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Ko CHEAT ETRIAN RN A, RS A H o KR I T g2 £ AR R R PN IR B
—ANBERG : ARLEREAB RN AR [ I R BN, FEFR B MARS ey O 825 51 Fe ik 21 & 45
TR, BNZA R P NER RGN . BEARARZ GMNRSEITRE G
2. wRARERE. WERS ZHORA) PN T EEERIR T RAER A, AT B B AR
25 B A BN FAFES (MARS; Friedman 1991) 1, % 7k EaR A AR & — 204, T
B X R — A s AN MARS F2 Frii i ) 45 R 2 T I RERS 1SR B e 2 ), FF A
TSRS, HIEIAL TR, SORES B AW TR T X SRR,
FEERME T — ARSI LB ARB 1 T I B AR A R AR

JERE L. 1t MARS BRI, A E mEEE M b AL, B0 REOR LURHAE R B HE R
B2 BIEERBRDAE A THE. X T HAFHE, EHAAFERFHE BT . BIaEh
— RN HRBA R XL B A R BI AT ko I ARHIETE HIBUE VS B N ST R B oA R &
Mo HAEA T AR, 4 A0 B A A B LR AE (0] D7 A LA (AR (s AR
BRSO ARV E S R AL S I FEAR B, AR 1,200 P73 RIN
A XTI %, HIETTERE A Z ROT IR TS, BAEIRE LT ool AR D E %8R, 2
AR 225 (AEREAE) A BA SRR S AT EL S BIBIG (xS il FEAE, 2480
A AT LS BT R A 45 A 0 0 R B SR T 5 I _E PR, 8BS TAE AN R XA, Bpy
A LATE BEAN A o It e SCH AT BRI AR BAfy s BUAT Y2 AR A2 32 o 4 B 156 D0 ) 2 IE B
IR, A A AT ST A, AR TS A 7 S R 3 e o] I e 3 R B

A AT ELTR AT

1E earthUI (Craytor 2026) H1, 5{fE R fI earth (Milborrow 2024a) 1, £7& MARS #EIH {51
VRSB 53050 4 -

(Intercept) 1520000
h(1200-gla) -600
h(gla-1200) 1000
h(gla-2000) -250
h(gla-2800) -650

BA NS RX— R FENBIE PR PIHEE : BIAS O X A7 (5T Wk ik v B S 1) R (B 5T
Bko M TR E P R MY, XARISIE MARS IS B — S5 AT 5 31X

IMARS is a registered trademark of Minitab, LLC. It is used in this Journal as the name of the statistical method
introduced by Friedman (1991), and the software referred to is the R package earth, whose notation this Journal
follows: hinges are written h(z — ¢) and h(t — =) and models are shown as earth prints them. Salford’s MARS writes
the same functions as numbered basis functions, BF1 = max(0, X — t) and so on, and differs from earth in such
details of notation, not in the method.
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RS R B R, (HHEPRA—ITTE S SR B R RA EUER A RABERAR
AR ok [ B R TSR . I 4 (AR R ) 4 B SO SR TE A 1

TR DUASIXE], YA B

o RAT T AUE I B — 2 N R ] AR, SR HER TR TS — B0, XEEST
i d B U3 o0 AT B A, o RAR AN FE B BB I B S L. MARS R AR 4 a0 B b G
A AR . FEREIHR RIS, 1,200 P75 5 R DA R AR T AR AT A 1 $600 F5:-F 5 R
1,200 % 2,000 P75 %R KX RIPAA $1,000 &P J R 2,000 2 2,800 P75 e RIX AP R $750 41
HHER; T 2,800 P75 # R AIER WAL K $100 P HER . XX, W Erea
LN—HURAER MR WX aess /N T2 R R EEER S R R, X2 AR E A
AR, XA R ERTREE AN, WJLEAER-

ZEB XY, HAMNTABEENMITEL R BHNEREZERE. —F& 1,800 ¥ #E R Kn
FLst i 5 —%& 2,400 P77 3 R PE M X G2 BIAH 22 600 ~F 5 % R, T 2,000 P77 % RaX — 5 5
EAL TP E Z e XF ] b S 247 B PR BE (G A A 4 X G2 AR A (B v 25 7T B S A 481 A6, B
$2,620,000 — $2,120,000 = $500,000, X H955 T~y XF G i J A T AR o R a2 o L s 491 ) e A 1o
FATTERE . BP $1,100,000 — $600,000, A AT R X — it f8: 1248 h7E $1,000 4bES#E 200 S 3
R, BEJETE $750 AbES#E 400 SR, it $500,000. B 3 JBR TiX—I5M: ETRIAE (A
Yo BLAT X SRR () 5 RS AR ) . B $1,280,000 (800 SR, HiEH AR/ N ER)
F|#) $3 million (3,500 *FA IR, MAREKMER), Hp KSR HIAE 2,800 P77 9 R ZHio

— R X A RN B R TEZ I 3 0 B A ME— B, R E X T R B, $500,000
BLL 600 3R, BI4Z) $833 M HE R it A Bl & B4, ENZ RS A R (BR
A - BT BN R A X ) B B A R R AR ) P E . X AR ) B — BALp
HXF X5, HPEBARE . 8 B E A e E A m AR B E — A 4y, %R
—BAERAC IR E YR, F IO B IX S P ;T — A B RO TE R AT i T )
AT

BRX EA S CAER T ITEAANEZ B ZE, REE A& XA R, X
SRR E SN R TS, K AR AR X — A SO A2 T LT AR
B XM e . H AT PIRA R 4 TURAAEAR B F I 2 R AR R AR A, LK
P UM IR B S R B R T IR AAE

MBER: BEERBEA R TS

B B E U ER 2L 7R AR E EE. BIFEA B EIRROEE St £
R—FnBERME, EVEAZNBEEL, UETSALEESH . MARS @it © &4 WEiZEE:
Friedman (1991) ¥4 HF/R AW RS, T 4 B SCHRPRAHFHILA AT (Milborrow,
REHH M) ; Hastie. Tibshirani £l Friedman (2009, §9.4) ¥ T [6—T M BEEFR N “
BEXF

X () o BN RARRE ., BA SR, FROVHE A ¢, HREET S —0
BUEMZE, TAES —MBUESE T 2% R S . FEARM T AR A A Be8E, FlE—A,
FE1 s :

0 r < t,
r—t x>t

t—z x<t,

h@—w::nMMQx—ﬂ::{ 0 x>t

h(t —z) = max(0, t—x) = {
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reflected (left) hinge h(1200 — x) right hinge h(x —1200)
: knot t=1,200

: knot t=1,200 -

)

o)

£ 600 + -
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e 400 A g

o

g 200 A zero at the knot g zero up to
f>‘5 and beyond it the knot

T T T - T T T T T T - T T T
500 750 1000 1250 1500 1750 2000 500 750 1000 1250 1500 1750 2000
X X

Figure 1. PIMEBERAL, HERAT ¢ = 1,200 « S () BedE h(1200 — z) , MZERIAEI,
FET RN, TRZEBRNE; ABEE bz —1200) , FETRZENE, TRZENLRAEE.
XA BN FERR Y, AR S R U AR, SRR RS R HTT

A hr—t) R BB ETTREZEOAE, FET R BN ERAEE. 824, h(t-2)
o RAr (B Bk TET mAb 2 i N A, TETT bR R AF. —F YR T —E X
ERYEREE: EMMXAHET AT SR MIEZ . X7 AR R EL N o B “ERE
B, U E. AR, SEERRL—ARE GZRETRERAE) . 5 MBI Fit,
FET A B A I B T AT BN A 1) A, T A TS 1) B2 AL A R AT R 1Y, HL AR R P H AR By
HLE ) 1o BEAL 5T JGARAE o AN U B o BT ) B A 75 T B ZE T A 3 e BB RE B A o A
MARS #R, AEEER SR U DR, R B AT HERARER (A1) IERAREX
SERBOH AR Y, AR AR A BB B DX SRARTE S, BN X TA] A B Al — X [A] R 22
R TF I Z A B BB R A B R O 4 2R o BB MARS AR v b7 AN A5 Bl I — B AC LT
AR B ETE P R BT SRR BB T A A R BNRIZ A A Z SR R & A DA
THAFIREARIL: BENRBOFENR. BRNARIAEE, BIEZRERN WL, WA
REBRP MR NAEEABE, ARE DS B RMITIG, AT R H e i B
RYON LI PEAT IR . O SE AR N . RSO ERE 1A 2 R HGER . %R fy AR
0 A AT DL W R sl AR, T A T X ] ) B B D A R o

LA BT ERARTE B B 2 # A ARE S HAE— R 6 R, AT et 7 A X
Hiffy: TP 3 7R T XL L A AR T LG S Bl S5 A A W R Z R SC &R LT 1,200, 2,000
12,800 ALAYTY TR T PUAN K] o FEEEANIXIAIN , 8 HTT RO An T K] N s e, A Al T
7B HRAS s AT A AL T IR A A, S B AL TR SRS A BB H T R R
ANDK T AEAE T L S 18 B AR Y R AT DX R A A o SRR A 28 B 5 B R B A
HE s OB RO BRI R BRI, PR AT B 1A B PR AR A A I D A A A IX 1] A ) B
iy, HABFFAES [ —4UE PR RIS . ERA L BN, X—RE
FAFASBUBEMEER . MAE R XHIRG] 2 F, ENBE—:

WA CERER)  IEshEsE HAf ($/sf)

RF 1,200 Rh(1200 — gla) X —(—600) = +600
1,200 & 2,000 h(gla — 1200) 1000

2,000 & 2,800 h(gla — 1200), h(gla — 2000) 1000 — 250 = 750
Bt 2,800 A =4 B4k 1000 — 250 — 650 = 100

AT WM B OB B R %L 600 FFAREETTT R HT —$600, % BEE
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A MARS fit is a sum of hinges; the rate in each range is the slope of the sum

--- —600h(1200 — x)

--- 41000 h(x — 1200) el
$3.5M 4 —250h(x — 2000) it
' -650 h(x — 2800) e
= fitted value = intercept + sum 7
$3.0M 7

2,800 sf: $2.92M

$2.5M

2,000 sf: $2.32M
$2.0M

value contribution, incl. base value

1,200 sf: $1.52M

$1.28M at 800 sf
$1.0M

$1000/sf
1000

$600/sf $750/sf
s

500 o
$100/sf

rate ($/sf)

—500

—600: the coefficient on the reflected hinge, not the rate
T

T T T T
1000 1500 2000 2500 3000 3500
living area (sf)

Model (v = value contribution, gla = living area in sf):
v = 1,520,000 - 600-h(1200-gla) + 1000-h(gla-1200) - 250-h(gla-2000) - 650-h(gla-2800)
as earth prints it:
(Intercept) 1520000 h(1200-gla) -600 h(gla-1200) 1000 h(gla-2000) -250 h(gla-2860) -650
Rate on a segment = (coefficients of the active right hinges) - (coefficients of the active reflected hinges):
800-1200 sf: -(-600) $600/sf only the reflected hinge at 1200 is active
1200-2000 sf: 1000 $1000/sf
2000-2800 sf: 1000 - 250 $750/sf
2800-3500 sf: 1000 - 250 - 650 $100/sf all three right hinges active

