


kd

dP.IAX —* 8
d2MAX —* 15
vcMAX —* 256
Codemacros: ...eqn
Lf e RO:d x flV?flaX X ~f ,Old, coefficientsfor blending
LqeZ~~”’~ >‘~ ~f ,Old, indicesof datapoints influencingeachvertex
Typemacros:dl’,IAX(dl’vIAX,8),d2MAX(d2MAX,15),vcMAX(vcMAX,256), ...eqn
ae Z’”’~ , Old(ncmax), cut coordinate(0 for leaf)
Ce Z ~ ,Old(vc,ncmax), pointersto cell vertices
cdegeZd,Old(dMAX)
deZ, numberof dimensions
ddeZ, only variables1 :dd enterdistancecalculation
disteR~ ,Old
ne~ ,Old

fceii e Z, cell countstoppingtolerance
fdiam eR, cell diameterstoppingtolerance
hie ZnCaD ,Old(ncmax), right subcellor point
kerneleZ, which kind of weight function
be Z’~” ,Old(ncmax), left subcellor point
ne Z, numberof points

flceiiCZ, numberofcells
fl vert eZ, numberofvertices
ncmax,nfeZ
nvmaxeZ, allocatedsizeof v
i~e Z” ,Permutation,Old, with lo, hi lists points in cells
plot: Plot

weZ~ ,Permutation,Old, workspacefor sortingdistances
rweR~ ,Old, user-specifiedweights
setLf: Logical, shouldLq, Lf be filled in?
tdegeZ, total degree
trLeR, traceL
yeRe”’ xd ,Old(nvmax,d), vertices
vceZ,

2d =numberofverticespercell
vhiteZn”” ,Old(nvmax)
xe RM X d ,Old, locationsof input data

e R’~ ,Old(ncmax), cut value
yeR

M,Old

/u3/ehg/a/loess/kd. h

FriMar 1612:45:161990



iv

INFO—>1
D-*2

N-*3
VC—*4
NC-*5
NV —* 6
A1—*7
C1—*8
HI1 —* 9

LO1 —* 10
V1 —*11
~1 —* 12
VV1 —* 13
NVMAX —* 14
WORK1 -+ 15
WORK2 -~ 16
NCMAX —> 17
WORK3 -* 18
NF-*19
KERNEL —~ 20
KIND —* 21
fI1—*22
VH—*23
VV2 —~ 24
DIAGL —* 25

WORK4 -~ 26
‘P1 —* 27
SEQ -* 28
DIM —* 29
SING —* 30
PRINT —* 31
DEG-*32
NDIST —* 33
CDEG -* 41
F-*1
FCELL -* 2
FDIAM —* 3
RCOND -* 4
Codemacros: ...eqn
Typemacros:INFO(INFO, 1) ,D(D,2) ,N(N,3),VC(VC,4),NC(NC,5),NV(NV,6),A 1 (Al ,7) ,C1(C1,8) ,HI1(HI1

V1(V1,11),XI1(~1,12),VV1(VV1,13),NVMAX(NVMAX,14),WORK1(WORK1,15),WORK2(WORK2,16),N
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KIND (KIND ,21) ,PI1(fl1 ,22),VH( VH,23),VV2(VV2,24) ,DIAGL(DIAGL,25) ,WORK4(WORK4,26) ,PSI1Q’J

PRINT(PRINT,31) ,DEG(DEG,32) ,NDIST(NDIST,33) ,CDEG(CDEG,41) ,F(F, 1) ,FCELL(FCELL,2) ,FDIA

/u3/ehg/a/loess/iv. h
Thu Jan25 16:17:56 1990



routines

Assert(%?,%ma,%i,%mi)—* bold if (!%ma,ehgl82(%mi))
Codemacros:myAssert(Assert(%?, %ma,%i,%mi), bold if
(!%ma,ehgl82(%mi))), ...eqn
Typemacros: ...eqn
bbox~ehg126
cpvert~ehg12 5

descend~ehg138
eva1~ehg12 8
12fit~ehg13 6

12tr~ehg13 9

rbui1d~ehg12 4

spread~ehg12 9
v1eaf~ehg13 7

/u3/ehg/a/loess/routines h

FriMar 916:34:12 1990



ehgl26

bbox(d,n,vc,x,v,nvmax)

fill in verticesfor boundingbox of x
lower left, upperright
for l=k=d

a :=

for 1=i=n
t := Xi,k

a := Min(a,r)
Max(~,t)

expandthebox a little
p. := 0.OO5Max(P—a,1.e—lOMax(IaI,1131)+1.e—30)

P += ~

Vlk : a

V~c,k :

remainingvertices
for 2=i=vc—1

j := i—i
for 1=k=d

V5,k :=

j := Floor(j/2)

aj3eR
ie Z
jeN

keZ

Include: kd

/u3/ehg/a/loess/bbox. g
WedAug 312:52:15 1988



ehgl2S

cpvert(p,nverg,v,vhit,nvmax,d,k,t,r,s,

f,l,u)
h := avert

for 1=i=r

for 1~j~s
h += 1
Vh,: :

