,
» Rounding, leap years, 29 Feb.

Partitioning used in practice.

17



type case = expr * state
type cases = case list
let switch abs =
List.map (fun (cond : expr, k : state -> case) -> k (assume cond abs))

let add_months (r: rnd) ((d, m, y): var"3) (nb_m: int) (abs: state): cases =
let res_m: expr =1 + (m - 1 + nb_m) % 12 in
let res_y: expr =y + (m - 1 + nb_m) / 12 in
switch abs
[
mk_true,
mk_date d res_m res_y;
d > 30 &5 is_one_of res_m [Apr;Jun;Sep;Nov],
round r 30 res_m res_y;
d > 28 &5 res_m = Feb && not (is_leap res_y),
round r 28 res_m res_y;
d > 29 &5 res_m = Feb &5 is_leap res_y,
round r 29 res_m res_y
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4 cases apply, including:

» 30-day month
d(d1) =31, m(d1) € {Mar,May,Aug,0ct }, m(d2) = m(d1) +1,y(d2) = y(d1)

Bounded set of ints Polyhedra

» No rounding d(d1) =d(d2), m(d2) =, m(d1) +1,y(d1) < y(d2) <y(d1) +1'

Linear congr?ﬂence domain
"Actually, 12y(d1) + m(d1) < 12y(d2) + 11 A 12y(d2) < 12y(d1) + m(d1) + 1 19




Rounding-insensitivity Static Analysis

Lifting to both rounding modes
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(p1.p1)ED
T (v3,v3) = Eq[e]lpy }
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» Semantics on product programs with both rounding modes.

Ecfe] : P(€) » P(Val),r e {1,.4} ~ Eqle] : P(E?) — P(val’)

Eq[er +e2] (D) = U {07+ vi+v3) | (v, vy) = Egenl oy,

(p1.p1)ED
T (v3,v3) = Eq[e]lpy }

Eq[rand_date(](D) = { (d.d) | d € Z°, valid(d) }

» sync(e) holds iff e is rounding-insensitive.
E[sync(e)](D) = |J {(bu== bg,by == by) | (bu,bg) = Eq[e](py,py) }

(p1,p1)ED
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» Semantics on product programs with both rounding modes.

Ecfe] : P(€) » P(Val),r e {1,.4} ~ Eqle] : P(E?) — P(val’)

Eer + (D)= |J {0 +vi,vi+vh) | (], vh) = Eqllerdor,

(pt:pL)ED
T (v3,v3) = Eq[e]lpy }

Eq[rand_date(](D) = { (d.d) | d € Z°, valid(d) }

» sync(e) holds iff e is rounding-insensitive.
Eqfsync(e)[(D)= |J {(bu==bg,bu == bg) | (bu,ba) = Ex[e](py,p1) }
(p1,p,)ED

» Inspired by Delmas, Ouadjaout, and Miné. “Static Analysis of Endian

Portability by Abstract Interpretation”. SAS 2021. 20



21



21



» No rounding

d(d1) =d(d2) m(d2) =1, m(d1) 41 y(d1) <y(d2) <y(d1) +1

21



» No rounding
d(d1) = d(d2) m(d2) =1, m(d1) +1 y(d1) <y(d2) < y(d1)+1
» 30-day month
d(d1) = 31,m(d1) € {Mar,May, Aug, Sep }
1d(d2) =30, Im(d2) € { Apr, Jun, Sep,Nov }
1d(d2) =1,1tm(d2) € {May, Jul,0ct,Dec}
Jy(d2) =1y(d2) = y(d1)
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» Open-source static analysis platform
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gitlab.com/mopsa/mopsa-analyzer

@bidaes) () UFEERR) () @inwapreg) () @ymd)
» Open-source static analysis platform ®/®\®
> C, Python, C+Python programs () (bowerse) (U ) (relere)
» gitlab.com/mopsa/mopsa-analyzer () sequence Ouniversal

ODouble programs
@ Reduced product
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gitlab.com/mopsa/mopsa-analyzer

1 date current = rand_date();

» date birthday = rand_date();

3 date intermediate = birthday + [2 years, 0 months, 0 days];
4+ date limit = first_day_of(intermediate);

5 assert(sync(current < limit));
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1 date current = rand_date();

» date birthday = rand_date();

3 date intermediate = birthday + [2 years, 0 months, 0 days];
4+ date limit = first_day_of(intermediate);

5 assert(sync(current < limit));

5: assert(sync(current < limit));