Figure 2. %7l B0 BCEEIT. B AT LUK A DX 1] AR B0t 2 SR B8 7(1200 — gla)
B R% 600 BEHIARE . DL R AR s 1,200 P77 SEREL AT R 4600 o
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Two rates, one adjustment, and the pair's secant rate

$3.2M 7 MARS fitted value: 600 / 1000 / 750 / 100 $/sf by range

- the pair's secant rate: $833.33/sf
$3.0M { M comparable, 1,800 sf: $2,120,000
subject, 2,400 sf: $2,620,000

$2.8M

$2.5M

$2.2M

$2.0M

$1.8M o

value contribution, incl. base value

adjustment = v(subject) - v(comparable) = $500,000,
explained range by range by the rates:

1,800-2,000: 200 sf x $1,000 = $200,000
2,000-2,400: 400 sf x $750 = $300,000

total $500,000; the chord is $833.33/sf, neither rate

$1.5M

T T T T T
1000 1500 2000 2500 3000 3500
living area (sf)

Model (v = value contribution, gla = living area in sf):

v = 1,520,000 - 600-h(1200-gla) + 1000-h(gla-1200) - 250-h(gla-2000) - 650-h(gla-2800)
as earth prints it:

(Intercept) 1520000 h(1200-gla) -600 h(gla-1200) 1000 h(gla-2000) -250 h(gla-2860) -650
Adjustment from the comparable (1,800 sf) to the subject (2,400 sf) = v(2,400) - v(1,800) = $500,000;
explained range by range by the rates:

1800-2000 sf: 200 sf x $1000/sf = $200,000
2000-2400 sf: 400 sf x $750/sf = $300,000
total = $500,000 secant rate for the pair: 500,000 / 600 = $833.33/sf

Figure 3: Ll 1,800 *F-J5 % KA A LLSZ BN 2,400 77 3 R B it 5 S s il A8 . 1%
el (RPWISTERERY 228 o $500,000 , BLAT 2R A& X (A RX —4UH . MR HITE (4
O 8833 ISR BUOMIZR A FIL AR, R — 2% BN IE FH T X i 16 A 155 0 B 7 1) B — 9%
2Ry il T A EES AR A — A B
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h(1200 — gla) & pr R E AL 1,200 P77 % R % /D>, T —600 e LUZE R A X1
800 “FHHERM R, Hrdnh $240,000, HEEGEE] 1,200 SF e Rt , FrfnaE. G 1 5Fr
PR, PrdEs $600, HPrMES +$600. (Y RFCHIERS, [F—8%8E R R T8/ E
HAN R RE.) HBERIN T : ZERANERIN, S T RrA WS sl A B s R B M B & A T3
S EE R B2, TN R R GBI ETEIZRRAE, MDA BRI
HHAM R —FLA R ET R, SNTEAM, FAS N T SIFRITTE, T 84
FEREAEE T R v B, FE 1,200 P07 35 RARI A 4 $1,000, B A 122 A0 TF 46 ) DX 18] 41T
TP it 5 e —3

U5 IE SRAS A B 15 IE R AR 32 19 AR IR A (B 7E 1,200 “PO7 e R, Fr ¥4 f¥ R,
ZAEED AENE, $1,520,000; FE 2,000 B, %A $1,520,000 + 1,000 x 800 = $2,320,000; £ 2,800
B, $2,320,000 + 750 x 800 = $2,920,000; T7E 800 FHHRN (EIEh AR/ ER) B, Z{E
1 $1,520,000 — 600 x 400 = $1,280,000, M 800 %] 1,200, Z{E_F+ $240,000, #4355 $600, X%}
MEE—AT; R REOREOMERKE, WA RAEE N ZE A E 2 1,200 E’Jwﬁ {H SEBRELE
BoRIFFEINE . 22 ] TN A HAI DL & X Rl B K 2 ﬁﬁﬁ@%T B HIR K
B EARE T R4 —600.

GARFIRAEIR T AN E ZE 0L, TR 2i:

o AXHAEM. earth FEHFMERE (BIZRTR MBI B, Friedman 1991, §3) o, ZHA
FHAE R RGBT 5 —AMRER (RIfRPE R EMEA), &2l h(gla — 1500) x lot HI4E 5,
eRT, “lot” B EA R F /T 1,500 FHERNSHFAR, HEMHMERREES
TRLRIE T HMARE (PREFEEMS X %E"J"ﬁﬂﬁ) % FAG . BRIFSI—A R, AEAHihr
FEBE —AME, HTH A S A IR .

o KTAE B . BBAI AR ERAE i TG i T RTTREIE KT e B
TSR . FEFPH SO LU I R AT P ISR . LT/ TTRR (L2 1 25 SR 5 45
TR

FARDL: A E-58 A2 HAR A

AT R DLEGR S AN e GIEFR I T30 . BTN B 3 MARS SRR 5 IR R fe
HE R — AN TR T A 8 . — A BRSEBR BRI T 2 DA B AR 24 5w 2 A PR O -

fRol—: L HAEH

B B h(u) = max(0,u), HA u AL —MERE , 21, . .., 2y EAEELEIH) MARS
B, HYAER

flx,z1,...,29) = Bo+g(x +ng (21),

He Bo BB, A g QU 20 HIERE, 1 g B8 o RPN

K K
g(x) = c-x + Zajh(x—tj) + ijh(tj—a:)
j=1 j=1

BEAL, 61 <to <o < tr &z PEENSNARETIA o 2t SARENRY. b & ¢ 4K
I ECHER R K, BB AP RTINS . 00 05 1 ¢ RAREMET ¢ » HOREL, HAFAELL
T R HTE RN . earth {UfE linpreds 31 FHIE EAKILIN, 524 Auto.linpreds JA Al
(ZWEM 1 JFHHER) « BAFLEIEIT A P A AL . M RER c=0; %
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to = —o00 H tgp1 =400, W Si = (i, tiy1) (HHpP i=0,1,....K) XLk x B & ¢ =& S
WAL, tin REAE R RN S L, g WEBNMIMBEAEAE, Boa2LMmE, Fit g 76
Si FRREMR: ZARREE (BT f EMINEIIARET «, ZREAE S, Wi of/ox) R
H1S; BEEAN, 1BHE rie @ BB REAFNE ro, 71, .. rke (5 K =0, M{CAE—NXH, P
(—00,4+00), HZEERMP—HM ro = co) TELRATL, g WA TE: HASERA SFH5 R
rio1 Fory, BIEMZE a+ b LT SCEH 2), FIEMNRTE ¢ ABRMER—F2E (HAEE
A, maE ¢ B

1 (K _ER A . RAARERIZS, SFERie{0,1,..., K},

% K
r, = ¢ + Zaj — Z bj,
Jj=1

j=i+1
Hp B FE L 0o FRAIHL, r BT K A 2K B8R (BATR—1), UK c

EHL 1 MEM. BE fl—mxe S, it <z <tizi. HE g PEMME, TE v PEAS
W, AR /AN, UETALT Si W W8I ¢ o BMSECRh co XTALT ¢t AR &7 <1,
Mt; <ty <o, FWELBBNA he—t) =a—t;, HRECH 1, Hji>i+1, Mz <t <y,
HWIZAH h(z—t;) =0, HSER 0. WFOT ¢ MEHEE: B j>i+1, WMo <, HKA
hitj—x)=t;—x, HREHR -1, FHj<i, Mty <z, FRA At —2) =0, HFHH 0. 7 2
AbTT S R A BRAN , FEZ AL AR 5 AR S0, R

g@) =c+d a1+ > a; 04> bi-0+ Y b (1),

J<i Jj=i+1 J<i Jjzi+1

B EARARK RFHE: RIIE {j:j < M {j:j=i+1} AR, HIFEFR{L,... K},
P EATR t BTk a; 30 F—A, AR TENE ;. MELA K MR, H
ri 7E S; R 1 LR o |

BARCIRE : WERXTRA j, b =0 Mar, WRANKXE Sk B o) FA K.

% (4 c RAZER) o earth I DL —MFIER R —F LT P —F L —HLZL (BIEERR
c-x ), HAEWMARMLIHG X, MXFEREXREZ, linpreds, BT & linpreds =
c("GLA") ZEfy ZAFEMIFNF, 2 &5 2 AN AE DL T N . RV 6 R s 19 0 L&
RORTLF XBORT T N RIPR, (HARESHERI S A5 . Auto. linpreds, X2&—ERIAFF
SRR —FF R, A MRETTERAE: BAUMAS T earth X SZR ki L& AR 0 B T B
A —ANEE S B EAT BT IR/ N IIME ALK H DR AE B AR TEFTE, W dE B R L
Mo RIASRRIFAL . TIEMMELL, carth #&¥ I LIAiAs 84 R H R MM, 7
earth FFZEEA P B/RNK 221.4 * GLA, WIFHIFTR. & 18l c R, ZRHES HEANX
B BERA Ay . Hln, A

mod_linear <- earth(

SalePrice ~ GLA + LotSize + BathrmCount + BedrmCount,

data = sales,

degree =1,

linpreds = c("GLA", "LotSize", "BathrmCount", "BedrmCount")
)

2 USNETT LB A FAE (i degree = 1, B ASBIGLMIHIRM), FHAE carth 11
ZAF Onflfid), JEREHRE) Box:
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SalePrice =
179843
+ 221.4 x GLA
+ 11.8 * LotSize
+ 34872 * BathrmCount
+ 17641 * BedrmCount

M EERR, XRERM ¢ =221.4 HIRBRE#MBRE, K =0 (CAMXE, MRIEE 1, B4
BARTEE N IR — BN ro = ¢ = $221.40 FP 7R M im AR i SR Eb a0 505 AR IR
oyl $11.80 AP U7 e R mi AR $34,872 FplAIHy = LA K $17,641 A kiba. A #b7Eid B i
o MR R T E S, AR AES B A L. FERRTEREN . BRI S R AR
BOHERY B R, Y AT N B ) e ME AL . «Journal» SRHA] Auto.linpreds = FALSE pEfT
THA, IR HBR R S BN RHIE I AR SRR N R AR, MR BN Z . —BBE, flan
h(gla-800) 700, HA7mifi T4 AR B/ NP EAL, X e =0 K =1F1 a1 = 700: 7ET5 A
N7, AR 0, XN e SR e R BT, B 700, R BRSO R —
7o ML — AR 7 RACHY A A AR SO E B 2.

g 1 (RAMFS) . —NREON b BIESTEEE, & ¢ ZMEA X B L, XRMTTIR —b;: 78
AMRTIHR 0o FE/RBIF, LT ¢ = 1,200 ALK b1 = —600, Xf ro TTHR +600, XIERAKFEHIEL
FIr BB G B A FE B o

WM. 2 0LEH 1 HRISE AN ]

TR, DAL IR R R

T LV, R EORJLFFr A NFEM AT ENIR ) MARS SRS H A —Fh s : BTy 5%
T IR R BRI TT RAE N AT R R B . B SIR AR . BRI RBUR AR A ZE A%
AUTREEAE, TiAERIRACL: ik, REAIRERE TR —NREBARIER, I B AT 5 LUK 5 2
BT AL HE SR R o HAT KPR IR BB 328 e e pEAT T3 ol A AN R AR
FPEEF RAR AP TIH . RO REERTEE IR A, TRBGE, JHRE MARS LI f#
Mg5ie. EIIERELIILEE, TR RA R,

EE 2 CRBURD . RIS 1 iids, WFESie {1, K},
ri = Ti—1+a;+ b;.