Vhk : t

checkfor redundantvertex
match = False
m := 1
while !match and m=nvert

match := Vm,1 = Vh,1

mm := 2
while match andmm=d

match := Vm,n,jn = Vh,mm

mm += 1
m += 1

m —= 1
if match

h —= 1

else
m := h

if vhit1=0
Vhltm := p

‘i,O,j : =

m
Ui,O,j := m

avert := h
Assert(nvert=nvmax,180)

fe zr x 0:1 xs ,Old, vertex indicesof father
he Z, highestvertex indexcreatedso far
i,jeZ

keZ, cutaxis
Ic Zrxo:l xs,Old, vertexindicesofleft son
meZ

match: Logical
mmeZ
peZ, indexoffathercell
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r,se Z
teR, cut
ue Zrxo:l xs,Old, vertexindicesof right son
Include: kd routines

/u3/ehg/alloess/cpvert g
Thu Sep 15 22:59:57 1988



ehgl38

I := descend(i,z,a,~,lo,hi,ncmax)

descendtreeuntil leafor ambiguous

j := i
while a~!=Oand Za.!=~j

if Za<tj

j := lo~

else
j := hi~

ft

aeZ ~‘ ,In,Old(ncmax), cut coordinate(0 for leaf)
deZ, numberof dimensions
hie Z”’ ,In,Old(ncmax), right subcellorpoint
ie Z,In

iE Z
be Z”’ ,In,Old(ncmax), left subcellor point
teR~,In,Old(ncmax), cutvalue
ze Rd,Old(?~MAX),In

Include: kd

/u3/ehg/a/loess/descend g

Fri Aug14 09:20:31 1987



ehgl 0 6(il ,ir,k,nk,p,7t,n)

find the k-th smallestof n elements
Floyd+Rivest,CACM Mar ‘75, Algorithm 489

ii
r :=

while r>l

to avoidrecursion,sophisticatedpartitiondeleted
partitionXI..r about t

t :=

j :=

Swap(l,k)

if p1,~>t
Swap(l,r)

while i<j
Swap(i,j)

+= 1
I —= 1
while p1,,7~<t

+= 1
while

I —= 1
if P1,; = t

Swap(l,j)
else

I += 1
Swap(r,j)

if j=k
I := j+1

if k=j
r := j—1

Swap(%?,%ma,%?,%mb)—~ {ii := 7rqv~~ := lr%mb,lr%mb :=

i,il,ir,je Z
keZ, selectk-th element
l,n,nkeZ
peRnkxn,Old

~te Z~,Old
re Z

teR

/u3/ehg/a/loess/ehglO6 g



ehgl2 7(q,n,d,nf,f,x,iy,y,rw,kernel,
k,dist,i,X,od,w,rcond,sing,~,U,
V,y,qraux,work,tol,dd,tdeg,cdeg,s)

sort by distance

dist := 0
for 1=j=dd

dist += (x:,jqj)2
PartialSort(1,n,nf,dist,’qi)
p := dist~;Max(1.,f)

Assert(p >0,120)
computeneighborhoodweights
if kernel = 2

for 1=i=nf

else
w := distyp

w := rwNC(1—w3)3
Assert(II w11

0>0,121)
fill designmatrix
column := 1
X:,coiu,,,ji := W

if tdeg=1

for 1=j=d
if cdeg3=1

column += 1
X:,colUA,Jl :=

if tdeg=2
for 1=j=d

if cdeg~=1
if cdeg~=2

column += 1
X:,coiiunji :=

for j+1=jy=d

if cdeg~~=l

column += 1

k := colwnn
w.y’II

equilibrate columns
for 1=j=k

scal := II x:,j112
X:,j 1= scal
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colnorm3 : = scal
singularvaluedecomposition
sqrdc(X,nf,nf,k,qraux,jpvt,work,0)
sqrsl(X,nf,nf,k,qraux,rj,work,rI ,r~ ,work,

work,1000, info

)
U := 0
for 1=i=k

for i=j=k

1,3 1,3

ssvdc(U,d2MAX,k,k,X,E,U,d2MAX,V,d2MAX,
work,21,info

)
Assert(info = 0,182)
tol := X1(100Cmach)
rcond min= Xk/Xl

if Xk=tOl

sing += 1
if sing = 1

ehgl84(”Waming. pseudoinverse used at”,q,d, 1)

ehgl84(”neighborhood radius”,l~, 1 , 1)
ehgl84Q’reciprocal condition number “, rcond, 1,1)

elseif sing = 2

ehgl84(”There are other near singularities aswell.”,p,1,1)
compensate for equilibration

for 1=j=k
Vj,: 1= colnorm~

solve least squares problem

for 1=j=k
<U:j JI

>

if(X1>tol, X ,else,0.)

for 0=j=od
<Vj+i,: ,Y>

Ee Rd2M~~,Old, workspace for svd
Xe Rk,Old(d2MAX),Out
UeRkx k Old(d2MAXd2MAX),Out, uppertriangularfactor
Ve Rkxk,Old(d2MAX,d2MAX),Out
XeRnfxk,Old
colnormeRl:k,Old(1:d2MAX)

columneZ
disteR~,O1d

e ~ ,Old
feR,In
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ye Rk,Old(d2MAX),Out, X~ uTQTwy
i,info,j,jj,jpvte Z
keZ, dimensionof fit 1=const, d+1=linear, (d+2)(d+1)/2=quadratic
nfeZ, numberof “near” neighbors
odeZ, 0 meanscallerwantsvaluesonly
qeRd,Old(d), querypoint
qrauxeRd2M~,Old,Out
rcondeR,In,Out, reciprocalconditionnumber
peR
seRo:~,Old, smoothedvalues
scaleR
singeZ,In,Out, singularitycount
toleR,Out
we ~ ,Old, workspace for regression weights
workeRd2M~,Old,Out
yeRM,Old
Include: kd routines un

