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Dynamic maps allow panning and zooming.

Problem:  Selecting and placing labels on a 
dynamic map.

vs. Static Label Placement

• 2D => 3D

• HCI

• performance requirements



Basic cartographic rules for map labels:

• No overlap among labels and features

• Each label identifies a unique feature

• Each label optimum among alternatives



Label Placement

• Static Case: Transformation π of a box in 
label-coordinates into world coordinates

• Dynamic Case: A parameterized family of 
transformations Π = {πs : s ∈ [λ0,λh]} 

Zoom levels 
lowest to highest



Label Placement
Given a set of labels S0

Two-step Process

1. Select a subset S ⊆ S0

2. Place the labels S on the map

Interactive speeds non-trivial! 



Label Placement
Given a set of labels S0

Two-step Process

1. Select a subset S ⊆ S’

2. Place the labels S on the map

Interactive speeds non-trivial! 

0. label-filtering S’ ⊆ S0



Previous Work

• 1980s - static placements

• 1990s - interactive 

- show label when mouse over

- draw lines from labels to features around mouse

• Petzold, et al.(96, 03)

- Preprocessing phase + Interaction phase

- Label selection based on priorities

- realtime achievable

• Zhang & Harrie(04)

- selection and placement for points and lines. 

- not realtime



Label Size Invariance Property: Each label on screen 
has a fixed size that is invariant under zooming

(D1) Labels should not vanish when zooming in, and 
not appear when zooming out

label priority A>B>C, zoom levels s1<s2<s3

Label Consistency

2 Previous Work

Cartographicprinciplesfor labelingmapsarelaid out in [17,30]. Startingin the1980Õs, labelplacementalgorithmsbeganto appear
[16, 1, 12, 6, 9, 27, 18]. The interestof thesepapersis in producinglabelingsfor static mapsÑi.e.,JPEGimagesor hardcopies.
The techniquesgenerallydo not have theperformancefor interactive systems,andthey donÕt considertheconsistency issuesthat
arisewhenlabelingin a dynamicenvironment.

In the 1990Õs a numberof techniquesweredevelopedfor interactive labeling;a survey of this work was given by Feketeand
Plaisant[10]. Many of thesetechniquesconceptuallyseparatethe labelsfrom the databeing labeled. With the infotip, a label
for a featureappearswhenthe mousepointer is over that feature,anddisappearswhenthe mousemoves away. With excentric
labeling[10], all featuresin a circularneighborhoodof themousearelabeledby listing the labelsvertically to theright andleft of
the neighborhood,anddrawing lines from eachlabel to its associatedfeature. More recentwork in this vein includesboundary
labeling[5], andwork on labelingof small3D models[2, 23]. Otherapproaches,suchasÞsheye views[13], distort theview in the
focal area,soasto make roomfor labels.

Our interestis in producinga labelingthatat any givenpoint in time looks like a staticlabelingÑthe labelsareÒonthemapÓ,
asthey would bewith a papermapÑbut thatadaptsto a changingviewpoint in a smoothandconsistentway, at interactive speeds.
The study of this problembegan with PetzoldÕs diploma-thesis[19, 20]. They usethe term ÒscreenmapÓfor dynamicmaps,
andintroducedthepreprocessingapproachnotedearlier. ZhangandHarrie [31] addresstheselection-and-placementproblemfor
labelingpointsandlines. Petzoldet al. [22, 21] concludedthat their prototype(partially implementedfor line andarealabels)
demonstratedthatreal-timeperformancewasachievable.ZhangandHarrienotedthattheir implementation,while cartographically
sound,did not achieve real-timeresponse.

Althoughthealgorithmicliteratureon labelselectionasastand-aloneproblemseemsto benon-existent,thereareseveralpapers
discussingheuristicsfor selectinglabels.E.g.,Tatemura[24] discussÒdynamiclabelsamplingÓin thecontext of Þsheye-view maps.
He doesnot requirenon-overlapamonglabelsand/orfeatures.Theselectionis basedon considerationssuchastheavoidanceof
clutter, distancefrom areaof interest,amountof labeloverlap,etc.

