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Abstract:

In this paper the so-called bent-cable model is used to describe the daily
maximum temperature in Cairo, Egypt through 2021which exhibit a
potentially sharp change in slope. The model comprises two linear
segments, joined smoothly by a quadratic bend. The class of bent cables
includes, as a limiting case, the popular piecewise-linear model (with a
sharp kink), otherwise known as the broken stick. Associated with bent-
cable regression is the estimation of the bend width parameter, through
which the abruptness of the underlying transition may be assessed. Due
to the importance of studying the climate changes,we present worked
the recorded maximum temperature in Cairo to demonstrate the
regularity and irregularity of bent-cable regression encountered in
finite-sample settings. We also presented the projections of the bent-
cable for 2022 compared to those of accuweather and broken stick
projections. Practical conditions on the design are given to ensure
regularity of the full bent-cable estimation problem, if the underlying
bend segment has non-zero width. Under such conditions, the least-
squares estimators are shown (i) to be consistent, and (ii) to
asymptotically follow a multivariate normal distribution. Hence the
least-squares estimators are used to analysis the considered data. The
results of the bent cable were compared to the results of the broken stick
model. The comparison showed that the two models coincide in the first
and third phases, the difference happens only in the second phase (the
guadratic part).

Keywords: bent-cable - change point - transition period- maximum likelihood
estimators - Képpen climate classification - temprature
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s ) d_u))Al piecewise-linear model dgadld) adadl) 7z 3 gaks i gl 7 dgalll addiy
Ay e Lagland) bl & Ay Blall cilags B Balal) i) L)y dysal)
Y cullaty Balal)l cyLESY) oda Barrowman, N. J., Myers, R. A. (2000) < Lasy)
Al (a) g dlamail) By Gy ABM) dahal JUal) i Ao . AlSigl) gl A g
08 388 Cesil JUEY) Ayl Gl pladit ) e ) Blaa jata Jglav o . 1gal
Ciillig ale Jlae e GAT e B9 138 . dla ) daef (Uil Ldidall Gl oY)
Balad) AR Axlay 7 iy 8y gomaall Lucal) 3 A Csialall oy Lo LI cliast)
Brown, C. C. (1987). saall a3 i Ayl aagi L Jali 4df (e a&lly
Routledge, R. D. (1994) 4l B pae abra ¥ igboud asdi ) JUEDY) dagds il
V) Bad (e day 3RaT ol US 1Y duald ddlising sals Wi
Tishler and Zang Tishler, 4e ¢ zigal aladio) i)l alra b Gami (¥
Y deaudll s g “bent-cable” ‘:,.'\Sm.“ ) amils g 2all 925 A, Zang, I. (1981)
B gmial) Luaal) z3gad b Adaial) 038 b slall JEEYL Ajlia JULY) didia dagai
1) Aaial) Jalsh 7 dgad 40 .8 giall Luaall gz 3gail yughal Aaial) Jolsh e (K
IS (A paly 9 LS B gusall Ll g igai ) agad Wil o ) JUEY) dihaia cualds
(1)

(1) gsa

Jlamy) s yd

8y gmusSall Lanlly Aaiall LSl adgal
gl o . (daial) Jadll) B aual) Lucnl) 7 dgaiy (Coamdaall Jadll) (inial) JoS) gl
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Qalll JUEY) 558 (Sly e JilS gigad 9o By gmmisal) Luanl) zisai olb 1258 .OUEGOING

Bala jat Al paaly sl )

AUl o) 51 e dgag pte AU Sa o il il QS aUaS pughal o5 Jual)
phoney (§9—ea slad) &Gaay &ua Tishler, A. (1981) and Zang, |. 8 9—wSall Loanl)
Glua o 3 dulaa Liph cilS slag . paliadl ,adll Jaw Jad Giua s Gy dilid
sUad¥) Glb ey QW (3Ra3 dieg . Rl cighd (A bl LR g (il
g el JELY) 58 o8 lasay) Adla L"g ) JUEEY) (38aS \333 Adalal oy (§) gall
z el Clalaa (ga

Julia Blaliall (2 JLEAY oulie & AES By A sy Aalial) cpaill edl) andillg
Al dajal Aada