/u3/ehg/a/loess/ehgl27 g

Thu Jul12 09:22:32 1990



ehgl 3 1(x,y,rw,trL,diagL,kernel,k,n,d,n~~11,
flCflW~X,VC,flyerg ,nvmax,nf,f,a,c,hi,lo,

f~j~~,w,vvat2,rCOfld,Sing,dd,tdeg,Cdeg,Lq,Lf,
setLf)

Assert(d=dftlAX,101)
build k-d tree
bbox(d,n,vc,x,v,nvmax)
nvert := vc

1
for 1=j=vc

j

vhit1 := 0
8 V~,c,l:dd Vl,l:dd

fdiam *= 118112
it := Identity
rbuild(1 ,n,d,n,nvert,ncell,ncmax,vc,x,ir,

a ,~, lo,hi,c,v,vhit,nvmax,ntol,fd~~,
dd

)
smooth
if trL!=0

vval2 := 0
vval := l2tr(v,nvmax,nyer1,n,d,nf,f,x,it,iy,

y,rw,trL,kernel,k,dist,dist,r~,X,d,
w,diagL, vval2, ncell’ vc,a,~, lo ,hi ,c,
vhit,rcond,sing, dd,tdeg,cdeg,Lq,Lf,setLf

)

XeR,Old
bbox~ehg12 6

SeRd,Old(dMAX)
diagLeR”,Old

disteR~ ,Old
feR,In
j,keZ

nfE Z, number of “near” neighbors
ntoleZ
rbuild~ehg12 4
rcondeR,Out, reciprocalconditionnumber
singeZ,In,Out

OdxnvvaleR w~,Old(0:d,nvmax), smoothed values at vertices

vval2eRO:d x ,Old(Q~~~,nvmax)
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w~ R”~ ,Old, workspaceforl2flt
yeR~, observations ,Old
Include: kd routines approx un

/u3/ehg/a/loess/ehgl3l g

Sat Mar 17 10:33:58 1990



ehg133(n,d,vc,nvmax,nce~i,ncmax,a,c,hi,lo,

for 1=i=m
zi.
eval(5,d,ncmax,vc,a,t,lo,hi,c,v,

nvmax,vval
)

6eRd,Old(dMAX)
i,me Z
seRm,Old
vvaleROd~~ ,Old(0:d,nvmax), smoothed values at vertices

zeRmxd,Old
Include: kd routines approx un

/fs/pyxis6/ehg/a/loess/ehgl33 g

Wed May 29 14:00:58 1991



ehgl4 0(iw,i,j)

iw, := j

ieZ
iwe Z¾Old,In,Out
jeZ

/u3/ehg/a/loess/ehgl4O g

WedAugl2 14:10:08 1987



ehgl 6 9(d,VC,fl celi ,flCflWX,flvert,flVmaX,V,a,~,C,
hi,lo)

asin bbox
remainingvertices
for 2=i=vc—1

j := i—i
for 1=k=d

Vj,k : Vl+(jmod2).(VC1),k

j := Floor(j/2)

as in ehgl3l
mcell : 1
invert := vc
novhit1 := —1
for 1=j=vc

~ :=

...asinrbuild
p := 1
while p=ncell

if a~!=0
k :=

left son
~ + 1
lo~ :=m cell

right son
~ += 1
hi~ := mcell

cpvert(p,m~~~,v,novhit,nvmax,d,k,~p,2kl2d—k

)
p += 1

Assert(m~~ui = nceii,l
93)

Assert(mvert = nvert,l93)

i,j,ke Z
mcelle Z, local version of n cell

inverte Z, local versionof n yen

novhiteZ’ ,Old, dummy
peZ, cellindex
Include: kd routines

/u3/ehg/a/loess/ehgl69 g

Thu Sep 1523:04:061988



ehgl 7 O(k,d,VC,flvert,flVflWX,fl cell ,flC1flO~X,a,C,hi,

lo,v,vvalj)

Out(” real functionloeval(z)”)
Out(” realz(*)”)
Out(” integerd,vc,nv,nc”)
Out(” integera(”,~ c(”, vc,”,”, n cell

Out(” integerhi(”,n ccli ,“), lo(”, ncell

Out(” realv(”,n vert

Out(” realvval(0:”,d ,“,“, n
Out(” realxi(”,n ccli

Out(” realehgl28”)
()ut(” datad,vc,nv,nc/“,d,”,”, vc,” ,“ ,nvert,”,” , ncell

for l~i~n cell

Out(” data a(”,i ,“) /“,a
if a~!=0

i ,II/II

)
for 1=j=vc

Out(” data c(”,j,”,”,i,”) /“,c3, ,“/“)

for l=i=nvert

Out(” data vval(0,”,i,”) /“,vvalo~,”/”)
for 1=j=d

Out(” datavval(”,j,”,”, i , “)/“,vval~
Out(” loeval=ehgl28(z,d,nc,vc,a,xi,lo,hi,c,v,nv,vval)”)
Out(” end”)

i,jeZ

vvaleRO:dxft1~?I~u,Old
Include: kd

/u3/ehg/a/loess/ehgl7O g

Thu Sep 1508:59:07 1988



ehgl 91(m,z,L ,d,n,nf,nvert,nclflaX,vc,a,
t,lo,hi,c,v,nvmo~x,vvat2,Lf,Lq)

for 1=j=n

vvat2 := 0
for l=i=nvert

linear searchfor i in Lq
141 := Lq,1

I
p := nf

while Lq1,~!=1
p —= 1

Lq~1 := 141
if Lq~~ = I

vvat
2:,i Lf:,i,p

for 1=i=m

Zi Zi,:

eva1(zi,d,ncmax,vc,a,~,lo,hi,c,v,

nvmax,vvat2
)