F, TR, = 7’0+Z§:1(‘Ij+bj)wﬁ\qj ro = C—Z]KZI b; 2 X B AN r e = c+2§(:1 a;

Je A i DX BEFR) AT o

2 ME. B i€ {1,..., K}o MRImEM 1,

7 K i—1 K
n:c+2aj— Z bj P& ri,lzc—l—Zaj—ij.
7j=1 7=1 Jj=t

j=i+1

BB, ¢ DU AN o SRR RIGUMIZE A0 a;; LT S0 by = bi+ >0, 1 b, b Tk
PIANFIA ZE 3000 by, HTAE rima PR, WFE r PARBOEE . I ri —ric = a; + bio HE
EEX j=1,..., 0 RN i@, BT #ETE8E: (r—ro)+ (ro—r) + -+ (ri —ric1) =ri — 10,
H AR EERFI AR ro Fl re FMED A ¢ = 0 &b (GZAL o BIRITRZS) Fl i = K 4b (iZ4k o i
A BEH 1, [ ]

e 2 GRECN) o 7EREHL 1 AIBCE T, XFER i€ {1,..., K}, BT A8 ¢ X B
A i = rio1 + a; + b EIVETY i BB R B0 2 ZE 15 R B BT b T 28 RO B IR R
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XERH B o XPIE RIS, B ry = a; + b G HAY rim = 05 FeRlM, 0 F— MU S A
HEHA SRR, XPPEOLAEAAE ¢ = 1 Abs ARYEER 2, BRIRHATH I T R R A E,
TRIAS & AL BN T R4 2 A

WEH . BE—ANEXEAER 20 v = a; + b BHAY v =0 HULATH. BXTHE j M c=0,
bj = 0 AL, WIARYEER 2 WAF ro =0, Hik ri=a1, Hrioi=3, a5, ROCEXEREZHM
WERFET 0, "

it 3 (MR MIAEE) . TEMEL 1 MHEZR Y, g TEEA T RALES:, A BREE S A 4t
B Wik, SEFEA 2, f(,2) WRESR: IERX— S AT N ZEMIS A MR S, H
HEA N, HHEEANREEN— RS ER D — N8 B xc M xs 405007 EGSE B RIS X 5 1)
v &, HWEREMEE YRR mE, Bk g(z) —B0 f bk o iRk « Y8 o« Ab
BTk % w = min(z., ) « up = max(z., xs) LK |I| 430RIFRRXE T KE. Ba, HER
g(xs) — g(ze)  (BRApfimT ESE ) AR 53 k-5 At 0 %o 52 0 B kA 28 TR I BB A

K

gl ~glwe) = [ ) du = signe, — ) 3" ri- |80 )]

1=0

o WAL ABEEWRZ WM, Bl TN X B EAREER . FZRS
B A 4% IX 1 B By 5 DX B B2 A SRR Z Al

WM. g RIESEN, H Ao Bkt msl, HaBEoa R, FHbRqaxiEsin: R4 e,
 g(xs) —g(xe) = [ g'(u) du, Hrh SEAET UMY, T ERE—NARE. 5
A S b, IR 1, SRS T, El f;f g (w)du A& i b o FELLS; N [ug, uo] KERIFN,
R RBTIRK B 05 H. [ = sign(zs — ) [,7 AIEFRHAH . o u

RER g WRBEZETEN 9(2s) — g(xc), FTERENDRZ BT MEE 1R 2 5
T g BRI LR L, JHRER S RIEE TR ERI ., XA AHEME R SR TR
] $2 0 PR 2 BRI SR REAS A 2R . X IE R 2 o LLRE B o Y 8 B AR AN T L7t
FITERE A -

DAKEHCHR 4 b B AR B 1), B S B /N B B R TR O 800 P77 e R, A4 7 AN AT
TS H1 1,2004 1,600 2,0004 2,400+ 2,800+ 3,200 Fl 3,600 EHy R, A pAg 9 A, Hep
2 AR BCEE, AR R — 1Y R R SR RCXT . 4 BIAL T 1,200 A 2,400 b

h(1200-gla)  -500
h(gla-1200) 700
h(gla-1600)  -100
h(gla-2000) 150
h(2400-gla)  -200
h(gla-2400)  -250
h(gla-2800)  -300
h(gla-3200)  -150
h(gla-3600) 50

BT SRR A KB B KB A 45 T 3 S BE R B R T Bl U B AR B -
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B (sf) ARG Ay ($/sf)
800 % 1,200 (1200 — gla), h(2400 — gla) 500 + 200 = 700

1,200 % 1,600
1,600 & 2,000
2,000 & 2,400
2,400 % 2,800
2,800 & 3,200
3,200 & 3,600
w3t 3,600

h(gla — 1200), h(2400 — gla)

FiMEEERL T 1,200. 1,600 Ab; h(2400 — gla)
AEETE 1,200 F 2,000 Z )5 h(2400 — gla)

FBAETE 1,200 % 2,400 2 JH]
BT 1,200 % 2,800 2 ]
FHMESEETE 1,200 & 3,200 4b
FT A BN B

700 + 200 = 900

700 — 100 + 200 = 800

700 — 100 + 150 + 200 = 950
700 — 100 + 150 — 250 = 500
500 — 300 = 200

200 — 150 = 50

50 4+ 50 = 100

TENFH I SN . e 2B A 700 — 100 4 150 — 250 — 300 — 150 4 50 = 100
A TITE BN AR R (BT RN —A), XIEREH 1 K =78 ER; HPhmirx
B RIER . BN RS ESEEE A J17 A M0 T B B O TN T19 s A
Mo HAMPILEE, M 800 T ZEHAM T A 1,200, MR : NG RMNEHEABITN, HES
SR, EAEAN T IO T AT AL S AN . TR — X T R BT AL, SR
ZEZ M 7E 1,200 4b, —500 + 700 = 4200, M 700 %] 900; 7E 2,400 Ab, M 950 FEZE 500,
By —450, XAEIFRIZ T EAE P R AT, B —250 F1 —200: ZEad %1 A A S ST A
BB BRI, HaX BT AS AL #R S IR — 77 1 VE A o

A O X B O AH ) B p e o] DL S < AT AR R W — A KB 700 FFiG, £ 800
1,200, FFEEL AT ST, I BT S A RE R 4200, —100. +150. —450. —300. —150.
+500 ZEERE T T2 /\A BRI T, g R 100, EA (direct sum) F{F
B, XWERBRFIPITIERME: W B0 W& EeE W F R E— IR, DIBGIE T 250 0 2R
R B WAE 27, HLT 2,400 kb —450 A A RS FEEETEE, &8 T RIS
h(2400 — gla), DL BERITET ST AE +$200; [FN G ANAESEE h(gla — 2400), H —250 HpbIr
fh. —200 — 250 = —450, FAM $950 &= $500,

4 FPX—ANFAAERIH TR IS5, SRR/, TTDLAREE. SR FERETET
FUCH R BRI B A s BB SE— AN X BB fY 8900 FF4s (F TR E) . &
—ERAR T AL SRR LS . A B SR 650 — 250 4+ 150 — 200 — 150 = 200 F| F 7 4K
TG, ST 1,200 AR SUHcEE (Bl —900) B 55 —BR A%y +900, H A5 HATAT]
HR PR HAER

RTZEERER, AW AES R, FEMPEREEE, Mk MARS. &k, Abriin
ACHG R 800 P W RMAESE, HIERMARIRANFF IR H] : AR s r G Rl E B R E Rt
G BN AR 22 ) ) B 3R —FE—— AR LR AR N B R IE P ZE AR K R, @ i
B4 MAE B R . AT XIEE F/NE B IR, KT EARN T s ie 5%, R AR B E i
E UL KR BB S FEAERE, MR b AT B B A IE % . BARATE
AL 23R Bl —ANBUE, AHZEUEE T AMESE R . AR A 800 P R B F IR, HiZ FIRZT
Y XIRARRAE . TAEHE: AR T XIEAE MLS J R0 5= /NS A, H B AREE
B, mMAEMIH. Hik, MERRET G R : NP7, BE 5 bEuE T X
& 1,200 & 2,000 “FH R, MERAF, XEFE—AXIE. 7EFMEEE (Atherton) (A /RETHE
(Hillsborough) 2@ X, AR (GLA) phZZMBENS X H o] GEAL T 4,000 5§, 5,000 ~F 77 %R
DLk, REIEREREF X b, WA X B I & 5 5 FE A I 5 g 1 [/ —
PRI R BAFFE L, IR ATEP S mAEE N . AR RE S B AR N, IEmEH 1,600 &
2,000 P FR KB FTR. FEHE) @A T XN, SRMEEDER, MR ERM I
PR M5 BT, BISAIE6LE T HP MM LIS (RS R) . DUE S s AR PRI
MR B 228, MG H SR RRh &l AT
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The coefficient at a knot is a step; the rate on a segment is the running total

$2.2M o == fitted vélue

$200/sf
$2.0M ~

$350/sf
$1.8M ~

$1.6M ~
$400/sf

$1.4M

$1.2M o

value contribution, incl. base value

$1.0M A

T T T T T

step 2—250 step 2—250 step §+150 step 2—200 step 2—150
1000 - : : : : :

900 +650

. : 650
500 | =50

400 +l§50 350 [
o é Ii I! li Ii 200

$/sf

—500 A

—1000 A ‘2900

T - l - T - T
1000 1500 2000 2500 3000
living area (sf)

== rate on each segment: the running total of the steps
Il coefficient printed at the knot (right hinge)
Il coefficient printed at the knot (reflected hinge)

Figure 4: T RIATH A A 800 77 3 KA I 44 A Al o779 A2 - —900 A (1200 —gla) +650 h(gla—
1200) — 250 h(gla — 1600) + 150 h(gla — 2000) — 200 h(gla — 2400) — 150 h(gla — 2800) . FEBRT
LA, FAXEBEFRET #4800 SFA R TFHRKIR AL, HANFELRERE. TE
H, AT R R USTEE BN, &R EIEKE MR R s & —5 B % Sk
FRERER (AL A—5, AT RS — X RM AW, €8 2), Hit—BRM RS TH K
AN N B A M AR I RSN, TR S R A A R TR ZE ML N B4R
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A high-priced area: the steepest segment is the largest houses

data from 1,500 to 8,000 sf; rates rise with sfze
$10.0M - up to 6,000 sf, then fall away above it