3 Consistency Issues in Dynamic Labels

We begin with an informal discussionof desideratafor dynamiclabels. We will assumethe following Label Size Invariance
Property (LSIP): each label on the screen has a fixed size that is invariant under zooming. Sincethe labelsserve as navigation
markers,keepingthematÞxed sizeon thescreenhassomejustiÞcationonHCI grounds.(SeePetzoldetal. [21] for amoregeneral
modelthat doesnot requireLSIP.) To understandthe effectsof LSIP, supposep, p! aredistinct point featuresandL, L! aretheir
displayedlabels,initially non-overlapping.As wezoomout,thescreendistancebetweenp, p! will decreasewhile thesizesof L, L!

areunchanged.SinceL andL! muststaycloseto p andp! , they alsomove towardseachother, andthey maystartto overlap. So
we have to deselecteitherL or L! from viewing. Thus,we make thefollowing globalconstrainton selection/deselection:

(D1) Labels should not vanish when zooming in, and they should not appear when zooming out.
This rule mustallow an exceptionin casea labelL hasa zoomrange(i.e.,R(L) below) whereit wantsto bedisplayed.At the

endpointsof R(L), we allow (D1) to beviolated. Evenwith this exception,this rule ensuresthat labelsdo not appear, disappear
and re-appear.
Example. It is clear that rule (D1) could be violated if we placelabelsin eachzoomlevel independently. But perhapswe

couldsave thesituationby imposinga globalpriority orderon the labels,andusethegreedyplacementmethodasin Petzold(see
introduction).To show that this doesnot help,considerFigure2 wherewe have threepoint featuresp, q, r whoselabelsA, B, C
have the indicatedpriorities. Startingfrom Figure2(i) at zoomlevel s1, we zoomin to Figure2(iii) at zoomlevel s3. The labels
do not changesize,but the distancesamongthe featuresdecreases(the Þgureis roughly to scale). Using a reasonabledynamic
placement(in factour point invariantmethodbelow), thereareinitially no conßicts amongthe labels.In zoomlevel s2, B andC
have aconßict, andÞnally in s3 , weseea new conßict betweenA andB. Usingthegreedymethodabove, weseethatlabelC will
bedisplayedin s1, notdisplayedin s2 but displayedin s3. Thus(D1) is violated.It seemsto usthatthealgorithmin [22, 21] could
exhibit this behavior aswell.
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(ii) Zoomlevel S2 (iii) Zoomlevel s3

Figure2: Labelpriority is A > B > C; Zoomlevelssatisfys1 < s2 < s3.
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Label Consistency
Label Size Invariance Property: Each label on screen 
has a fixed size that is invariant under zooming

(D1) Labels should not vanish when zooming in, and not 
appear when zooming out.

(D2) The distance a map feature f and position of its 
label L should vary monotonically.
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(D1) Labels should not vanish when zooming in, and not 
appear when zooming out.

(D2) The distance a map feature f and position of its 
label L should vary monotonically.

(D3) Labels must not vanish or appear during panning 
except through sliding in/out of view



Label Size Invariance Property: Each label on screen 
has a fixed size that is invariant under zooming

(D1) Labels should not vanish when zooming in, and not 
appear when zooming out.

(D2) The distance a map feature f and position of its 
label L should vary monotonically.

(D3) Labels must not vanish or appear during panning 
except through sliding in/out of view

(D4) Display of any label is a function of state (x,y,s) so 
not dependent on how the view was obtained

Label Consistency



Dynamic Map Model

• View

- shape = w x h
- position = center point (x,y)
- zoom level = map scale ratio s:1

• Map features - point, line, area

• Label L
- map feature ϕ(L)
- box(L)
- live range R(L) ⊆ [0, ∞] ⇒ R(L)=[λi,λj], i<j



Label - World - Screen Coordinate Systems(x, y) ! W (x, y, s) to (0, 0) and the corners (x ± s, y ± s) ofW (x, y, s) to (± 1, ± 1) ! W0 . This transformation is illustrated in

Figure 3. Denote this transformation by τ (x, y, s). It is convenient to write τ (s) for τ (0, 0, s). Note that det(τ (x, y, s)) = 1/ s2 .