Desynchronization detected: (current < limit). Hints:

tmonth(limit) = 3, fday(limit) = 1, Jmonth(limit) = 2, Jday(limit) = 1,
tmonth(intermediate) = 3, fday(intermediate) = 1, |month(intermediate) = 2,
lday(intermediate) = 28, month(birthday) = 2, day(birthday) = 29,
year(birthday) =[4] 0, month(current) = 2, day(current) = [1,29],
year(current) = tyear(intermediate) = fyear(limit)

= |lyear(intermediate) = |year(limit) = year(birthday) + 2
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Case Study: French Housing Benefits




Article D823-20 du code de la construction réglementaire

La prime de déménagement est attribuée aux personnes ou aux ménages ayant a charge au
moins trois enfants nés ou a naitre et qui s'installent dans un nouveau logement ouvrant droit
a l'une des aides personnelles au logement au cours d'une période comprise entre le premier
jour du mois civil suivant le troisiéme mois de grossesse au titre d'un enfant de rang trois ou
plus et le dernier jour du mois précédant celui au cours duquel cet enfant atteint son deuxieéme
anniversaire.

Cette prime est due si le droit a l'aide est ouvert dans un délai de six mois a compter de la date
d’emménagement.

““catala
champ d'application EligibilitéPrimeDeDéménagement:
régle condition_période_déménagement sous condition
(selon informations.date_naissance_troisiéme_enfant_ou_plus
sous forme
-- PlusDeTroisEnfants de date_naissance_ou_grossesse:
(selon date_naissance_ou_grossesse sous forme
-- DateDeNaissance de date_naissance:
date_courante < (premier_jour_du_mois de (date_naissance + 2 an))
# ...
)
)

cor}séquence rempli
Merigoux, Chataing, and Protzenko. “Catala: a programming language for the law”. 2021
Merigoux. “Experience report: implementing a real-world, medium-sized program derived from a
legislative specification”. 2023
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La prime de déménagement est attribuée aux personnes ou aux ménages ayant a charge au
moins trois enfants nés ou a naitre et qui s'installent dans un nouveau logement ouvrant droit
a l'une des aides personnelles au logement au cours d'une période comprise entre le premier
jour du mois civil suivant le troisieme mois de grossesse au titre d’'un enfant de rang trois ou
plus et le dernier jour du mois précédant celui au cours duquel cet enfant atteint son deuxieéme
anniversaire.

Cette prime est due si le droit a l'aide est ouvert dans un délai de six mois a compter de la date

d’emménagement. » Literate programming
" catala
champ d'application EligibilitéPrimeDeDéménagement: » LaWyer-d eveloper dUOS

régle condition_période_déménagement sous condition
izﬁio:oi;:ormatlons.date_na1ssance_tro1s1eme_enfant_ou_plus [ Default I.Og|c taIlOI’ed tO
-- PlusDeTroisEnfants de date_naissance_ou_grossesse: the laW
(selon date_naissance_ou_grossesse sous forme
-- DateDeNaissance de date_naissance:
date_courante < (premier_jour_du_mois de (date_naissance + 2 an))
# ...
)
)

conséquence rempli
Merigoux, Chataing, and Protzenko. “Catala: a programming language for the law”. 2021

Merigoux. “Experience report: implementing a real-world, medium-sized program derived from a
legislative specification”. 2023 24
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» Date-rounding library dates-calc

» Scope-level rounding mode configuration
» Connection with static analysis

20,000 Loc of Catala code (including text spec.)
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©

- — date-sensitive
[flle.catalaH Slicing \ Prog. gen. }—»[progs.uH Mopsa <

A+ Hints

16 additional cases:
_ » 10 can be proved safe

(assuming current_date > 2023)

» Other are real issues
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» Java, boost round down
» Python stdlib: no month addition
» Inconsistency in spreadsheets
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» Java, boost round down
» Python stdlib: no month addition
» Inconsistency in spreadsheets

Recent Rocq formalization: Ana, Bedmar, Rodriguez, Reyes, Bunuel, and Joosten.
“UTC Time, Formally Verified”. CPP 2024
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» Java, boost round down » FP widely used & more complex!

» Python stdlib: no month addition » Different rounding modes
» Inconsistency in spreadsheets » No analysis of rounding-sensitivity?

Recent Rocq formalization: Ana, Bedmar, Rodriguez, Reyes, Bunuel, and Joosten.
“UTC Time, Formally Verified”. CPP 2024
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» OCaml library implementing our semantics (also in Python now!)
» Theorems verified in F*

» Ambiguity-detection static analysis using Mopsa @

» Case study on Catala encoding of French housing benefits

» Comparison with mainstream implementations

Artefact & paper available!

“Automatic Verification of Catala programs” project, funded by Inria 8
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