$600/sf
$9.0M H

$8.0M
$7.0M -

$6.0M

value contribution, incl. base value

$900/sf

1,600

1,100

1000 A 900 |

rate ($/sf)

600

T T T - T T T
2000 3000 4000 5000 6000 7000 8000
living area (sf)

Figure 5: RIFEEFFE 1,500 £ 8,000 P75 P R Z mIBEHE , % XIS E R : —900 ~(3000 — gla) +
1100 h(gla — 3000) + 500 h(gla — 4500) — 1000 h(gla — 6000) , FEFH—ATiELE $5,400,000 FHZ
BT HRANMARER: $900 « $1,100 « $1,600 K $600 . JKilE & FE R X ]2 4,500 2 6,000 75
R, ZXESLRES; BAXAEKIESZE; #id 6,000 EHER)E, BIETFIEEITE . AR, M
AT GHTEA
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An intermediate drop: one builder's houses of one size and period

$2.0M | gata from 800 to 3,600 sf: 1,800-2,400 sfis a tract
of problem houses from one builder and one period

$1.8M A $350/sf

$1.6M H
$550/sf

$1.4M +

$200/sf
$1.2M A
$600/sf

$1.0M ~

$0.8M o

value contribution, incl. base value

$0.6M -

800 A 750

600
600 : : 550

rate ($/sf)

400 - 350

200

200

T - T - T - T T T
1000 1500 2000 2500 3000 3500
living area (sf)

Figure 6: R4 800 % 3,600 77 3 R AR, HIL—UH 18] R : —750 h(1400 — gla) +600 A (gla —
1400) — 400 h(gla — 1800) + 350 h(gla — 2400) — 200 h(gla — 3000) , FEHE—AT5ELE $1,100,000
A B PERBIELN 4 Bk $750 « $600 « $200 « $550 F1 $350 o fEi% 1,800 & 2,400 iX—
X g — R HE—H R B TER — N SR . IRMEER X, BAETSMENE GXg—1
BEERE)) : ZIX AN AR = $200 . HFEZ X EIZ BT WREE R —400 B R E0E
1,800 ALHR Az X By By, s R BERL I8N T e, S X = AR iR
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Rl AZHAEH

LB R E AR RPAHFRRRZER, RGN EFRAEEA, BAMEZERAR
. Bln: v-h(gla —1500) -loto Z6) 1 spEIFTANERLRE, A —MARET 2L X
PN A AN B A A R R, AR DU R AU HAIE B, B 5 R O A o D
TR o

WH. —MUEREZ LR MARS #8221, 2z BEREI LI SR

M
f(.f(},z) = fo+ Z’Ym H Bm,k(zk)a

m=1 kGFm

Hrp M FRBRBEEIT SN AL, Bo FREEEDR, %A fy U X S I 2 FIA A, T m i3
BN Y [Lrer,, Bk (2x): BIHREL v RELZI P EEANFFAER — AN EFo KB, 2= (21,..., 2):
T ARG EI AL, 20 £R 2o HIER m HHRFEMRES £, € {0,1,...,q¢}, —
AT B BRFAE, HAEEANE T By #ZRHE 2 BIBREL, W =FRAL: RHEAR L 2
AEHE h(ze — ) BUHTEREE h(t — 2)0 BE My = {m: 0 € B} AEE z B T m e M,,
Bio(z) BEWIE « FHE T, MIATHKHMEAE— ML 2, HWE k€ Fn b # 0 M
fiE——MRZT o 1) B E T 5

Pm(Z) = H Bm,k(zk)

k€ Fyn, k#0

FRA B TR, STRN 1. WBAHYE: — B AN BT, — AN ARIEREER
AR T e B A B — A UE . A EE T LAFT B H A R A B B A AR B R4, B
RIEREEE S 1 HFE . FEFR Pn(z) 20 m FEHRETE « P il EXIREU R 5 Bl T &R 4 -
Wi m BUA Ym Bimo(x) Pn(2)e TERER 2 &b, ER—MUE, HWE—FEE L, %X « WFE
FINFE—ANBA R v P (2) FIERELEE, TIZTRF RN NN B 7 e WA i H A
Pn(z) =1, JBTZH 1 Py,

Blhn, e S EIE 0.03 h(gla — 1200) A(lot — 6000) Hr, BEAEERA =, W = Ay HE
FH h(gla — 1200), Hr “—75” #5H3, H P,.(2) = h(lot — 6000). X}F 5,000 75 3 R F) Hi e
P(z) =0, ZIOREEA R XFT 10,000 P R AHIE Py, (2) = 4,000, ZIFE 1,200 4b4E
FEEYT R, RECRH 0.03 x 4,000 = 120, 8T 1,200 P75 % RATES S84 § P9 R 120,
AR FFEARBR G — NI L& % DHFAE ;. earth [ degree Z4L%E 7% LR, H N R BT
MBI BSL . — NS d MBI, HEMW4EER d+1, X4 d 8 2 i, ZEETERESH %
PR RY R, SRR R —ARHE, ERRAERFREE, e 3 B 27EM I X5 8 5 i
TE AL AT RITI F#E . Po(2) ERZVI A ER A2 AL Tik—WA L DA ETF, TERED S
b BATHRBUIGZ R — . TEPUHFEIR v h(gla — 1200) h(lot — 6000) h(age — 10) baths Hr, 4
v =0.001 B}, HEEEAFRYE, Pn(z) = h(lot — 6000) h(age — 10) baths; X}F 10,000 PR
FIHiEe. 20 4ERIBRF 3 MEIAZ, 4504 4,000 x 10 x 3 = 120,000, HUSEAFTEA 1A, B0
7E 1,200 AT R EE, REH v x 120,000 = 0.001 x 120,000 = 120, & FHHER B $120: X5
IR TR AE R A, AEREENT Z 65 BRI 4 Y HA B 4 DL K B g R
1 B I RECAEAE R AR N EUE : BT 2 E R T H, R — NS
ST HAT SR ——F AR T 6,000 PR R BET 10 24 Pn(z2) =0,
Tt HAMS 5T, G AL AT 5wk REGEE . A EFB T FiZIg % B ae
Htii% . AR FRTER B REIRA T WA 22 H. (degree = 2),

Wit < - <tg K Bno PERTEREMSZAFET A, Hp to = —oos tgp1 = +oo DIKLE
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Si = (tistiv1) GO 1 FHREXHF . XfF me M, flie{0,....,K}, X

+1 & Bmo AFHiEr AR5, SRR < 6 WAL« —t)),
Smi = -1 %Bm,() j’g?ﬁ'ﬁ“ﬁtj > tit1 H’J}iﬁﬂ”ﬁf&%h(% — ),
0  HfhfFol.

—A RARHAMAEMNE 2o HTFEA Bmo 7 S REREEENSRESETZE, Wk f £ S EX e
SRR O TREER 2); HACZAERRIEREY S Y8 2 AW £, 88 ri(z) = 0f [0z, Hrp
x € Sz'o

H—URWUEBERAMFS, HSF THARGIPHEAE (% Earth 4 H#E0 - #&EE 900,000,
600 h(gla — 1200), —350 h(gla —2400), 0.03 h(gla — 1200) h(lot —6000) LK% 15lot. HAFAFELIE &
R = 20 = gla FIHIRTER 21 = lot, Bk ¢ =1; #EEA Bo = 900,000, A M =4 i, LI
—AbJEAETRR 2,000 “FJ5 PR MR 10,000 P77 5 R B3 A

m Ym Fr, Bm,O (-T) Bm,l(zl) Pm(z) ﬁ%ﬂkﬁﬂgiﬁfﬁ
1 600 {0}  h(gla—1200) % 1 600 x 800 = 480,000
2 —350 {0}  h(gla—2400) 1 —350x0=0
3003 {0,1} h(gla—1200) h(lot — 6000) h(lot — 6000)  0.03 x 800 x 4,000 = 96,000
4 15 {1} T lot (RFE M, ) 15 x 10,000 = 150,000

i, M, ={1,2,3}: % 4 WfE « HRA R T, BIEEREBK/NEREEMAAREME, BABEN ¢ 1
My, BIAE R f = 900,000 4 480,000 + 0 4 96,000 + 150,000 = $1,626,000, 4 1 WA 2 HikhH
BEXTIR, H Pi(z) = Po(z) = 1; 4 3 A —AEAIH, H P3(2) = (10,000 — 6,000) = 4,000, EJ
B TR . AR A E R 3 X Le O B . AT TN ¢ = 1,200 A t2 = 2,400,
BN T WA Z AL B St b, HpIi 13 3 A%, M 2 T (s11=s31=1, 501 =0);
B r1(2) = 600 x 14 0.03 x 4,000 = 720, B FEMH 10,000 FJ5 3 R HE A

B 3 (FREAERMXERM) . KA LRIE S, WTER § JMERA 2,
ri(z) = Z Ym Sm,i Pm(2).

mEMz

P 3 WEM. BE i B 2, Bz € Sio B m ¢ M, WIHE » PASEME T, BIE 2
O HAE ¢ PRISECN 00 28 m € My BIIET v Bimo(2) Pn(z), HH Pp(2) DR
T oo RYEER 1 IEW P AEOL AT, K T HREF Bmo, W Bmo fE « ALH-SEON THRAE
AL L X TABEE, RIRETT AT ¢ RSN, BTt AEEHAM, HSE A 1
B 0 W TSN EEE, AR AT i ABHAN, ST ¢ AbsH M, KSR —1
B 0; WY, EET smee BIL, ZIR LT ym s Pm(2), T f (—HAREED) 3%
MR LR W B AR T 1 T IRAS 2 € Sio u

SEH 1 X PR M, PR AR, FIE P (z) = 15 BRIz B 0 7T i
BT, AR ENZANER R A AR T T RO ARt Ko s — A EIE R W
AT R AT BRIRAGE TR SCR BRI ER T I BE AR B DL

it 4 (CRMMDUERE — RALRBUE) - 7ED 2 WBCE T, XFFEA @, B r 205 2 BR%. 4
B spmi # 0 BT m € M, TR, ZRNTE 2 ARIHEE. YREANEE smi # 0 H
A IR, ri(2) BIMEREL 2 = 32, ymsm,iPn(2) , ARG RO A (E I 224k, FRARX LT
SR B, ER—&B ERAME « MR EE, BB R R H 22 R AR R
H, H o WRMERE. XPRRP SRR DU AR B X B E A 57 5
) B B o
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HEM . ARIEER 3, 1i(2) =32, epr, YmSmiPm(2)o HEMHL spi # 0 T TCECR T, WEEAX
FER) P #OEZAR L, HIEFOAHEE B0, S EDEE—ADFIIR vnsm,i P (2) . HH Ymsm: # 0
H Py BED—AHFHR, WA H S I — AR Beh% . HIZME » Py
X LTI 52 AR N A H 4L u

it 5 (£ o WIt—B L, BMEGE MR MR RE) . ER0 2 MBET. B i —
MEFE zp (p > 1) DURFTAHMRAERIE. BER, zp = 1i(2) J& 2 BESL B VEREL, HorB
RALTF My & EF By BT RZ o 78 o b, SEMIEREEER, BMUTE « BT
Rt te ARRATEAR e @ BHAKPEIICE 25 E B il T BERE o BT RO,
FEAMKFERTY 5 T o