LABEL

Box(L)

(1, 1)

Screen domainW0
τ(x, y, s)π

Map domainD0

(1, −1)(−1,−1)

(−1, 1)

Figure 3: Transformations among World, Screen and Label Coordinates

5 Simple Dynamic Labeling Model
We describe the placement of labels using the language of planar affine transformations. We are interested in three kinds of affine

transformation τ : R2 " R2 : (i) τ = T(e, f ) is translation by the vector (e, f ) ! R2 , (ii) τ = R(θ) is rotation by angle
θ ! [0, 2π), and (iii) τ = D (s) is dilation by factor s > 0. Each τ can be represented by a 3 # 3matrix M! , with composition of

transformation corresponding to matrix multiplication. Let us call allowable any composition of these 3 types of transformations.
The determinant det (τ ) of τ refers to the determinant of M ! . Clearly det (T (e, f )) = det(R(θ)) = 1 and det (D (s)) = s2 .

A static placement for a label L is just an allowable transformation π from L ’s coordinates into world coordinates. So the
rectangle box(L ) is mapped into some rotated, dilated box π(box(L )) in world coordinates. This placement of L is visible in state
(x, y, s) if π(box(L ))$ W (x, y, s) is non-empty. On the screen, this placement of L shows up in the region τ (x, y, s)(π(box(L ))$
W0 . See Figure 3.

The Label Size Invariance Property (LSIP) amounts to this: in zoom level s, we must only use allowable placements π whose
determinant is s2 : det(π) = s2 .

Let s =
p

det (π). For two points u, v ! R2 , let %u & v%denote the (Euclidean) distance between u and v. For closed sets
X , Y ' R2 , let d(X , Y ) denote the closest distance between a point u ! X and a point v ! Y . We say π is valid for L if it

satisfies the following constraints, depending on the type of L :

1. If L is a point label, then:
(P1) π is a translation composed with a dilation.
(P2) The interior of π(box(L )) does not intersect the feature φ(L ).
(P3) The distance between π(box(L )) and φ(L ) (in world distance) should be at most sd0 for some global constant d0 . Note

that in screen distance, sd0 corresponds to d0 .

2. If L is a area label, then:
(A1) π is a translation composed with a dilation.
(A2) π(box(L )) must intersect φ(L ).

3. If L is a line label, then:
(L1) π is allowable.
(L2) The interior of π(box(L )) does not intersect the feature φ(L ).
(L3) The distance between π(box(L )) and φ(L ) is at most sd1 , for some global constant d1 . Moreover, this distance is

achieved at all points of a subinterval I along the “long” side of of π(box(L )), and the length of I is at least 1/ 2 the length
of π(box(L )).

We now address simultaneous static placements: let { πL : L ! S} be a set of static placements. We say this set is compatible
if for all L (= L ! ! S:
(1) All the static labels πL have the same determinant, and they are each valid.

(2) πL (box(L )) and πL ′
(box(L ! )) are disjoint.

(3) If L ! is a point label then πL (box(L )) and φ(L ! ) are disjoint.
Thus, we require non-overlap among the labels and between labels and point features.

6 Point Invariant Placements
A dynamic placementfor a label L is a parametrized family

Π = { πs : s ! [λ0, λh ]}
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Dynamic Labeling Model

Allowable transformation: 

composition of T(e,f), R(/> ), D(s) 

Static Placement: 

allowable transformation from label coords to world 
coords



Valid Placement !

If L a point label

(P1) ! is a translation composed with dilation

(P2) Interior of ! (box(L)) does not intersect ϕ(L)

(P3) Distance b/n ! (box(L)) and ϕ(L) <= sd0.



Valid Placement !

If L a area label

(A1) ! is a translation composed with dilation

(A2) Interior of ! (box(L)) must intersect ϕ(L)



Valid Placement !