Seber, G. (1989) and Wild, 4,8} §; gwiSall Luanll z3gad (o Yy el Jlsl) zigal

Lgaad LaS dadall Jolsl Alijhy . ol duylii 4l Jgands ol 7 dgaill o508 LagiSisC.

on Jsad) a3 i Jadl) Ak Joadl laad) gigal JUb) g3 Chiu et al. (2006)
Al jadi AyilSalg Aigpag ddbleed DS ildayg (583 7 dgailly bk (il ja

Jalail) (e Yoy @iy Bagaal) Aadall Jolsh dylit Jae U} Chiu (2006) et al. aad a3y
Faiall Qs 7 agail il o) claleall o Ualisil 35 Wl Jaalaal) (e juS 350 2a
Chaiy Sy Al Ao dajlally Addlal) dbadl) dlsjall aalgy jha jlasd) Jalea Ladg
2 ddlgmdial) £ UadY) o (g9 i by o (il pgaall (pialeall Lad Beliad¥) Lae
1929 pie (e af)ll Ao @lpadil) bl ladal iy Cigmag il (b Ak ) s
sie Juda 09 dlaal) Jag il) o2 . (GAY) Zigalll cilalaay plasll AgY) diiad) dBidal)

cAdadl) Clilad) aan

maximum likelihood estimators rmS:'as‘f\.I\ OS] Culppads (L8 Jag ) il) odd Jia cual
: 98 (MLE’s)
kel Sl igai A (goh ABlaia dags ol gl a9 slgw cOnsistent dbuie - 1
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2 gsh 4dhia 1ag 13 multivariate normal diaie Jiiea aijsi ) ol - 2
o) QU alie Yl ISeY) A LA Allad) oda A . Aadal) LSl zigad A A ks
o TS g

sinid) JilS) gisai - 2
: gA X @L‘d\ sdall lasay) adla
f(X; ﬂO’ ﬂly ﬂZ’ T, J") =ﬂ0 +ﬂ1 X +ﬂ2 q(x; T, y)s

):(X—2'+7/)2 1

P {‘X—T‘SQ/}-I-(X—T)].{X—T >y} (1)

a(x;z,y

l) bent-cable Aaiall Jolsl) ¢z 3sai sag
Faiall QS ¢ 3gad (g Balgial) {(Xi, Yi)} i=1,..0, n lLall jlLiey) b L3AT 13
tO 9% i) zagad o8

Yi=q(xi; 00) + &i , where & are iid. ~ N(0, 6° ) for a known ¢? (2)

g dgalll cilalea 8 00 = (To, Y0) 9 Azl Faial) Julsl) Ala o g Dl

Yi ti(i=1,2...,Nn); Gl sie aalil) psial) 5aalia 2
1(A) Ald e Hha (ol bagaia (A) OIS I3 1 = Jdige 4l
Boand Br JAla il gall gl e Jlaai¥) Jalaay gobilall giall
Ba1t+p2 Al il gall jlaad) Jalaa

tandy  JUEY) dikid s e pae cials e

& (Alpdal) Uadl

dalaall Q = (=00, M X [0, 00) asasall s gLl b adi A claleall uadi claYy
dgdaa @ei M o855 X = R open regression domain ggidall jlasiy) laig Bo
) il sl Jg5 baie) Jia aball y-values adl A aally T -values sl
Bo kil gdipe g il g Q(X; 0) for 0 € O bl inia JiS (4 - (B5uSa Liae

& LS Jale DN @il g ilaill A8 i ) aial) S (e A3 DA il dua
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AlliSy Gallant in Gallant, A. R. (1974) (s ST &ig yas zra—wn 1389 Feder, P. I. (1975)
agaaall & Al aal) ) ABL_ZYL .Ivanov, A. V. (1997) gl Gallant, A. R. (1975)
Alead) Apadlg X1, . .., Xn DA Ao 0sSI anagl) aUBTY) Jag b T -Space (guall
X JEall piial) cilily gan oo Gald) ¢pa bty anaial ) il 1gil Jag i) o3¢

Glaleall dB8) i ) Jgagh OSar s g @ 5igag dasaua ks

Maximum Likelihood Estimator (MLE) ake¥) o\SaY) jade — 3
s Lalai (g5luiy Q) Uadll MILE alic¥) oSyl sl Gl Jaiaa pojsd aoid 5 clasl
P2 QD0 adll Aol ) Allesl b il . el lappall sl