HE o FEHABASRAEF ERITEOL T, B4 P (2) #OR—NHBERLL L G p ¢ Fo) BERRET Bip(2)
JEHEBIA 2p ARG h(zp — 1) B A(t — 2p): X 2p HIESTBANERE, HEZH MR, LT
HAT sl BB E ARG BUEH 3 5T ri(z) gy g — s H Ao B
LRMERR%S, FCB RO IS S I R AW AL B o AR B O E B 3 Ay X TEER) 2,
ri(z) FEEA S LR, HRREBAUE « B35 G . n

it 6 CEBE 1 M ESRARGL) o ERDL 2 MBUET . &8 3 W ri(z) AR S AR IR
w032 | M, (M o WIRECR) BRRE . HATeld K —A o T RTeE i BlES A
M, Wi, HEAT BT AR HIARRBI. K2, YEE sm # 0 LS KA
IR ZS . L WA AR TR -

WEW o 3T 41 h(z—1500) lot Fl y2 h(x—1500) h(age—10) & M, H BAHF T AR, HAE 1,500
EABERE L, BEW sm = 1 ¥ME, FHRHEEIEBTTER: 1 7(2) = 71lot + 72 h(age — 10)
LA K EH R — T RPN INEL GRS IR BT R — 35 s B ToRR B ARr 0 . X 3 i A
B —AN HES I8 8E h(lot — 6000) I, FEWE lot < 6000 M sS4b: B P(z) =0, Hizn
BonZE, RE spm; #0; MTEZE lot > 6000 1) siALIA K2, u

X B AP T g AR NFETEAS i R P AR B — AN S PR SR S5 R . — H AR BI, R %A &
B I AT T ARt A A R E LR, RIS — By WA TGRS B, AR H BLTE JE A AR A £
PR, RS BIFER B, @RI R AR S EER (MBS ERHIZ
B FTES TR DB ) A2 B, B R R AR S AR a3 B A B, PR 3 fRE 1 Ok BRI IR K
o earthUI Hifl) A8 B2 B HMMZfil4500; T plotmo [ “—By ] Ty 22 il B MR Y
YiA, HopHAWA B AR EEMH T, BT i E (a0 plotmo f—Ry A1 —
FriEl, Milborrow 2024b, earthUI ¥ HIFHERER) o X AL LFn e, R 2R % F HLE
IR, TN _ERANIE BR A B R 5T DL LB R 7O s 1% BN R X 258 LI ) R A TR AR TS A
Ab % HEARAE, BARARRIE IR T RO R T ANERT— 2R 55 LN AN—8% 5, 8035 W BAE
5N TAE, RERERRER BRI —FEL, HENERNE AN REmRRELR. &
BE B ZERINE R, EXGB R TR R WA S S R IR R R X —
g, B TR ) 7 s T — AN AR b R AR S B AR R T R, 9F
PR T BN AS R JAR AR B R AT T AR AR B h 4% o

B 8 MW 2 s i A, WA T M I T AR RS . fhxhizZ w7 — M S E A
ARG EAERR 2 HAE R AR, Horp e AR 80 B — S EHER, $500 T 5 R, i
PUAN AR ELIGTE A%, T 26 SXAFARTE A AR A Bhas il i Rt 2 IR B4R . DADUAE Joid i B 7l
B, JEAE AR B A 5> A2 B RREESE O A . $600. $1,000 $750 A1 $100; 2 LU B A,
N2 ELHESE =7 UMEFBR R RG], WA THEZE. SR S e M, e
PIEB B, HIEMEFRIEG WA G 2P I EE A (HEAUH B SCEmHRLA Bk A,
X WA AN B ER A B0UE . BEEERRELZ BN, HRERIBLZ A ERS . XL
OB 2RI, JATERE R AL T 88 R E BT 43538 T AR A S 250 A 24 il
AR, XARERRTENA R B AENSEKERE TP R (WA #ssg) ., maEd
GiEAARTEA E R R AR R E
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Living area by sale age: the surface the software draws

P

$2.5M
$2.0M

$1.5M |

anjen aseq "|dpul
‘uol3NQuU0d an|eA

$1.0M

3500
3000
2500

1500 2000 \5’\\
X3
Se/e 1000 1500 o ra(e
() 500 1000 Wb
(049 0
Vs
)

The living-area variable graph, read at two points
$3.0M .

== read at sale age 0 (a recent sale): one rate, $700/sf, no bend
== read at sale age 3,000 days: $700/sf to 2,000 sf, then $325/sf

$2.5M

$2.0M -

$1.5M

the bend is the interaction's:
—0.25 x h(3000 — 1500) = —375 per sf

value contribution, incl. base value

T T T T T
1000 1500 2000 2500 3000 3500
living area (sf)

Figure 7: JEHEHEMASHERBEZHARZ E/ERH: 1,000,000 + 700 h(gla — 800) — 150 saleage —
0.25 h(gla — 2000) h(saleage — 1500) , F&F 800 F 3,500 77 I R A6 1 FR AL P8 DL A 4 B8 R
k3,000 REE YR, bEGEEBERACNIZ AR AH M. TEER TR 3 WE
R EFAHAR 5L WA B B LI KT AR 5 B BORBRE 1,500 R B, AR
B F h(saleage — 1500) A%, KL HAEHA=ERm, Hi& T ER $700 MEZL: EX
AT 3,000 KETIZRE Z 9, HEAEEFA 1,500, YEFUEE 2,000 FI7 R, 28 BAER S
0.25 x 1,500 = 375 & F 5o R, IFAYBAAN A $325 o SRR B8N, (A& R AE TR AR, 6
ZHI) TEPIFMEDL TR —F B &S IE TR BN, HAE EAR R 5 KA [ i
YRR I B
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value contribution, incl. base value

value contribution, incl. base value

Figure

1. The living-area plot the software draws: the main-effect terms alone

$2.5M A

$2.0M A

$1.5M A

0/sf, one rate, no knot

T T T T
1000 1500 2000 2500

T
3000 3500

2. Living area by sale age: the surface, where the bends went

3000
2500
2000 (&
1500 22
05 o 1000 (@

3500

3. The living-area variable graph read at three sale ages

| == read até new sale: $500/sf throughoutr

read at a two-year-old sale: 550 / 750 / 625 / 300

== read at a four-year-old sale: 600 / 1,000 / 750 / 100, Figure 2's table

p—

8: & 2 Froniliiyy, Hop R AR S AR BRAFE SRS ELARE - 1,280,000 + 500 h(gla —
800) — 20,000 saleyrs + [ —25 h(1200 — gla) + 125 h(gla — 1200) — 62.5 h(gla — 2000) — 162.5 h(gla —
2800) | x saleyrs , FHEFAERR (BRAL: 4F) JHEAN 0 2 4. FTERIMU I EARE: 18 4 Fhf, IEH
Eﬁ%@ﬂ@fﬁ{ﬁfﬁﬁﬂ 2. $120,000 FrRHE(E S8 HEEKPEAR. ZEUHTER, RIETR

T - T T T
1000 1500 2000 2500
living area (sf)
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5 — AN ER KA R EERLA, TE R X — 45 R AR LR B P A% L

L 4 (ABMARIRTIT) . 755 2 28 (Case 2) MRET, & y=2 (p>1) AHAFMEZ
—, Bow RERHRRHME, 2 RFE K ¢ {0,p}: # f(z,y,w) Fm08 [, HBHHM T4 &—
AAITHSEBINLT (e, ye, w), —MENRROLT (25,95, w), PIEE w BN XT y K{E v,
¥ oo WREEEh - Sy REE B, HER

Ax(y®) = flas,y" w) = f@e,y" w).

W My, FREEE ¢ fly . GBI RERUZTD: ym Am () Cn(y) Qm(w) : H
H, Ap(z) = Bpo(z) RETTE « PRIRT, RER o, S8/ER « PEEE: Cn(y) = Bnpy)
RGITE vy PRIET, RKEA y, SAEN v FEEE: T Qm(w) MRZI7EH R AL
R 7RI TR, A MR AE AR 5 BRI, B/ %R s sE, ST i\ i, B
Nl FETFEBIRAFIF, ZIT R 0.03 h(gla — 1200) h(lot — 6000), H Am(a:) = h(gla — 1200)\
Ci(y) = h(lot — 6000) PLK Qum(w) = 1o XF = BT, Y y FEbRABUE vs FEWT HL R ACEUE
ye B, BH Ap(ys) Al As(ye)s BIE v* = ys A0 Ap(y*), 7 v* = ye 4009 FERIEF, 24 = K fEd
EA. y MR, As(y.) = $240,000 %F WA HLPE 5,000 P77 e R AT HIBE, Ay (ys) = $288,000
X RbRBr 10,000 P75 ge Rk s AR5

Ao(ys) = Dalye) = > Ym[Am(xs) = Am(2)] [Con(ys) — Cim (ye) ] Qo (w),

meMz,y

MEBZEE f(2s, Ys, w) — [(Te, Yo, w) AKX v* BIBERE . Z AN KX —E & MHERY A, &
H—ANEAE y 5 HAB T A FREZE AN PE B B3R R R ws MXBAN YR Z 8 =N 808 2 4RE
AFE, BATEENZ E B4R X5 UK A AR RS shaE A G AR IR, HiZ e PR A e i
B, WA NP R R E L S/ E. FRhlH, S{UFE— R v A(z) C(y) H w
AREEHE T, 55X o BRANAEREZ R v [Alzs) — A(z)] [Clys) — C(ye)]s 4 = F sk
AT A HBAMWRE C EEEZERE, SEMEHFE . T A=h(z—-t) M C =y, ZEMEH
y[h(zs —t) — h(ze — )] (Yys — Ye)s WTF A=h(z—1t) 1 C =h(y—s) (BITFXHERTIRER), #Z
FZER v [h(zs —t) — h(ze — )] [P(ys — 5) — h(ye — 5)]o

EBL 4 BIIEW] . ¥ f PR THEEA SR o y 704 BEAEE ¢ WA S v BIRTE (25, v, w)
(2o, y*,w) AWAFEME, IFAE A (y*) AAHEIRE. B8 v HAEE « MIIEAMEELIKE. 2
& o BEAEE y BI0N Ax(y") BITTIREAMRET v*. BIRETE Au(ys) — As(ye) AAHEARH. T
m € Mx,y Xd' Ax(y*) E"Jﬁﬁkj"j Vm[Am(l‘s) - Am(xc)]cm(y*)Qm(w)s I‘& ?/* =Ys %n y* = Yec> j{Fjﬁ
frakizE, BIWRSIFRM. SEERR R f RNMERZE, BARB K v, [