If L a line label

(L1) ! is allowable

(L2) Interior of ! (box(L)) does not intersect ϕ(L)

(L3) Distance b/n ! (box(L)) and ϕ(L) <= sd1. This 
distance is also achieved at all points on an interval 
with size at least 1/2 the length of Box(L)

Box(L)

ϕ(L)



For simultaneous placements {!  L : L ε S}, label-label 
overlap and label-point feature overlap not allowed

Dynamic Placement : Family Π = {πs : s ∈ [λ0,λh]} of 

static placements, s.t.

1) det(πs) = s2 

2) πs varies continuously with s.



Invariant Point Placement
Dynamic placement represented by (p,q, φ)

For every zoom level s:

πs = T(p)R(φ)D(s)T(-q)

Boundary placement

 πs (q) = p

Box(L)

of staticplacements! s suchthat(i) det(! s) = s2, and(ii) ! s variescontinuouslywith s. Say! is valid if each! s is avalid static
placementof L . We now introducea simpleclassof dynamicplacementswith mostof thepropertiesthatonemight require.

An invariant point placementis adynamicplacementthatis representedby a triple pair (p, q, " ) of pointswherep is in world
coordinates,q is in L Õs coordinatesand" is anangle.For every zoomlevel s > 0, this deÞnesthestaticplacement! s of theform

! s = T (p)R(" )D (s)T (! q)

whereT, R andD arethe translation,rotationanddilation transformationsintroducedearlier. We seethat ! s (q) = p for all s
(this is theÒinvariantÓ).For instance,if q is a point in box(L ) thenin zoomlevel, thepoint p in themapis alwayscoveredby the
transformedbox of L . This is illustratedin Figure4.

! (L )

p = " s (q)

s = 12s = 9

" s (bo x (L ))

s = 3

! (L )

s = 6

p ! = " s (q! )

Figure4: Two invariantpointplacementsfor a point labelL , representedby (q, p, 0) and(q !, p!, 0).

Thefollowing resultindicatesthat invariantpoint placementsareadequatefor our placementmodel,but Þrst we needa deÞni-
tion. Recallthata valid staticplacement! of labelL hastwo pointsu, v alongthe long sideof ! (box(L )) andtwo pointsu′, v′

in #(L ) suchthat " u, u′" = " v, v′" = d(#(L ), ! (box(L ))). We call ! a boundary placementif u′, v′ lies on the boundaryof
theconvex hull of #(L ). A valid dynamicplacement! = { ! s : s # [$0, $h ]} is a boundaryplacementif each! s is a boundary
placement.

THEOREM 1 For anypoint or area label L , we cancharacterizethesetof all invariant point placementsof L that are valid. For
line labels,wecandetermineall invariant point placementswhich are boundaryplacements.

Geometric View of Point Invariant Placements. Geometrically, point invariant placementscorrespondto conesin 3-
dimensions,in (x, y, s) coordinates.But it is easierto Þrst consider1-dimensionallabelboxes(thesearejust intervals) in (x, s)-
coordinates.SeeFigure5 (a)wherethepoint-invariantplacementof 4 labels{ L1, . . . , L 4} arerepresentedby coneswhoseapexes
lie on the line s = 0. Thecanonicalsizeof the labelscorrespondto the intervalsat scales = 1 (color codedasred,green,blue,
ochre). The view areais representedby anotherinterval which is invariantwith scale:thus,at scales = 1, only L2, L 3, L 4 are
visible,but at scales = 3, L 1 is alsovisible.

L 4

s = 1

s = 2

s = 3

L 1 L 3L 2

view area

s = 0

(b)(a)

s = 1

s = 2

s = 3

L 1 L 3L 2

view area

s = 0
L 4

Figure5: 1-Dimensionalpoint invariantplacements,andcompatibleactive ranges

If theinvariantpoint lies within thelabel,thentheconecontainthevertical line throughits apex. Otherwise(asin L4), we see
thatthelabelswill startto drift away from its invariantpoint ass $ % .
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Geometric View - cones in 3D

in 1D:

of staticplacementsπs suchthat(i) det (πs ) = s2, and(ii) πs variescontinuouslywith s. Say! is valid if eachπs is avalid static
placementof L. We now introducea simpleclassof dynamicplacementswith mostof thepropertiesthatonemight require.