1,(6)=- ziz ;[Yi ~a(x;0)f + constant 3)

A3 pliat AN ) (o e L Ale cin AT 13l Uadl) Cilayye pgana (B didad (g3 Al
ok LSl s calied) OlSaY) Al e gl

Sl ania J8 @l (aadl)) Lagdl) Js) ()

y-value ad J8 <l (adl) dadll o cdy) (<)

T -value ad cid (audll) dagdll JUA) Bygpall dicy ()

el) Fadall s clllia - 4

Given 0 > 0 and sequence & | 0,
Cy (5):Iiminf%21{|xi —1o|<yy+6)

n—o

c (5)=Iiminf%21{|xi r|<70-5)

c. (5):|iminf121{xi > T+, +0)

1
C&)= =2k —wol-r| <&}
The regularity conditions on the design are

[ Ar] Ifyo=0, then v6>0,c0>0
[ A2] Ifyo>0, then 3 8:>0suchthat ¢’ =c (61) >0
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[B] For yo > 0, 3 811 >0suchthat ¢, =c¢+(8121) >0

[C] If yo>0, then v¢& 10,£(&)—0

[D] Ifyo>0, then Xi#T0+ yo vi=1,..,n

Slalra padi d8aly Ayl asaall dil oo Lo [D] A [A] o gl old Lilasg
[To — Y0, To + 0] i) ddlaia Jals claaliiall (pe 238 3525 cuan el Jl) T
Al §) glaall Jadil) asan (a9 ([A2] J—ad) 0 < yo OlS 1) dllyy pliady) dBhaia (f
dihie o b agag e Y dld ) Gl ([Ag] &axddl) 0 = yo OlS 1) To DIAN)
A3pin Ealdl olb Aggas Liidal) 7 igalll cilalea cilS Ly L ([B] daddl) ddadl) g Al
Jay—ally .z igalll JA s8¢ gmS aa ) Jaing AN aill (e Ao gana g O aaa
[D] i) Lf .z jitall Aniall Jolsh 7 igad B Jleai¥) Jaldi B 58S b o8| pda [C]
Fisher Information —dud Cilaglaa 4lla Ciy gl o 4al) JsLual) (galeil padi b

B~ dsalall (ed il ge N Apleal) cladadl) galddl 4dia (Sar (819 Function
Buaal) Jlal¥) dasdl dsglucal) dadll dniad — Bpalanall Spuadall clyiial) Alls

Baslll daleal) g3 Satall QS igai — 5

(g To slaiY) pudage of Rk

) il LS igad 8 0 = To 3 cig e sliady) dikaia dliga of (s
HEP L

q(x;yo):%lﬂxﬁyoﬁxl{x>7/0} (3)

0
OLSQY) ki iad (Ga) e (00,0] = Q clalaal) Ehdg R = X laai¥) Glhai e
(1) Qalaal) ce &3l {(x;,Y,) [, claalisall degana ¢sa Yo dalaall alict)

g aaf Y jia (gl Yo Jsgaall 0 5$ Laic “Kinked truth” ASiLaial) dddals
Feder, P. 4a3 il aall “unidentified model” ijpa & zisai 13ag () &)1
e A" jad el Audat Jliayg Jagike Jaady) gigai g b 06 Eoa | (1975)
Gy call bz igalll OIS 1Y) anhs auis ) dade ¥ alieY) OIS pals o ciadd)
S il il Gl G ¢ Q gLA Aa e dad (A 0 = yo OlS Lal 4df ddaadla

Al o3 2 @by ¥ Kim, J,, Pollard, D. (1990) 4.
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Y+ T =T o) Mo gy - T = T g Mo e JUEDY) B £ igall) 1aa g
Chiu (2010) (aiall il jlaadl Jaleas BLE) 85 Eua T_y_zg_ﬂ MY Ak g

2

and Lockhart

(2) Js&
iadall Jolsl A Sl gae
f(t;ﬂO’ ﬂly ﬂ2’ T, 3") =ﬂ0 +ﬂ1 t +ﬂ2 q(t; T, Q’)

skl 3 A
a e, Bit Bz lassly
5 5 \
j ‘.”i % é
4 | oss :
“)\_' ..“,
£ :
iy Juayl 5y
< (T=Y-T+Y)
- E —..-w :ﬂ‘ .\ﬂ.\.‘a"‘\g.
< b | skl LY s 55l
&g Y Vi
T—Y t T+Y ool €