W, 5 BAEHREUER FXRAMHERA S, AR T —A . —FP R EER 5 R — A
FRAE, RN HAE BN T LRSS BRI EME s 5 —Fh PR AR 3 Al I 0 S B . 3X PRI TE
B BB —2, (BAE RN B AR 5 o W LAl A (B R 58 R i O o 5 R 250 (R — P T S 5%
B, HEERET RG] R DB R TG ARER B RS (I «FE— 2
AL A (URAR)) WA BT AR, X PR AR 0 20 (8 X6 b R AE A T4 S5 oL
BRI 2T R B AN, R R AR R R 2 0T b se i R A, sk
- XHRHEIGAN—IK, SATEEZ AR S E R . B EE S FHER DTk E, W
b AL BT NI AT BRI B X G 5wl S 2 () 238 B 2648, 0 T B4R fE 755
s WEHEATRI O —4I, R ESERRE T . 72 NG, =474 508 FE A $240,000.
MR $75,000, DLz Herb it i A A $120,000, HEFIHR $435,000. (ELAFEAS HAER M
TEOLR , EXEIL RS REE A AT & A AR L s —Flodat 22 TER . 55— P i@
TR FE AR AR 7
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& ZBAR R A
oAU, BUER S A AE— R AR AR, DUk =38 Z I —Fh A2 R R

earth prints:

(Intercept) 900000
h(gla-1200) 600
h(gla-2400) -350
h(gla-1200)*h(1ot-6000) 0.03
lot 15

mERE 3 prik. EAEmBRAHA T, B 1,200 1 2,400, HFE Mg, FEE=ZANT: HA
BB — A B, EECXI A A(lot — 6000). fEM 1,200 F 2,400 BXEIKN, AT 1,200
Rb A B BE AL T IR SR A, DT 1,200 AL AR BRI B R R an k. BRI 0 2 X ) 4 SR R
600 + 0.03 h(lot — 6000): Hide AR A A AT AT SR A48, THALAE 6,000 75 % R K DL By BAf [
SEA 600, I ZEAEEEI 1 SR, BN 3 354y i 2,400 B, 2,400 AbREEETE
TRAERL, AR 250 4 0.03 A(lot — 6000) . HIHLAR L B AT A HiBRTE AT 6,000 77 3 RN
15+ 0.03 h(gla — 1200), EFLEAES A 15, F MG SN BT B — NS L2 R

PIERE R . Ik . SRR AR S IR A i AR T AR . YU R 800 & 3,500 S/ R,
43 A% R 5,000 P77 J RFD 10,000 P77 9 RPEe . M5 R F AR E B LrsiE, it
MR B 8 A%, AH B A

JEAETR CEIT3ER) 56 5,000 SHIRAJHEAM ($/F7HR) 5 10,000 SHIREY MY (8/F 55 R)

800 & 1,200 0 0
1,200 £ 2,400 600 720
2,400 = 3,500 250 370

FER/NER |, KRR T (5000 — 6000) A2, KA BAE AP AEATTR, if#is5 R
BEAR HAE R PR T2 A 45 5 — 30 XS 6 “TTIEAR” SN, TERCRRY IR I,
FREPEEF 9 4,000, 28 HAEFGEA KT 1,200 B EIBEH T 0.03 x 4,000 = 120, H.[F—435 54
(1,200) []B] A PHANIEERIIALRE . X IER “BAN T SAE— A7 X — PR AR B8 B A R o
ILAEBEAT IR %L o 1T L2 B P2 T AR A 1,800 “F 75 46 R, (5 it 5,000 P75 % R, £ 384E R $1,335,000;
TG P PR AL A 2,200 7R, A 10,000 SEJBERL, A EE A $1,770,0000 F5EREREAE
L8 $435,0000 15 SARE R B S5 ) M b v AR HE SR AR, SRR Al O Yo 5 A A T AL
PR . AR o HAT A B I T R R 2500 Y4TSR R T — AN X A N i, 3%
ZRA AT ERUIER, XIERESPIER T

ERREIR, BEMS SeE, BEREER

JE A TR R i) 400 x 600 = 240,000 400 x 720 = 288,000
Mo i) 195,000 147,000
Bt 435,000 435,000

MR R R RSO 22 5, AHOR SRR IAE TR b BB 2R AR TE 6,000 P J7 R ALK
AR FEAIT AT 2,200 PO SE R, #idR3R A $15 (KT ) A $45 (RFTeD), HIbM
5,000 %] 10,000 fA# 245k 1,000 x 15 44,000 x 45 = 195,000, TiIE 5,000 x 45; FET] L3246
1,800 *FAHER AT, ZEME R 1,000 x 15+ 4,000 x 33 = 147,000, EA—3L, EUMER 4 5,
458 B 2253 848,000, XIALF &1 e A 0.03 x [A(2200 — 1200) — ~(1800 — 1200)] x
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[R(10000 — 6000) — 2(5000 — 6000)] = 0.03 x 400 x 4,000, % $48,000 {EHALFEHIHP 400 75 %R B2
RIS HSN 4,000 P77 5 RMBER LA M E SEARE TAEMSE—RAE, B EW— 7 £
PPN I, KRR AREEAR ] (BPEAR AR (R AAR ), A5 00— 51 BoR
TR AR AR . $288,000, AR $720, HAR A H AR T B A BARBUE -

Feature: gla
Rates by range (data from 800 to 3500; nothing is reported outside it):
800 .. 1200 rate 0.0
1200 .. 2400 rate 720.0
2400 .. 3500 rate 370.0
Fitted value at the knots (intercept and partners included):
1200  1050000.0
2400  1914000.0
Comparable at 1800: contribution 432000.0
Subject at 2200: contribution 720000.0
Adjustment, range by range:
1800 .. 2200 400 at 720.0 = 288000.0
Adjustment added to the comparable: 288000.0
Secant rate for the pair (one straight-line rate): 720.0
Check: segments sum to the adjustment.

X P I BT R AEL Y 2 AR 6F 4 10,000 777 35 R AR EAR s EE A & 5,000 7R
HIH b, R ELSE ) R A TE AR ST ER (A R $360,000.
—OLPEIN B3 AE T L SE B ) A M BT E TR T . BB 4E R $240,000, XHBA LS
PRI BAFNFRR P AR R — 42 B B AN AS ] s _EBEAT A, R4S 200308 BH B A IR 1o
WBMEZ: MRKARZREL, MARS R &AL 0 B BN R, T8 T M AR A
HEEHFEERE, T2 Mo BER. 7T XET)E, BMmER T — A, 8 3k
WM B T B A ar L AR T LA 2 B TE RS A I

By

mars_rates.pl (4 CULFFsR) &3l “earth” AR FAS, B{LL Prolog Wi 4a 5 WIS, FfA:
BN . BT A A4 e M, Rl (B & X RIS B BB ) %R B2k
Bi, FFEOEE X B2 e EE T E. SeEsdaiul (SR mREs/ MR RWER),
GREFASMEBLIZUEENBR: &M REGEEE M TS K, mgsEyE e, &8
HAASE B B2 ToME. LL 800 & 3,500 Iy 3 R L4 A7)

Feature: gla
Rates by range (data from 800 to 3500; nothing is reported outside it):
800 .. 1200 rate 600
1200 .. 2000 rate 1000
2000 .. 2800 rate 750
2800 .. 3500 rate 100
Fitted value at the knots (intercept and partners included):
1200 1520000
2000 2320000
2800 2920000
Comparable at 1800: contribution 600000
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Subject at 2400: contribution 1100000
Adjustment, range by range:
1800 .. 2000 200 at 1000 = 200000
2000 .. 2400 400 at 750 = 300000
Adjustment added to the comparable: 500000
Secant rate for the pair (one straight-line rate): 833.3333333333334
Check: segments sum to the adjustment.

XY S P REE . X HUE A & R A AR, HERR TR I K A B A R AE T
$600,000 11 $1,100,000 = |61 2= AR I B . 19 AU 2L AE . B aS8EE, mE
AR AR PR, A &SRR s FERE, 1,200 POy e RARE $1,520,000 B A
PR, BEOMIZAC I AR A F . R AT E SRR S RAC LA A, B $2,120,000 F1 $2,620,000,
AL S BT . Al Ty AR IC AU A E, DA i B ER A ok o

HE—ER NEA ML I FERR SRR e By 9530, DIAWE Z RIS R, B DLE
RS FNERMEA R ZRFH 69 TIIE 747500 22 TR % & B —
Mk, LR earth iy H 45 A fREMT 5, JF7E «Journal» B Prolog ¥4 Trealla. SWI-Prolog Fil
Seryer Prolog Tl T M. XTI R EZ 0, TREIF R SFBEIT AN b
FE)F & AT mars_rates.R UM AHEIL earth X R HATEP AR A, IH4 HAH R A RS, H
Hr L 2 R R I ZE ARG 1 s Prolog BRI RS BIEM 2 A, T R USRI A F
R B BEAT B RS . AT HI A 6 DU R R AR A ) & AT . /88 PDF U521
TEEE, G GNU Affero @HAFRNE (35 3 IRECE BMUAR) KA.

At 4k MARS, DL AR 4y Hofth 4% B B )

ATIR T MARS BRI ZANGE 1 I X 28 5 R AR A P AT LA B0 355 A B
WEEDE . BE A BB AR — 2 IR S B MU (RNTE 5 ST Bk Bl Lo A EAR IR B 1Y
i), Br LABARBCE CCEREAE. B TRRETR) 240, ZREBBRSA M
SERIN A . AT BE: i P S R EENMRHEA M T (AR E BEEE I A I 52 B30
AR A H A ISR X RATT NPT AR & B 75 ER R TCIE R o T AR - B30 i e Y Rl A
FTEE Bfr, LR ZE T R AL e A 50 L0, (AR AR e LA TR XN 2 8L, HLU R (BT
B HANTRLLTEE o 53 ANPIRR T I & P AEAERHE TS B N AR AR I By . HE AT R o 35—
grBe (CCWrig”) [BH, BRI AT Ik E B T BUS R SRR, Al T B R B RAR AL L
HATA B SR ibbnieiR 2 (B B Al THEAE AL B B U DU T W RERAS FUREBE ) 5 20 Bl Z [l Y
A ORFEE, X5 MARS BRIRML 5 Mg AR Z REIPESREL, ERIE e th 2 ik B L
B, FFRGRHIFF ST I BOE TR —fIn, BEE AR, I EREA S TR, SE S
GNP 77 SR IS ANT R — K AR SCHREIRR X PR T5 . X PRI EE A T
FANFERPRI AR A I8, H AR AR T R Z IR 2D 4y Bl AR T TR I
P, B RAN Bon SRR BB E Y s TR SZ BRAS R ARHE: 7 w] ARt B8 b b 2 B34 T o 6
AR E R Rl At 72, BOA IR AR A D9S8 o Kb se 8 RHIR 2 17 MARS A
AR JivERERE, LA MARS W—4L4 B4 B T —4UA8 B 800 v H B A 17 R I R AR
SEVE, MR B AT SIS RIS R o

AR ST ARG B 1] L

KRR {ARA, DUF PSS ZET ot B L RARE I - — D REX AR AE TR, (R T
BERTE A ARFRITEE CR I E): EWREESHORIRERE CGRBZERZ): LFEAFHIERE
SEMIRZEIL AR, R TRES M (A ) 0 MBANRHERUR RS AR, iR S
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%D, SRR AT B SRR (5307 3]) . MARS (L7ER 54 0 & AL
S(LRIRT LT . o4 B R BB R AL B s — > <5 RTINS L BT etk s 2 IR
VT HPIO RS BRI . AN AP A IR T FLER s BB AT T . 3 BB T 0
AR (AT 5
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Addendum: Prolog Formalization

The following machine-readable companion (mars_rates.pl) formalizes this entry in the journal’s Prolog
knowledge base. It is also published as a browsable galley alongside this article.