An invariant point placement is adynamicplacementthatis representedby a triple pair (p, q, θ) of pointswherep is in world
coordinates,q is in LÕs coordinatesandθ is anangle.For every zoomlevel s > 0, this definesthestaticplacementπs of theform

πs = T (p)R(θ)D(s)T (! q)

whereT, R andD arethe translation,rotationanddilation transformationsintroducedearlier. We seethatπs (q) = p for all s
(this is theÒinvariantÓ).For instance,if q is a point in box(L) thenin zoomlevel, thepoint p in themapis alwayscoveredby the
transformedbox of L. This is illustratedin Figure4.

! ( L )

p = " s ( q)

s = 12s = 9

" s ( bo x ( L ) )

s = 3

! ( L )

s = 6

p ′ = " s ( q′ )

Figure4: Two invariantpointplacementsfor a point labelL, representedby (q, p, 0) and(q ′, p′, 0).

Thefollowing resultindicatesthat invariantpoint placementsareadequatefor our placementmodel,but first we needa defini-
tion. Recallthata valid staticplacementπ of labelL hastwo pointsu, v alongthe long sideof π(box(L)) andtwo pointsu′, v′

in φ(L) suchthat " u, u′" = " v, v′" = d(φ(L), π(box(L))). We call π a boundary placement if u′, v′ lies on the boundaryof
theconvex hull of φ(L). A valid dynamicplacement! = { πs : s # [λ0, λh ]} is a boundaryplacementif eachπs is a boundary
placement.

THEOREM 1 For anypoint or area label L, we cancharacterizethesetof all invariant point placementsof L that are valid. For
line labels,wecandetermineall invariant point placementswhich are boundaryplacements.

Geometric View of Point Invariant Placements. Geometrically, point invariant placementscorrespondto conesin 3-
dimensions,in (x, y, s) coordinates.But it is easierto first consider1-dimensionallabelboxes(thesearejust intervals) in (x, s)-
coordinates.SeeFigure5 (a)wherethepoint-invariantplacementof 4 labels{ L1, . . . , L4} arerepresentedby coneswhoseapexes
lie on the line s = 0. Thecanonicalsizeof the labelscorrespondto the intervalsat scales = 1 (color codedasred,green,blue,
ochre). The view areais representedby anotherinterval which is invariantwith scale:thus,at scales = 1, only L2, L3, L4 are
visible,but at scales = 3, L1 is alsovisible.

L 4

s = 1

s = 2

s = 3

L 1 L 3L 2

view area

s = 0

(b)(a)

s = 1

s = 2

s = 3

L 1 L 3L 2

view area

s = 0
L 4

Figure5: 1-Dimensionalpoint invariantplacements,andcompatibleactive ranges

If theinvariantpoint lies within thelabel,thentheconecontainthevertical line throughits apex. Otherwise(asin L4), we see
thatthelabelswill startto drift away from its invariantpoint ass $ % .
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New Approach
• S0 : set of all labels

• Pre-Processing - allows no conflict computation 
during interactive phase

(1) Compute a set of dynamic placements

(2) Compute a subinterval A(L) ⊆ R(L),  ∀L ∈ S0

Π* = {ΠL: L ∈ S0}

Active Range

L is active if the current zoom level s ∈ A(L) 



• Active Ranges reduces cones to truncated cones 

• in 1D : trapezoids.
Non-intersecting trapz = non overlapping labels

of static placements πs such that (i) det (πs ) = s2, and (ii) πs varies continuously with s. Say ! is valid if each πs is a valid static

placement of L. We now introduce a simple class of dynamic placements with most of the properties that one might require.
An invariant point placement is a dynamic placement that is represented by a triple pair (p, q, θ) of points where p is in world

coordinates, q is in L’s coordinates and θ is an angle. For every zoom level s > 0, this defines the static placement πs of the form

πs = T (p)R(θ)D(s)T (! q)

where T, R and D are the translation, rotation and dilation transformations introduced earlier. We see that πs (q) = p for all s
(this is the “invariant”). For instance, if q is a point in box(L) then in zoom level, the point p in the map is always covered by the
transformed box of L. This is illustrated in Figure 4.