((1) Adalag) 46l dapall (e Ay Lgdiad diaiae JUES) Adlaia Gaudly Aadal) JilSl) 7 dgai
B Al [T1, T2] JUR 5 L) (ga55 2B Aadall Jolsh) (e AU dajal) A 8 Llesg
Ly QY ddhaie Cagl aU (e el ol gkl O g8

A dufp -6

Labad uae &L 0lé (https://www.midat.org) adss s KOppen ¢uss alail s
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OB aa B JUady) B ) ALYl e ll) uad b U] (amy AL Y Adled)
Adladl) Jalguad) Ao dddal 0 5SSl chuall Juad B dille G Blal) Aoy

dailed) 7 L)

Ot Aalladd) dalgad) Ao jhatuls gl baagiall agll (e dadldl) dgal) dalladd) L)
) Juad A Blal) Ao alad) Jlgh Asina Bl Ao et 1309 Al (3l (6
32 (A 17 Ga Bl day bl chiiall Jiad B dugia daya 23 () 9.5 (e gl
dnad) dllaad) Ul o dllail) Jalg—dl Ao dlxina Bal) cilajay -dagia 4o
BlAl Aoy O9S Gun DU Jala ) d—an ¥ Wil o W)l uigial) Al e daslal)
Aa,3 40 ) Bhal) days Jual Gus ciual) B duald Llally aagl) juas b o dadip
Lipaal) ehauall b adi Y zlagug dasuly wailly Oloud B LS Augia

& Ll dufyd dsar

Lt uan (A cpreny cpblii o S il g duagl) Blal) das Lualdyg ¢ juma ¢ lia
claaiie GAT oSLf Laiw i o claaiie & —aa B 8IS (KLl el Lol
Ol Aol An il Lol . oS Loanf cld Aagall Blad) das s cullal) By Lugt
< Bhall cilags Aads o) JAasiial o Al Ball clay S el Jealaal)
gkiions Lgaal) ol Lol ddlany) Gkl pladialyg clilian) of Lilia sl (58 dsan]
Clilaall Jal) Uagh B xSl ate oo Ci iy dlainal) Ldliall cpil) jadiy dagi of
Agadlaig dalial)

WWW. adsa (e 41 2021 dd Jgmadl Lasdl) gilad) cilas apand a3 ady
o dai gl gy (Allg 2022 diud afgais i<y https://accuweather.com
(Faiall Sl 7 3gai (e Aailil) il Lglial iy Adild) SN i) b Bl
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44 gha
=3

2021 alad A ) J gl DA alinll diagal) Slal) dajs ) (3) JS& g

(3) Js&
Ao ) 2021 Jgund 34 ALY A dsagd) alind) fald) cila
50 o a2]) ol il Cayyal
20 s 21 *"‘w,‘w‘,‘ 21 35321 | 21 a2l
21 e 20 138 s | 21 et 20 | 21 s 20
40-
30
20
21 s 21
21 55520
10

(IR Gt G it o SR~ 0 &
P QR -GG G oGP i G G G G G\ 4

Lilasy) chlasy) - 7

dyilgmdial) HLaAld dajD) duiloaal) chlidY) gad wig—w SPSS-20 Tl aladiouly

A (1) Jstn lgaiag LS Ldlgdie e L Lglis 2021 it

(1) o
dgd)pdal) Jlga)
Hypothesis Test Summary

Null Hypothesis Test Sig. Decision
The sequence of values defined by Cne- Reject the
1 Temp of 2021<=30.00 and =30.00 Sample 000 aull
is random. Funs Test hypothesis,

Asymptotic significances are displayed. The significance level is .05

b 2 Y gl 2021 bl Cisinen — digagalsS L) el
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(2) Jsao
Ao B Cigipam — cigpagalsS HLAA)
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
The distribution of Temp of 2021 is  One-Sample Reject the
1 normal with mean 29.26 and Kolmogaorow- 000 null
standard deviation 5.91. Smirnov Test hypothesis.