SPDX-License-Identifier: AGPL-3.0-or-later

Copyright (C) 2026 William Bert Craytor. Published by The Valuation Engineer
Journal (Pacific Vista Net). This program is free software: you can
redistribute it and/or modify it under the terms of the GNU Affero General
Public License as published by the Free Software Foundation, either version 3
of the License, or (at your option) any later version. It is distributed
WITHOUT ANY WARRANTY, without even the implied warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE; see the COPYING file beside it or
<https://www.gnu.org/licenses/agpl-3.0.html>.

S S S ST ST s o s

/* mars_rates.pl -- mars-rates: from a fitted MARS model to the rates, value
contributions and adjustments an appraiser reports.

A MARS model, as the R package earth prints it, is an intercept plus a sum
of terms, each a coefficient times a product of basis functions:

h(x - t) a hinge, zero for x below the knot t, rising with slope +1 above
h(t - x) a reflected hinge, zero above t, rising to the LEFT: slope -1 in x
X a linear term

h(x-t)*h(y-s) an interaction, the product of two factors

The appraiser does not report basis functions. The appraiser reports, for a
feature, the RATE the market pays per unit in each range (the slope), the
VALUE CONTRIBUTION of the quantity a property has (the level), and the
ADJUSTMENT: the amount added to a comparable's contribution to make it
equal to the subject's. This program turns the one into the other, and
checks that they agree.
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The sign rule that hand-built tables get wrong: in a range, the rate is the
sum of the coefficients of the active right hinges MINUS the sum of the
coefficients of the active reflected hinges (plus any linear term's
coefficient). A negative coefficient on h(5 - x) contributes a POSITIVE
slope below 5.

Representation. A model is
model (Intercept, Terms)
where each term is term(Coef, Factors) and each factor is

hinge(Var, Knot) h(Var - Knot)
rhinge(Var, Knot) h(Knot - Var)
linear(Var) Var

A point is a list of Var = Value pairs, e.g. [gla = 1800, lot = 6000].
Entry points:
value (+Model, +Point, -Y) the fitted value at a point

contribution(+Model, +Var, +Point, -C) the part of the value that the
terms involving Var contribute

rate(+Model, +Var, +Point, -R) slope in Var at the point (other
variables held at the point)
knots (+Model, +Var, -Knots) the sorted knots on Var

rate_table(+Model, +Var, +Point, -Rows)
rows range(Lo, Hi, Rate), Lo/Hi
numbers or the atoms minus_inf,
plus_inf; other variables fixed
at the point
rate_table(+Model, +Var, +Point, +data(Lo, Hi), -Rows)
the same table clamped to the
data range: the first row starts
at Lo, the last ends at Hi, rows
outside the data are dropped.
Rates outside the data are
extrapolation and are not
reported
knot_values (+Model, +Var, +Point, -Pairs)
Knot-Value at each knot
adjustment (+Model, +Var, +Point, +CompQ, +SubjQ, -A)
amount added to the comparable's
contribution (Var = CompQ) to
equal the subject's (Var = SubjQ)
segments (+Model, +Var, +Point, +CompQ, +SubjQ, -Segs)
the adjustment as the appraiser
explains it: seg(Lo, Hi, Rate,
Width, Amount) per range crossed
pair_rate(+Model, +Var, +Point, +CompQ, +SubjQ, -R)
the pair's secant rate: the one rate a straight line
~»would
need between the two quantities:
adjustment over width
consistent (+Model, +Var, +Point, +CompQ, +SubjQ)
the segments sum to the adjustment
parse_earth(+Atom, -Model) read earth's printed coefficient
table (see parse_earth below)
print_report(+Model, +Var, +Point, +CompQ, +SubjQ)

Plain ISO Prolog: runs under Trealla, SWI-Prolog and Scryer Prolog. No

modules, no format/2, no double-quoted strings. Consult this file, then
tests/harness.pl and tests/test_mars_rates.pl, and call run_tests. */
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/* */

/* 1. Evaluation */

/* */

point_value(Var, Point, X) :- mr_member(Var = X, Point), !.

point_value(Var, _, _) :- throw(error(missing_variable(Var), point_value/3)).
factor_value(hinge(Var, T), Point, V) :- point_value(Var, Point, X), D is X - T, V is max(0, D).
factor_value(rhinge(Var, T), Point, V) :- point_value(Var, Point, X), D is T - X, V is max(0, D).
factor_value(linear(Var), Point, V) ;- point_value(Var, Point, V).

term_value (term(Coef, Factors), Point, V) :-
factors_product(Factors, Point, P), V is Coef * P.

factors_product([1, _, 1).
factors_product([F | Fs], Point, P) :- factor_value(F, Point, V), factors_product(Fs, Point, PO), P
~— 1is V * PO.

value (model (Intercept, Terms), Point, Y) :-
terms_sum(Terms, Point, S), Y is Intercept + S.

terms_sum([], _, 0).
terms_sum([T | Ts], Point, S) :- term_value(T, Point, V), terms_sum(Ts, Point, SO), S is SO + V.

/* The contribution of a variable at a point: the terms that involve it. The
intercept and the terms in other variables are the level the feature is
measured against; an adjustment never depends on them. */

involves(term(_, Factors), Var) :- mr_member(F, Factors), factor_var(F, Var), !.
factor_var(hinge(V, _), V). factor_var(rhinge(V, _), V). factor_var(linear(V), V).

contribution(model(_, Terms), Var, Point, C) :-
findall(V, ( mr_member(T, Terms), involves(T, Var), term_value(T, Point, V) ), Vs),
mr_sum(Vs, C).

/* */
/* 2. Rates (slopes) */
/* */

/* d/dVar of a term = Coef * (slope of the factor in Var) * (product of the
other factors' values). A hinge is active strictly above its knot, a
reflected hinge strictly below; at the knot itself the slope is taken from

the right, which is the convention of the rate table below. */

factor_slope(hinge(Var, T), Var, Point, S) :- !, point_value(Var, Point, X), ( X >>T ->S =1 ; S
— =0).

factor_slope(rhinge(Var, T), Var, Point, S) :- !, point_value(Var, Point, X), ( X < T ->S =-1; S
— =0).

factor_slope(linear(Var), Var, _, 1) =,

factor_slope(_, _, _, 0).

term_slope(term(Coef, Factors), Var, Point, S) :-
term_slope_(Factors, Var, Point, [], Coef, S).

term_slope_([1, _, _, _, _, 0).
term_slope_([F | Fs], Var, Point, Seen, Coef, S) :-
( factor_var(F, Var) —>
factor_slope(F, Var, Point, S1),
mr_append(Seen, Fs, Others), factors_product(Others, Point, P),
S1 is Coef * S1 * P
;81 =0),
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term_slope_(Fs, Var, Point, [F | Seen], Coef, SO0),
S is SO + S1.

rate(model(_, Terms), Var, Point, R) :-
findall(S, ( mr_member(T, Terms), term_slope(T, Var, Point, S) ), Ss),
mr_sum(Ss, R).

/* */
/* 3. Knots, ranges and the rate table */
/* */

knots(model(_, Terms), Var, Knots) :-
findall(K, ( mr_member(term(_, Fs), Terms), mr_member(F, Fs), knot_of(F, Var, K) ), Ks),
sort(Ks, Knots).

knot_of (hinge(Var, K), Var, K).
knot_of (rhinge(Var, K), Var, K).

/* One row per range between consecutive knots, the rate measured at a point
inside the range (the midpoint, or one unit past the last knot). */

rate_table(Model, Var, Point, Rows) :-
knots (Model, Var, Knots),
bounds (Knots, Bounds),
rows (Bounds, Model, Var, Point, Rows).

bounds([], [minus_inf-plus_inf]).

bounds([K | Ks], [minus_inf-K | Rest]) :- bounds_(K, Ks, Rest).
bounds_(K, [], [K-plus_inf]).

bounds_(K, [K2 | Ks], [K-K2 | Rest]) :- bounds_(K2, Ks, Rest).

/* The table over the observed data only. A hinge's algebra runs to infinity
on one side; the sales do not. Rates beyond the smallest and largest
observed quantity are extrapolation, so the report clamps the end rows to
the data range and drops any row that lies wholly outside it. */

rate_table(Model, Var, Point, data(DLo, DHi), Rows) :-
rate_table(Model, Var, Point, RowsO0),
clamp_rows (RowsO, DLo, DHi, Rows).

clamp_rows([1, _, _, [1).

clamp_rows([range(Lo, Hi, R) | Rs], DLo, DHi, Out) :-
clamp_lo(Lo, DLo, Lol), clamp_hi(Hi, DHi, Hil),
( Lol < Hil -> Out = [range(Lol, Hil, R) | Rest] ; Out = Rest ),
clamp_rows(Rs, DLo, DHi, Rest).

clamp_lo(minus_inf, DLo, DLo) :- !.
clamp_lo(Lo, DLo, X) :- ( Lo < DLo -> X = DLo ; X = Lo ).
clamp_hi(plus_inf, DHi, DHi) :- !.

clamp_hi(Hi, DHi, X) :- ( Hi > DHi -> X

DHi ; X = Hi ).

rows([l, _, _, _, [1).

rows([Lo-Hi | Bs], Model, Var, Point, [range(Lo, Hi, R) | Rows]) :-
probe(Lo, Hi, X), set_point(Var, X, Point, P), rate(Model, Var, P, R),
rows(Bs, Model, Var, Point, Rows).

probe(minus_inf, plus_inf, 0) :- !.
probe(minus_inf, Hi, X) :- !, X is Hi - 1.
probe(Lo, plus_inf, X) :- !, X is Lo + 1.
probe(Lo, Hi, X) :- X is (Lo + Hi) / 2.
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set_point(Var, X, Point, [Var = X | Rest]) :- mr_delete_var(Point, Var, Rest).

knot_values(Model, Var, Point, Pairs) :-
knots (Model, Var, Knots),
findall(X-Y, ( mr_member (K, Knots), set_point(Var, K, Point, P), value(Model, P, Y) ), Pairs).

/* */
/* 4. Adjustments and their explanation */
/* */

adjustment (Model, Var, Point, CompQ, SubjQ, A) :-
set_point(Var, CompQ, Point, PC), set_point(Var, SubjQ, Point, PS),
value (Model, PC, YC), value(Model, PS, YS), A is YS - YC.