Le Rrnxft,Old

141,i,j,m,peZ
vval2eROdXft~~~~,Old(0:d,nvmax)
zeRmxd,Old

zieRVd,Old(~tiMAX)
Include: kd routines
/u3/ehg/a/loess/ehgl9l g

WedApr 4 23:41:24 1990



ehgl 92(y,d,n,nf ,~vert ,nvmax,vval,Lf,Lq)

vval := 0
for l=i=nvert

for 1=j=nf
vval:,i + = y~.. Lf:,i,j

i,jeZ
vvaleROdXftwFI, Old(0:d,nvmax)
Include: kd routines

/u3/ehg/a/loess/ehgl92 g

TueApr 321:31:35 1990



ehgl28

s := eval(z,d,ncmax,vc,a,t,lo,hi,c,v,

nvmax,vval)
locateenclosingcell

nt := 1
1

I := 1
while a~!=O

++ nt

if(za.<tj,loj,else,hij)

Assert(nt<20,181)
tnt

tensor
g : vval:,c.,

Ig := vc
11 :=

ur := cvc,j

for d=i=1
Zi—vll’i

h
Vur,i Vll,~

if h<—.001
ehgl84(”eval“,z,d,1)
ehgl84(”lowerlimit “,V ii,: , d,nvmax)

elseif h>1.001
ehgl84(”eval“,z,d,1)
ehgl84(”upperlimit“,v,

41., ,d,nvmax)
Assert(—.001=hand h=1.001,122)

lg := Floor(lg/2)
for 1=ig=lg

Hennitebasis
(1 h)

2(1+2h)
h2(3—2h)

h2(h—1)

4~Ogo,ag+4dg
0 ig+lg +(~IOg,jg +~I1 gi,ig+ig)(vw,i—vii,i)

for 1=ii=i—1
gji,ig := 4Ogiiig+d?lgiiig+lg

s :=
blending
if d = 2

North
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vl :=

gO := vval

gl := vval:,c44

in := nt—i
until (in = 0 or (at = 2 and ~, =

--in

if m=1
in := hi1

while am!=0

if Za

lo m

else
m=hi m

if Vc11,,,1>VO

vO:=vc1 ,i

gO := vval:ci

if Vc2l<Vl

vl Vc 1
2.m’

gl := vval:,c2,,,,
_ z1-vO

h vi— vO
Hennitebasis

(1—h)
2 (1+2h)

:— h2 .(3—2.h)
~pO:=

:— h2 (h—1)

gN := ~OgOo+~1g1o+(~p0gO
1 +~IPg1i>(vl—vO)

gpN := ~O.gO2+41g12
South

vO :=

vl := v~i

gO := vval

gl := vval

V11’2

in := nt—i
until (in = 0 or (a1 = 2 and ~ =

--in

if m=1
in := lo~

while am!=0

if Za<~m
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in lOin

else
in : hi~

if Vc3.1>VO

VO:=vc,,1

gO := vval:,c3.,

if Vcl<Vl

vi Vc4 ,1

gl := vval:,c4~,

h vl —vO

Hennitebasis

(1—h)
2 (1+2h)

:— h2 .(3—2h)
~p0:=

:— h2 (h—1)

gpS := 1)0g0
2+41g12

East

vl := Vw.2

gO := vval

gi := vval:,c4,

Va4r,1

in := nt—i
until (in = 0 or (a1 = 1 and ~ =

--in

if m=1
in := hi1

while a~!=0

if Za<~m

in :=

else
in := h~m

if v

vO:=v~ 2

gO := vval:,c1~,

if V c31,,2 <vl
vi : Vc33,2

gl := vval:,c3~,
z2-vO

h vl — vO
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Hennitebasis
4)0 := (1—h)2(1+2h)

h2(3—2h)
~pO:=

Md := h2(h—1)
gE := Og0o+1)ig1o+(~0gO2+~IPg12>(v1—vO)
gpE := ~0gO

1+4dg11
West

vO :=

vi :=

gO := vval:,c1,

gl := vval:,c3,

V11,1

in := nt—i
until (in = 0 or (a~ = 1 and ~ =

--in

if m=1
in := lo~

while am!=0
if Za<tm

in : lOin

else
in : hi~

if vc2,,2

vO : Vc22

gO := vval:.c2,,

if Vc4m,2<Vl

vi : Vc4,,2

gi := vval:,c,,,,
z2-vO

h vi— vO
Hennitebasis

(1—h)
2.(1+2’h)

h2(3—2h)
~pO:=

:— h2 (h—i)
gW := 40.gO

0+4d.g10+(~/0gO2+~IPg12)(vi—v0)

gpW := ~0gO1+1)ig11
NS

Z2 —V 11,2
h

Vigr2 V11,2

Hennitebasis
(1)0 := (1—h)

2 (1+2h)
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(1d := h2(3—2h)

h2’(h—1)
5NS := OgS+~1gN+(gpS+~I1gpN)(V~,~—Vll,2)

EW
Z

1 —Vj~,~
h

V~,1 —Vjj,1

Hennitebasis
4)0 := (1—h)

2(1+2h)
(11 := h2(3—2h)