Asymptotic significances are displayed. The significance lavel is .05,

b Ao aug a Yy dlpde pe clilal) of gl Ailull Adlasy) clasy)
eaiall L) afpads - 8

dalya B (e 0988 (mle) Aaial) WIS dgai b (3) JSE B Ly (Ga LSy
:Phase | Ay 4l yal)
SN 3 58 Ayl a5 ) Aalil) Cpe cililad) Aol G (A g 4RI Ldadl) A1)
(4) dso>
Ada)al) Ludadl) )

Coefficients?

[Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
1 (Constant) 19.391 .834 23.247 .000
T .063 .012 435 5.250 .000

a. Dependent Variable: Y

M
Y; =19.391 + 0.063 t1

:Phase 11 4ai) dls sal)
daladly 48141 cuillal) Jual s AN Aol cpe Alla Ay JUEDY) 558
(5) Jsaa
JUEYY 5,581 Al da Al ddla

Model Summary and Parameter Estimates
Dependent Variable: Y

[Equation Model Summary Parameter Estimates
R F dfl df2 Sig. BO p1 B2
Square

Quadralil 125 | 10763 | 2 | 151 | .000 | 32.396 | .094 |-.001-

The independent variable is t.
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KT Juiay) 5)33 a1 #4333
¥, =32.396 + 0.094 t - 0.001 t2

:Phase 111 43 dls yal)
CiliLal) Algd s JUEETY) 3 58 dilgd (e (o g A AN Aadl) Al

(6) Jso>
Ao Al ksl A
Coefficients?
IModel Unstandardized Coefficients Standardized t Sig.
Coefficients
B Std. Error Beta

1 (Constant) 32.831 .609 53.887 .000

T -.135- .012 -. 778 -11.6304 .000

a. Dependent Variable: Y

Y, =32.831-0.135 t3

(4) Jsa
(rinial) QS 7 gail ZDEY Jalsal
o Y !
o] = 19.391 + 0.063 Ny
1 =19 063 t; 1=32.831-0.135t3
£ da Al 4adl) Al
40 s A Jaatt 4t 1
a3 414 dladl) Als yal) slope —0.135
[ slope 0.063
bt |
=
4
3 301
w, Jamy) b yé
2 day 121 - day 275
20+ (P15 1)
SN : il __J =198
S A oy
S h= 32396+ 0.094 t; - 0.001 t3
S 1o |
T I L T LR essananasasssg ¢
-1 T ) A 2021 Ak
! Sy A T+Y 2021 A4
xe t=215
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QWYY 5580 Al dayall Ala ik
Y |
451 Y dats
215=t e
o c=lali. ©
0 Apliaa 0 —
- @ ®
N 40 oo o o
i o o| om (o o
“’1 0 o aw o b @ o
- 0o © o domlp o0 © ©
w0 © 00 @ © 0o @
¢ 35 o o © ap DO @
oo O ® oo Qo g
;_" CI00 © GO oo
3 00 o o
3 o a o o
30— Jusyis g ———
o
0 3 Y=177
bo
. ' L 215 ! I
121 150 2p0 5 250 275 300 1
=Y T=198 T+

Al dajall A lasd) O s$ Leaie aaal critical change point (Ctp) oY) dkds
Sl lggludy JEDY) 558 a1 A6V daaal 3L Juad) A 2o jhea (ol

d(32.396+0.094t-0.001t?)
dt

=0.094-0.002t

)
0.094-0.002t=0 = t=47
aie AN Abkl () o<b JUEDY) 5 i Clualia A g
ctp=2t+71-y=47+198-77 =215

2022 i -9
teh Yl EBU (e Aadal) Gl 7z agad O gshy
120 asdl a1 assll (pe i) Jodal Alaje  — 1
¥ =19.391 + 0.063 t,
275 asl s 121 asal (oe JUESH 55 Sl gl Al e Alla - 2
¥, =32.396 + 0.094 t2 - 0.001 t2
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365 @3:\5“;\;276 @Q\C}A:\:\hﬂ‘ C})ﬂ\ ZJAJA -3
Y, = 32.831-0.012 t3

4)Ea 2022 s BALE A Bl clagal Jaial) s i ) (7) Jssall gias
https://accuweather.com ddawls: 8 guial) el

(7) dsx>
2022 DA 5aldl) 8 adiel) §lad) clajy cfga
P2 = accuweather i3 Pl = il Ji\l cilpas
Phase | Phase Il Phase 111
day |P1 P2 Pl- | day |P1l P2 Pl- | day |P1l P2 P1-
P2 P2 P2