! (L )

p = " s (q)

s = 12s = 9

" s (bo x (L ))

s = 3

! (L )

s = 6

p ′ = " s (q′)

Figure 4: Two invariant point placements for a point label L, represented by (q, p, 0) and (q ′, p′, 0).

The following result indicates that invariant point placements are adequate for our placement model, but first we need a defini-

tion. Recall that a valid static placement π of label L has two points u, v along the long side of π(box(L)) and two points u! , v!

in φ(L) such that " u, u! " = " v, v! " = d(φ(L), π(box(L))). We call π a boundary placement if u! , v! lies on the boundary of

the convex hull of φ(L). A valid dynamic placement ! = { πs : s # [λ0, λh ]} is a boundary placement if each πs is a boundary

placement.

THEOREM 1 For any point or area label L, we can characterize the set of all invariant point placements of L that are valid. For

line labels, we can determine all invariant point placements which are boundary placements.

Geometric View of Point Invariant Placements. Geometrically, point invariant placements correspond to cones in 3-
dimensions, in (x, y, s) coordinates. But it is easier to first consider 1-dimensional label boxes (these are just intervals) in (x, s)-
coordinates. See Figure 5 (a) where the point-invariant placement of 4 labels { L1, . . . , L4} are represented by cones whose apexes
lie on the line s = 0. The canonical size of the labels correspond to the intervals at scale s = 1 (color coded as red, green, blue,
ochre). The view area is represented by another interval which is invariant with scale: thus, at scale s = 1, only L2, L3, L4 are

visible, but at scale s = 3, L1 is also visible.

L 4

s = 1

s = 2

s = 3

L 1 L 3L 2

view area

s = 0

(b)(a)

s = 1

s = 2

s = 3

L 1 L 3L 2

view area

s = 0
L 4

Figure 5: 1-Dimensional point invariant placements, and compatible active ranges

If the invariant point lies within the label, then the cone contain the vertical line through its apex. Otherwise (as in L4), we see

that the labels will start to drift away from its invariant point as s $ % .
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• Interactive Phase
For each L visible in the current view 
If Active then Place

Sw ⊆ S0 be set of labels that intersect W(x,y,s)

Sa ⊆ S0 be set of labels active at level s

Sv = Sw ∩ Sa, visible labels 

a) Filter Sw from S0

b) Select Sv from Sw

New Approach

} Slow



Solution: Assume every active range has form

Goal: Produce Sw as a list sorted by h s.t. traversal of 
list until label L with hL<s = Sv

Method:

• Divide D0 into a grid of buckets

• Assign each label to the bucket that contains the 
invariant point.

• In each bucket, sort labels by hL

• Store buckets in a hash table

A(L) = [0,h]



Complexity of Optimal Active 
Range Selection (Pre-Processing)

Optimization Problem:

Ii: intervals in s (cone truncation) w/ no overlap

No solution known even for 1D

simple active range optimization (Ii = [0,h] (full cones))

= height maximization problem on graphs

|A| :=

n!

i= 1

|I i| → max



Height Maximization on Graphs

G(V,E) undirected with functions  
H:V→R≥0 and W:V→R≥0 

A height function (H) is compatible if:
(1) h(v) <= H(v)
(2) for each edge e(u,v),  h(u)>W(e) ⇒ h(v)≤W(e)

Problem: Compute a height function that maximizes 
the sum 

Reduction: 
V = cones,  (u,v) ∈E iff u ∩ v ≠ ∅
W(u,v) = height at which u,v intersects
H(v) = height of cone v

|A| :=
∑

v∈V

A(v)



Lemma: 

Given an instance of height maximization, and a 
constant k, it is NP-hard to decide if there exiss a 
compatible height function A s.t. |A|>=k

Then?