‘Vi :— h2 (h—1)

sEw := ~OgW+~l’gE+(i0gpW+1IPgpE)(V~,i —V
11,1)

s := (SNS+SEW)—5

geRO:d X vc ,Old(0:dMAX,VcMAX), ... VVal workspace
g0e ROd,Old(0:dMAX)
gle RO:d,Old(0:dMAX)
gE,gN,gS,gW,gpE,gpN,gpS,gpW,heR
i,ig,iie Z
je Z, ... enclosingcell
lgeN, ... activelengthofg
lle Z, ... lower left vertex
meZ, ... goingup: depthin stack;going down: cell
nteZ, ... topofcellstack
phi0,phi1 ,psi0,psii ,s,s~,‘

5Ns eR
te z2%old, ... stackofcell from root to leaf
ureZ, ... upperright vertex
VO,ViE R
VValeRO:dxftvP?~,Old, ... vertexvalues
~eR, ... cut-valuefonning cell side
zeRd,Old
Include: kd routines
/u3/ehg/a/loess/eval g

Thu Jan25 16:27:38 1990



ehgl36

s : = l2fit(u,lm,m,n,d,nf,f,x,W,y,
rw,kernel,k,dist,rj ,X,od,L,ihat,w,
rcond,sing,dd,tdeg, cdeg)

Assert(k=nf— 1,104)
Assert(k~d2MAX,105)

Identity
for 1=l=m

q := u1.
ehg127(q,n,d,nf,f,x,~,y,rw,kernel,

k,dist,T1,X,od,w,rcond,sing,X , U,

V,y,qraux,work,tol,dd,tdeg,cdeg,s :,l

)
if ihat = 1 ...Li,iVi,:X~U

T(QTWei)

Assert(m = n,123)

find isuch that
1

while l!=~,

+= 1
Assert(i <nf, 123)

0

m :=

TIQTWe
sqrsl(X,nf,nf,k,qraux,TI~TI~TI,fl ,r~,

TI, 1000, info

)
T

...yU TI1:k

Y := 0
for 1=j=k

Y + TIyUj.:

for 1=j=k

if X~>tol
yj 1=

else
0.

<Vi,: ‘Y>

elseif ihat = 2 ...L
1:V1:X~(U

TQT)W

L
1. :=0

for 1=j=k

TI := 0
TI1:k := U:,j
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sqrsl(X,nf,nf,k,qraux,TI,TI,work,work,work,
work, 10000,info

)
if X~>tol

scale := 1. /X3
else

scale := 0.
TI ‘= scalew
for 1=i=nf

+=

Le R
tm X ~,Old,Out, ... if hat=1, dimension n by 1

Xe Rk,Old(d2MAX)
UeRkxkOld(d2M

44Xd2M14X~) ... upper triangular factor

Ve Rk x kOld(d2M~d2M,~)

Xe ~ x kOld
disteR~,OId
TIC R~’ ,Old
fe R,In

Te Rk,Old(d2MAX), ... X~UTQTwy
ic Z
ihate Z,In

info,]e Z
ke Z, .,. dimension of fit 1=const, d+1=linear, (d+2)(d+1)12=quadratic

l,lm,meZ
nfe Z, ... number of “near” neighbors
odeZ, ... 0 meanscaller wants values only
qeRd,Old(dMAX), ... u(l,:)

qrauxeRd2M~~~,Old
rcondeR,In,Out, ... reciprocal condition number
seR

0~X mOld ... smoothed values
scaleeR
singeZ,In,Out, ... singularity count

toteR

ueRmxd,Old(lm,d), ... querypoints

weR~’ ,Old, ... workspace for regression weights

workeRd2M~,Old
yeR~,Old
Include: kd routines un

/fs/pyxis6/ehg/a/loess/l2fit .g
Wed May 29 14:30:59 1991



ehgl39

s := l2tr(v,nvmax,nvert,n,d,nf,f,x,7t,NJ,
y ,rw,trL ,kernel,k,dist,4,Tj ,X,od,
w,diagL, vvat2, nemax,vc,a, ~, lo ,hi,c,
vhit,rcond, sing,dd,tdeg, cdeg,Lq,Lf,setLf)

l2flt with trace(L)
Assert(k=nf—1,104)
Assert(k~d2MAX,105)
if trL!=0

diagL := 0
vval2 := 0

NI := Identity
for l=l=nvert

q := VI,:

ehgl27(q,n,d,nf,f,x,’ty,y,rw,kernel,
k,dist,~,X,od,w,rcond,sing,X,U,
V,y,qraux,work, tol ,dd, tdeg, cdeg,s :1

)
if trL!=0

...mvertNl
(1 := 0
for 1=i=nf

i
z := VI,:

vleaf(z,Vhitg,leaf,nleaf,d,nvert ,nVinax,ncinax,Vc,a,
~, lO,hi,c, V

)
for 1 =ileaf=nleaf

for lo1~f~,=~~<h~leafa
1

i :=

if i!=0
Assert(NI, = it~~,194)

TI := 0
TI1 :=

TI=QTWei
sqrsl(X,nf,nf,k,qraux,rj,work,TI~TI,work,

work,1000, info

)
for l=j=k

if(X1>tol,



-2-

for 1=j=d+1

z :=

term := eval(z,d,ncmax,Vc,a,~,lO,hi,c,V,
nVinax,VVat2

)
diagL,~3 += term

VVaI2:,l := 0
if setLf ... like l2fit; Lf :,l,:=Vgma +U T TW

Assert(k=d+1,19~)