11195 |22 -25 121 325 |27 55276 |32.7 |35 -2.3
20 20.7 | 23 -23 140 339 |35 -11 1280 |321 |30 2.1
40 | 22.0 | 20 20160 |346 |36 -2.6 [300 | 294 |33 -2.6
60 | 23.2 |16 721180 |344 |32 -24 1320 |26.7 |27 -0.3
80245 |25 -0.5 200 |335 |38 -45 340 |24.0 |25 -1.0
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275 229 |36 -3.1
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121 | 325 | 27 339 | 14 | 69
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220 [31.8 |38 341 | 23 | -39
240 | 293 |35 329 | 36 | -21
260 |[26.0 |34 31.7 | 52 | -23
275 229 |36 295 | 66 | -65

ale e A AL tedl) i) e Aol clpaiil aan of Adaadially juaadl ey
Aral) el (e Aef cils A 2021 ale @ity e i Y dllly 2022

87



=

14
A

0]

M0

f.

2022 139351 - il susdl - (23) W) - &y sloxilly AIW Egoed] dlxe

raalal)

Barrowman, N. J., Myers, R. A. (2000). Still more spawner-recruitment

curves: the hockey stick and its generalizations. Can. J. Fish.
Aquat. Sci. 57, 665-676.

Brown, C. C. (1987) in Toxic Substances and Human Risk: Principles of
Data Interpretation (eds. Tardiff, R. G., Rodrick, J. V.) 237-268.
Plenum, New York.

Chiu, Grace S, (2002), Bent-Cable Regression for assessing Abruptness
of Change, Ph.D thesis, Simon Fraser University .

Chiu, Grace S., Lockhart, Richard Arthur (2010) Bent-Cable
Regression with Autoregressive noise, the Canadian Journal of

Statistics, Vol 38 NO 3, 2010, PP 386-407 .

Chiu, Grace S., Lockhart, Richard Arthur and Routledge, Richard
(2006) Bent-Cable Regression Theory and Applications, Journal
of the American Statistical Association, February 2006
https://www.researchgate.net/publication/4742466.

Feder, P. 1. (1975). On asymptotic distribution theory in segmented
regression problems — identified case. Ann. Stat. 3, 49-83.

Feder, P. 1. (1975). The log likelihood ratio in segmented regression.
Ann. Stat. 3, 84-97.

Gallant, A. R. (1974). The Theory of nonlinear regression as it relates to
segmented polynomial regressions with estimated join points.
Mimeograph Series No. 925. Institute of Statistics, North Carolina
State University, Rayleigh, NC. BIBLIOGRAPHY 132.

Gallant, A. R. (1975). Inference for nonlinear models. Mimeograph
Series No. 875. Institute of Statistics , North Carolina State
University, Rayleigh, NC.

Ivanov, A. V. (1997). Asymptotic Theory of Nonlinear Regression.
Kluwer Academic Publishers, Dordrecht.

88


https://www.researchgate.net/publication/4742466

0
1.

i

0]

0]

£ 2022 18T - =il susll - (23) k) - dyyloxilly YW Egoed] dAlxe

Khan, S. A. and Kar ,S. C. (2017) .Generalized bent-cable methodology
for changepoint data: a Bayesian approach .Journal of Applied
Statistics, pages 1-14.

Kim, J., Pollard, D. (1990). Cube root asymptotics. Ann. Stat. 18, 191—
219.

Routledge, R. D. (1994). Least-squares estimation of a convex function
with application to threshold estimation. Technical Report.
Department of Mathematics and Statistics, Simon Fraser
University, Burnaby, BC. 129 BIBLIOGRAPHY 130 .

Seber, G. A. F., Wild, C. J. (1989). Nonlinear Regression. Wiley, New
York.

Setu Chandra Kar, (2017). Generalized Bent-Cable Methodology for
Changepoint Data: A Bayesian Approach, M.Sc in Mathematics
and Statistics, University of Saskatchewan, Saskatoon.

The Kdppen Climate Classification. https://www.midat.org.

Tishler, A., Zang, 1. (1981). A new maximum likelihood algorithm for
piecewise regression. J. Amer. Stat. Assoc. 76, 980-987.

89


https://www.midat.org/