Lemma: 

Given an instance of height maximization, and a 
constant k, it is NP-hard to decide if there exists a 
compatible height function A s.t. |A|≥k

Then?

Assign Priorities!



Prioritized Labels
• Unique  Ci ≠Cj ⇒ P(Ci) ≠P(Cj)

• A(Ci) = hi means active range for Ci = [0,hi]

• Ci\hi is truncated cone Ci\[0,hi]

• A maximal if
1. Ci/hi blocked by Cj/hj ⇒ P(Cj)>P(Ci)
2. For all Ci, either Ci blocked or A(Ci) = R(Li)

Lemma: For any set of invariant point placements with 
priority P, maximal non-overlapping active range 
function A is unique

Using conflict graphs - can be computed in O(n+m)



Conclusions
• Theoretical
✓ Formulated dynamic labeling problem
✓ Desiderata (D1-D4) for consistency
✓ Invariant point labeling

• Algorithmic
✓ Active range computation efficient in interaction 

phase and satisfies consistency
• Practical
✓ Implementation 

full scale, web demo 
(line features)

Figure 1: Washington D.C. street map, zoomed in and zoomed out

is less important for throw-away maps. A basic purpose of dynamic maps is navigation, a term we use to capture a variety of

human search tasks, such as searching for a particular location or for the most scenic route between two points. In such tasks labels

are useful as navigation markers as well as for information content. As markers in a dynamic environment, the global consistency

(as we shall deÞne it) in the placement of labels becomes at least as important as how many labels we can pack into the current
view. Thus, issues of consistency and efÞciency dominate our treatment.

There are two general steps in labeling maps: beginning with a set S0 of all possible labels, we Þrst select a subset S ! S0 , and

then we place the labels of S on the map. Some papers have studied the “pure placement problem” in which the algorithm either
succeeds in placing the entire set S0 , or it fails. Formann and Wagner [11] generalize this pure-placement problem by asking for

the smallest zoom level s (see below) in which a successful placement is possible. But more often the labeling problem is posed as
selecting an “optimal” S ! S0 that can be placed [18]. Zhang and Harrie [31] noted that achieving interactive speeds is nontrivial;

since we are interested in very large label sets S0 , we need algorithms that take time sub-linear in |S0 |. In this case a label filtering
step must be introduced to quickly extract a small S! ! S0 , from which a select-and-place algorithm can choose S ! S! . E.g., label

Þltering can limit our attention to those labels in the current view window. (Label Þltering is related to “dynamic label sampling”
in Tatemura [24].) It is therefore essential to preprocess S0 , as is done by Petzold et al. [22, 21].

The immediate predecessor for our work is Petzold et al. [22, 21] who solve the dynamic map labeling problem in two phases. In

the preprocessing phase, they compute a data structure called the “reactive conßict graph”; in the interaction phase, this reactive
graph is queried to obtain a static conßict graph G whose nodes are all the map features within the current view, and whose edges

indicate potential conßict for labels of these nodes. FromG, they Þnally select a subset of labels that can be placed without conßict.
This is done by the greedy method: assuming a priority ordering among labels, the labels are placed (or rejected) in priority order.

They do not address what we call the label consistency problem. Informally, label consistency is the property of displayed labels

to be predictable (no popping in and out) under zooming and panning.

We have implemented dynamic labeling as part of our open-source G-Vis System [29, 4], a full detail dynamic map of the

continental USA based on the publicly available Tiger Dataset [25]. Our labeling demo is available on the internet [15].

Contributions of this paper.

• We introduce a simple model for dynamic maps, as well as for dynamic map labeling.

• We give a set of “consistency criteria” for dynamic label placements.

• We describe a class of dynamic label placements called invariant point placements.

• We present a dynamic label placement solution that (i) satisÞes our label consistency criteria, (ii) preprocesses that data in
reasonable time, and (iii) uses very simple and fast methods with no conßict computations necessary in the interaction phase.

• We provide a demo on the internet [15], and also report some empirical data for our implementation.

Some Þgures in this paper are color images.
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