/* The path from the comparable's quantity to the subject's, cut at every knot
between them; each piece is a width at a rate. Going down (subject smaller
than comparable) the widths are negative, so the amounts are, and the sum
is still the adjustment as defined: added to the comparable. */

segments (Model, Var, Point, CompQ, SubjQ, Segs) :-
knots (Model, Var, Knots),
Lo is min(CompQ, SubjQ), Hi is max(CompQ, Subjq),
findall(K, ( mr_member (K, Knots), K > Lo, K < Hi ), Inner),
mr_append([Lo | Inner], [Hi], Cuts),
( SubjQ >= CompQ -> Dir = 1 ; Dir = -1 ),
pieces(Cuts, Model, Var, Point, Dir, Segs).

pieces([_1, _, _, _, _, [1) = 1.

pieces([A, B | Cs], Model, Var, Point, Dir, [seg(A, B, R, W, Amt) | Segs]) :-
probe(A, B, X), set_point(Var, X, Point, P), rate(Model, Var, P, R),
W is Dir * (B - A), Amt is R * W,
pieces([B | Cs], Model, Var, Point, Dir, Segs).

/* The pair's secant rate. Between two quantities the only single rate
consistent with the MARS contributions is the chord, adjustment over
width: the model's rates averaged by the width of each range crossed. An
ordinary regression, one rate for the feature, must serve every pair with
one number and so cannot reproduce these. Printed beside the
MARS rates it shows what a single rate would have had to be for THIS
comparable and THIS subject, and how far each range's rate departs from
it. Undefined when the two quantities are equal. */

pair_rate(Model, Var, Point, CompQ, SubjQ, R) :-
CompQ =\= SubjQq,
adjustment (Model, Var, Point, CompQ, SubjQ, A), R is A / (SubjQ - CompQ).

consistent (Model, Var, Point, CompQ, SubjQ) :-
adjustment (Model, Var, Point, CompQ, SubjQ, A),
segments(Model, Var, Point, CompQ, SubjQ, Segs),
findall (Amt, mr_member(seg(_, _, _, _, Amt), Segs), Amts), mr_sum(Amts, S),
abs(S - A) < 0.000001.

/* */
/* 5. Reading earth's printed coefficients */
/* */

/* earth prints its model as a table, one term per line, e.g.

(Intercept) 10
h(x-2) 3
h(5-x) -1.5

48



h(x-8)
h(x-2)*h(y-3)
X

= O O
N B 00

parse_earth/2 takes that table as one atom (lines separated by newline
characters) and returns the model. Whitespace is free; a coefficient is a
decimal number with an optional sign; variable names are letters, digits,
dots and underscores, as R prints them. */

parse_earth(Atom, model(Intercept, Terms)) :-
atom_chars(Atom, Chars), split_lines(Chars, Lines),
parse_lines(Lines, O, Intercept, Terms).

split_lines(Chars, Lines) :- split_lines_(Chars, [], Lines).

split_lines_([], Acc, [Line]l) :- mr_reverse(Acc, Line).

split_lines_(['\n' | Cs], Acc, [Line | Lines]) :- !, mr_reverse(Acc, Line), split_lines_(Cs, [],
— Lines).

split_lines_([C | Cs], Acc, Lines) :- split_lines_(Cs, [C | Acc], Lines).

parse_lines([], I, I, [1).
parse_lines([L | Ls], IO, I, Terms) :-
strip(L, S),
( S == [] -> parse_lines(Ls, I0, I, Terms)
; split_ws(S, Name, CoefChars), number_chars_safe(CoefChars, Coef),
(Name= [I(l, II', |n|’ ltl’ lel’ II.I’ ICI, |e|’ lpl, Itl, |)|] ->
parse_lines(Ls, Coef, I, Terms)
; parse_factors(Name, Factors),
Terms = [term(Coef, Factors) | Rest], parse_lines(Ls, IO, I, Rest) ) ).

strip(L, S) :- drop_ws(L, L1), mr_reverse(Ll, R1), drop_ws(R1l, R2), mr_reverse(R2, S).
drop_ws([C | Cs], S) :- ws(C), !, drop_ws(Cs, S).

drop_ws(S, S).

ws('" "), ws(C'\t'). ws('\r").

/* the coefficient is the LAST whitespace-separated token; the name is what
p P
precedes it and may itself contain spaces (earth prints h(x- -3) for a

negative knot) */
split_ws(S, Name, Coef) :-
mr_reverse(S, R), split_ws_(R, [], Coef, NameR), % consuming the reversed line puts the

< coefficient back in order

mr_reverse(NameR, Name0O), strip(NameO, Name).
split_ws_([C | Cs], Acc, Coef, Rest) :- ws(C), !, Coef = Acc, Rest = Cs.
split_ws_([C | Cs], Acc, Coef, Rest) :- split_ws_(Cs, [C | Acc], Coef, Rest).
split_ws_([], Acc, Acc, [1).

number_chars_safe(Chars, N) :-

catch(number_chars(N, Chars), _, fail), !.

number_chars_safe(Chars, N) :- % "-.5" and ".5", which earth can print
( Chars = ['-', '.'" | R] -> number_chars(N, ['-', 'O', '.' | R])
; Chars = ['.' | R] -> number_chars(N, ['0O', '.' | R]) ).

/* factors are separated by '*x' */
parse_factors(Chars, [F | Fs]) :-
split_star(Chars, First, Rest), parse_factor(First, F),

( Rest == [1 -> Fs = [1 ; parse_factors(Rest, Fs) ).
split_star(Chars, First, Rest) :- split_star_(Chars, [], First, Rest).
split_star_(['*' | Cs], Acc, First, Cs) :- !, mr_reverse(Acc, First).
split_star_([C | Cs], Acc, First, Rest) :- split_star_(Cs, [C | Acc], First, Rest).
split_star_([], Acc, First, []) :- mr_reverse(Acc, First).
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/* h(x-2) / h(2-x) / x -- inside the parentheses, the side that is a number

is the knot and the other side the variable */
parse_factor(['h', '(' | Cs], F) :- 1!,
mr_reverse(Cs, [')' | RevInner]), mr_reverse(RevInner, Inner),

split_minus(Inner, Left, Right),

( number_chars_safe(Right, K) -> atom_chars(Var, Left), F = hinge(Var, K)

; number_chars_safe(Left, K) -> atom_chars(Var, Right), F = rhinge(Var, K) ).
parse_factor(Cs, linear(Var)) :- atom_chars(Var, Cs).

/* the minus that separates the two sides is the last one not at position O

and not following an 'e' (so "x-2", "5-x", "gla-1500" and "h(x- -3)" all

read); a leading '-' belongs to a negative knot */
split_minus(Chars, Left, Right) :-

mr_length(Chars, N), N1 is N - 1,

minus_positions(Chars, O, Ps), mr_member(P, Ps), P > 0, P < N1,

mr_take(P, Chars, Left0), strip(LeftO, Left),

P2 is P + 1, mr_drop(P2, Chars, Right0O), strip(RightO, Right),

Left \== [], Right \== [], !.

minus_positions([]l, _, [1).

minus_positions(['-' | Cs], I, [T | Ps]) :- !, I1 is I + 1, minus_positions(Cs, Il1, Ps).
minus_positions([_ | Cs], I, Ps) :- I1 is I + 1, minus_positions(Cs, I1, Ps).

/* */

/* 6. A report x/

/* */

print_report(Model, Var, Point, CompQ, SubjQ) :-
write('Feature: '), write(Var), nl,
write('Rates by range:'), nl,
rate_table(Model, Var, Point, Rows),
print_report_(Model, Var, Point, CompQ, SubjQ, Rows).

/* The same report over the observed data: print_report/6 takes data(Lo, Hi),
the smallest and largest observed quantity of Var, and reports no rate
outside it. */

print_report(Model, Var, Point, data(DLo, DHi), CompQ, SubjQ) :-
write('Feature: '), write(Var), nl,
write('Rates by range (data from '), write(DLo), write(' to '), write(DHi), write('; nothing is
<~ reported outside it):'), nl,
rate_table(Model, Var, Point, data(DLo, DHi), Rows),
print_report_(Model, Var, Point, CompQ, SubjQ, Rows).

print_report_(Model, Var, Point, CompQ, SubjQ, Rows) :-

( mr_member(range(Lo, Hi, R), Rows), write(' '), write(Lo), write(' .. '), write(Hi), write('
<~ rate '), write(R), nl, fail ; true ),

write('Fitted value at the knots (intercept and partners included):'), nl,

knot_values(Model, Var, Point, KVs),

( mr_member (K-Y, KVs), write(' '), write(K), write(' "), write(Y), nl, fail ; true ),
set_point(Var, CompQ, Point, PC), set_point(Var, SubjQ, Point, PS),

contribution(Model, Var, PC, CC), contribution(Model, Var, PS, CS),

write('Comparable at '), write(CompQ), write(': contribution '), write(CC), nl,

write('Subject at '), write(SubjQ), write(': contribution '), write(CS), nl,
segments(Model, Var, Point, CompQ, SubjQ, Segs),

write('Adjustment, range by range:'), nl,

( mr_member(seg(A, B, R2, W, Amt), Segs), write(' '), write(A), write(' .. '), write(B), write
— (" "), write(W), write(' at '), write(R2), write(' = '), write(Amt), nl, fail ; true ),
adjustment (Model, Var, Point, CompQ, SubjQ, Adj),

write('Adjustment added to the comparable: '), write(Adj), nl,

( pair_rate(Model, Var, Point, CompQ, SubjQ, OR) ->
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write('Secant rate for the pair (one straight-line rate):

'), write(OR), nl ; true ),

( consistent(Model, Var, Point, CompQ, SubjQ) -> write('Check: segments sum to the adjustment

<».') ; write('CHECK FAILED') ), nl.

/*

/* 7. List helpers (own names; no library assumed)

*/
*/

/*

mr_member (X, [X | _1).
mr_member(X, [_ | T]) :- mr_member (X, T).
mr_append([], L, L).
mr_append([H | T], L, [H | R]) :- mr_append(T, L, R).
mr_reverse(L, R) :- mr_reverse_(L, [], R).
mr_reverse_([], R, R).
mr_reverse_([H | T], A, R) :- mr_reverse_(T, [H | A]l, R).
mr_sum([], 0).
mr_sum([X | Xs], S) :- mr_sum(Xs, SO), S is SO + X.
mr_length([]l, 0).
mr_length([_ | T], N) :- mr_length(T, NO), N is NO + 1.
mr_take(0, _, [1) :- !.
mr_take(N, [H | T], [H | R])

mr_drop(0, L, L) :- !.

mr_drop(N, [_ | T], R) :- N1 is N - 1, mr_drop(N1, T, R).

mr_delete_var([1, _, [1).
mr_delete_var([V = _ | T], V, R) :- !, mr_delete_var(T, V, R).
mr_delete _var([H | T], V, [H | R]) :- mr_delete_var(T, V, R).
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:= N1 is N - 1, mr_take(N1, T, R).

*/