Lf:,l,: : = 0
for 1=j=k

TI := 0
TI1:k := U:,j
sqrsl(X,nf,nf,k,qraux,TI ~TI,work,work,work,

work,10000,info
)
if X,>tol

scale :=
else

scale := 0.
TI ‘= scalew
for 1=i=nf

Lf:,l,i + V1:d+1,fTIi
if trL!=0

trL := Sum(diagL)

XE Rk,Old(d2MAX)
Ue Rk X k ,Old(d2MAX,d2MAX), ... uppertriangularfactor
VeRkX k , Old(d2MAX,d2MAX)
XeRftfxk,Old
diagLeR~,Old
disteR~,Old, ... mayoverlay(1

TIE ~ ,Old
feR,In

yeRk,Old(d2MAX), ... X+UTQTWy
i,ii,ileaf,info,j,k,le Z
leafe Zv~~,Old
nyertE Z, ... numberof vertices
nfE Z, ... numberof “near” neighbors
nleafeZ
nvinaxeZ, ... allocatedsize ofv



-3-

odeZ, ... 0 meanscallerwantsvaluesonly
(1e Z~ ,Perinutation,Old, ... mayoverlaydist
qeRd,Old(dMAX),In, ... querypoint
qrauxeRd2M~,Old
rcondER,In,Out, ... reciprocalconditionnumber
se RO~xn~~,,Old, ... smoothedvalues
scalee R
singEZ,In,Out
terme R, ... contributionto diagL
tolER

Odxn

we ~ ,Old, ... workspacefor regressionweights
workE Rd2M~,Old
yERM,Old
zeRd,Old(dMAX),dTIIAX

Include: kd un routines

/u3/ehg/a/loess/l2tr . g

Sat Mar17 13:45:23 1990



lofort(iunit,iv, liv,lv,wv)

)

iunite Z,In, ... Fortranunit numberfor generatedFortran
iVEZ,Old
wveR,Old
Include: kd routines iv approx un
/u3/ehg/a/loess/lofort . g

Sun Jun12 10:39:27 1988



Ioread(iunit,d,vc,nc,nv,iv, liv, lv,v)

LVSEQ := 173
ZVD : d

LVVC := Vc

LVNVMA( : = nV

iVNCMAK := nc

lVA1 .= 50
iVC1 := iVA1+nc

1V1111 iVci+Vcnc

IVLOI .= iVjjii+?W

bound := iVwi+nc

Assert(bound—1 =liV,102)
iVVi := 50

iVvvl := iVvi+nwd

bound := iV~1+nc

Assert(bound—1=IV,103)
ehg168(iunit,d,Vc,nc,nV,nV,Viv~1,lVivAl ,Vivai ,Vjv~1)

ehgl69(d,vc,nc,nc,nv,nV,vivy1 ~ ,Vival ,iVivci

lVivft11 ,lVivwi

)

bounde Z
de Z,In

iunite Z,In, ... Fortranunitto readfrom
iVe Zliv,Old,Out
live Z,In

lVe Z,In
nceZ,In
nyc Z,In

VE Rlv,Old,Out
VceZ,In
Include: iv routines

/fs/pyxis6/ehg/a/loess/loread. g

Thu Sep 15 23:10:08 1988



losave(iunit, iv,liv,lv,v)

iunite Z,In, ... Fortranunit to write on
iVe Zliv,Old,In
liveZ,In
lVeZ,In
ye Rlv,Old,In
Include: iv

/u3/ehg/a/loess/losave . g

Sun Jun 12 09:51:48 1988



ehgl4l (trl,n, 1 ,t,d,nsing,dka,dla,d2a)
ehgl4l (trl ,n ,2 ,t,d,nsing,dkb,dl b,d2b)

— dka
dkb-dka

(1—a)’dla+wdlb
(1—a) d2a+ccd2b

aeR

deZ,In
dla,dlb,d2a,d2be R

e R,Out

6
2E R,Out

dka,dkbe Z
ne Z,In

nsinge Z,In

-te Z,In, ... degreesoffreedomin local model
trle R,In

Include: iv routines

/fs/pyxis6/ehg/a/loess/lowesa . g

Wed Jun 5 02:26:44 1991



lowesb(xx,yy,ww,diagL,infl, iv,liv, lv,wv)

Assert(iVSEQ!=173 ,174)
if iVsEQ!=l72

Assert(i’vSEQ = 171,171)
ivs~ := 173
trL := if(infl,1.,else,0.)
setLf :=

ehgl3l(xx ,yy ,ww ,trL ,diagL ~ ,iVDIM ,iVN ,iVD ,iVNC,

iVNCMAI,iVVC,lVNV,LVNVMAK,lVNF,IVVF,lVivAl ,~VivCi ,1V
11, Hil ,lVivLOl

‘~V’~’FDIAM,’W’~~ivwopx4 ,lVViv~ ‘~RCOND,
1~SfNG,iVNDIS’f ,lVDE~3,lVCDJ~J:CDEG+8,lViv~ ,wVsv

1,,

setLf

)
if ~

ehgl83(”Warning.k-d treelimited by memory;nvmax=”,iVm,M~,1,1)
else if 1VNC+

2>1VNCM~(

ehgl83(”Waming.k-d treelimited by memory.ncmax=”,ivNcM~,1,1)

diagLER ,Old,Out
infl: Logical ,In

iveZ,Old
setLf: Logical, ... shouldLq, Lf be filled in?
wVER,Old
WWE R ,Old
xxeR ,Old,Matrix
yyER,Old
Include: kd routines iv approx un

/u3/ehg/a/loess/lowesb . g

Sat Mar17 13:25:14 1990



lowesc(n,L,LL,trL,61 ,62)

computeLL= (I—L)(I—L)’
for 1=i=n

—= 1
for 1=i=n

for 1=j=i
LLi,j:=’zLi,,Lj,,>

for 1=i=n
for i+l=j=n

for 1=i=n

+= 1
accumulate first two traces

trL := 0
0

for 1=i=n
trL +=

8~ += IL
82=trLL

82 : 0
for 1=i=n

82 += <LL1.,LL.1>

Le R~ X ,Old,In
LLe R~xft Old Out

81eR,Out, ... tr(I—L)(I—L)’

82eR,Out, ... tr[(I—L)(I—L)’]
2

i,]e Z
ne Z,In

trLe R,Out
Include: un

/fs/pyxis6/ehg/a/loess/lowesc . g

Thu Oct 22 17:03:18 1987



,:~

lowe sd(version, iv, liv, lv,v ,d,n,f, ideg,setLf)

Assert(version= 1~05~,100)
iVSEQ := 171
LVD := d
iVN := n

vc :=
iVVC := Vc

Assert(f> 0,120)
nf := Min(n,Floor(nf))
iVNF := nf

LVKERJ~IEL := 1
IVDIM := if(ideg = 0,1,ideg = 1,d+1,ideg — 2, (d+2)(d+ 1)

)

2
LVKIND := 1
nwnax ~-=~Max(2O0n)
1~NVM~( : = nvmax
ncmax: = Ma*(200~n)
iVNCMAX := ncmax
1~SING := 0
iVDEG := ideg
Assert(ideg=0, 195)
Assert(ideg=2, 195)
1~NDIs’r := d

iVCDEG:CDEG+5 := ideg
iVA1 := 50
iv~

1 := iVAl+ncinax

ivci+vcncmax
iVLO1 := IVHIl+ncinax

iVni := iVLol+ncinax

initialize permutation
ivni—l

for 1=i=n

i
IVV~ := iVni+n

LVLQ := ivvH+nvinax

if setLf
iV’~p1 := iVLQ+nVinaxizf

else
iVq~~ := iVLQ

bound :=
Assert(bound— 1=liv, 102)

iVVi := 50
~VVyi := ivv1+nvmaxd



-2-

LV~
1 := ivvvi+(d+1)~nvmax

LVWORK1 := iv~1+ncmax
1~WORK2 := ivwoPJ(1±n

iVWORK3 := iVwoRJ(2+nf

lVjllj
2 := iVWoRJ(3+iVDIMnf

~V1rj~’:= iv~+(d+1)~nvmax

if setLf
1~WORK4 := iv~+(d+1)~nvmax~nf

else
1~WORK4 .= lV~y

bound := iVwoRK4+nf

Assert(bound —1=lv,103)

f
VFCEIJ := 0.05

~FD1AM:= 0.
~RCOND := 1.

bound,de Z
feR
ieZ
idegeZ,In

j,liv,lv,ne Z
ncmaxeZ, ... maximumnumberof cells
nfe Z
nvmaxeZ, ... maximum number of vertices

setLf: Logical,In
ye R’~,Old
vc,Versione Z

Include: iv routines

/fs/pyxis6/ehg/a/loess/lowesd. g
Wed May 29 14:00:17 1991



s := lowese(iv,liv,lv,wv,m,z)

Assert(ivSEQ!=172,172)
Assert(ivsEQ = 173,173)

)

iyeZ,Old
me Z
seRm,Old
wveR~,Old
zeR” X 1 ,Old
Include: kd routines iv approx un

/fs/pyxis6/ehg/a/loess/lowese . g

Wed May 29 14:01:53 1991



s := lowesf(xx,yy,ww,iv,liv,lv,wv,m,z,L,
ihat)

Assert(171=iVSEQ and ivsEQ=l74,l7l)
IVSEQ := 172
Assert(iv~qv~~=ivN~, 186)
s : = l2fit(Z,in,in,iVN ,IVD ,iVNF,wVF,XX,IV~~JflI,yy,

WW,iVKERJ4.!EL ,lVDIM,WVivwo,~i ,wV
1,, w0RK2 ,wvivwo,,,,0 , L,ihat,wv

wVRCOND,LVSING ,iVNDIST 1VjJ~ 4V CDEG:CDEG+ 8

)

Le Rrnxn,Old(m,.)

ihate Z
ive Z ,Old

meZ
seR

m,Old
wveR ,Old

wweR ,Old
xxeR ,Old,Matrix

yyeR,Old
zeR”~ 1 ,Old
Include: kd routines iv approx un

/fs/pyxis6/ehg/a/loess/lowesf .g

Mon May 27 22:15:07 1991



lowes1(iv,liv,lv,wv,m,z,L)

Assert(iVSEQ!=172,172)
Assert(ivsEQ= 173,173)
Assert(iVwoRK4!=iVLF,l75)

ehgl9l(m,z,L,ivD,ivN,ivNF,ivNv,ivNcM,~j~r ,LVVC ‘~~

1~Al’

)

Le R
tm X ~,Old(m,~),Out

iveZ,Old
me Z,In

wVeR ,Old
ze R’~’ X 1 ,Old,In
Include: kd routines iv

/fs/pyxis6/ehg/a/loess/lowesl . g
Mon Jun 3 14:04:25 1991



1 owesp(n,y,9 ,pwgts,rwgts,ix,5)

median absolute deviation

Iy—51’4pwgts
it := Identity

in := Floor(n/2)+1
ehglO6(1,n,m, 1 ,5,it,n)

if m>n—m+1

ehglO6(1,m —1 ,m —1, 1,3~,it,n)
y~~

1 +y~
mad

2
else

mad :=

magic constant

c. (6 ~mad)
2

1 (y—y) pwgts
c

*=

c := n/Sum(~)
pseudovalues

5+(c~rwgts)~(y—5)

ceR
meZ
madeR

ne Z,In
ite Z~ ,Permutation,Old
pwgtseR’¾01d,In
rwgtseR~,Old,In
yeRM ,Old,In
5e R~ ,Old,In

5eR~ ,Old,Out
Include: un

/fs/pyxis6/ehg/a/loess/lowesp. g

Tue May 29 15:33:26 1990



lowesr(y, iv,liv,lv,wv)

Assert(ivsEQ!=172, 172)
Assert(iVSEQ = 173,173)
ehgl92(y,ivD,1VN ,lVNF ,lVNV,lVNVMAX ,wvivwi ,wviv

1, ,1Viv~)

i’ve Z. ,Old,In

wveR ,Old,In
Include: kdiv

/u3/ehg/a/loess/lowesr . g

TueApr 321:31:13 1990



lowe sw( res, n , rw , it)

tranliterated from Devlin’s ratfor
find medianofabsoluteresiduals

rw := Iresl
it := Identity
nh := Floor(n/2)+1

partialsort to find 6*mad
ehglO6(l,n,nh,1 ,rw,ir,n)

if nh>n—nh+1

ehglO6(1,nh —1,nh—1,1 ,rw,2t,n)

cinad := 3~(rw~+rw~,)

else
cinad := 6rw~

rsmall := rlmach(1)
if cinad<zrsmall

rw := 1
else

for 1=i=n

if rw1>cmad~0.999
rw~ := 0

elseif rw1>cmad0.001

rw, := (1—(rw~/cmad)
2)2

else
1

emadeR
L,n,nhE Z
ire V ,Permutation,Old
reseR~,Old
rsmalle R
rweR~,Old

Include: un

/fs/pyxis6/ehg/a/loess/lowesw. g

Wed May 29 14:24:29 1991



ehgl24

rbuild(ll,uu,d,n,nverg,nceii ,ncmax,VC,x,it,
a,~,lo,hi,c,v,vhit,nvmax,fceii,fdiam’

dd)

p := 1
11

u := uu
los, : I

hi~ := u

while p=ncell

diam := II diagjl2
leaf := (u—l+l~fcell or d~OJfl=fdjam) or (ncell+

2>ncmax or nvert+Vc/2>nVinaX)

if !leaf

a := spread(l,u,dd,x,it,n)
k := iMax(a)

l+u
in := Floor( )

2
PartialSort(l,u ,m ,X:k,it)

all ties go with hi son
while m>1 and XX.

1,k = X~,k

in —= 1
leaf := Vc1,.k = X~,k or ‘vck = X~k

if leaf
0

else
k

left son
ncell + 1
lop := ncell

lOft,~ := I

hi ~

right son
ncell + 1
hi~ := ncell

hiftd :=u

cpvert(p,n~~,,v,Vhit,nVmax,d,k,~p,2kl2d—k

p

)



-2-

p += 1
l:=lO~

u := hi~

cpvert~ehgl2 5
diageR””,Old(dMAX)
diaineR
keZ
leN
leaf: Logical
lleZ
meN
peZ, ...currentcell;rootforpointsltou
aeR~,Old(dJktAX)
spreadEehgl29
ueN

uue Z
Include: kd routines approx un

/u3/ehg/a/loess/rbuild. g

Thu Jan25 16:36:25 1990



ehgl29

a := spread(l,u,d,x4E,n)

for 1=k=d

a.-oo

—~

for l=i=u

t :=

a := Min(a,x~.k)

Max(~,t)

a,~eR
i,k,leZ
GeRd,Old
teR
ueZ
Include: kdlin

/u3/ehg/a/loess/spread. g
Mon Mar 2312:29:451987



ehgl37

vleaf(z,ic, leaf,nleaf,d,flvert ,nvmax,ncmax,vc,a,

find leafcellsaffectedby z

stacktop : = 0
p := 1
nleaf := 0
while p>O

if a~ = 0 ... leaf
nleaf += 1
lea f~f : = p
p := Pop

elseif Za, =

Push(hi~)
p := lO~

elseif Za,<tp

p := lO~

else
p := hi~

Assert(nleaf=vcMAX,185)

STACKMAX—* 20
Push(%?,%mp)—* {stacktop += 1 ,Assert(stacktop=STACKMAX.187),pstacks~,c~op : = %mp}

bold if
(stacktop=1,%mp : pstCWkstacirjop,else,%mp := 0) ,stacktop : = Max(0,stacktop—1)}
leaf e ZvcM~,Old, ... indicesof leafcells
nleafeZ, ... numberof leafcells found
pe Z, ... cell underconsideration
stacktopEZ, ... indexoftop elementin stack
zeRd,Old, ... vertex
Include: kd routines

/u3/ehg/a/loess/vleaf . g
MonDec 709:30:35 1987


