:-Dowl/} O rclered Trees

Tdeat Use beth s mm(,a’:rfo order and
heop orofer (o7 o fferent \/a/uc.S)

1. }ynquc orofer statistics (CLRS 3025
QecessS /<+A n @ (;St

Methed ! store subteee, size in each nede

size (%)= ;iv.e(/aﬁ{x»* g%‘x.e_(rishk(xyﬂ

O (1) per rotatien




v )
2. Inatervg! frgc.s, (CLPS 3//)

stare in‘tervqlg [x,y}

Sy mme‘tric, Drp‘ef‘ On X
start max )/“\/d,ue, n S“biftﬁ

Can cAa ]nthSec‘t;Ql\‘ Cmntm'mme.nt Cll\e“'\‘?,s

But (at last) anc other kvd of " inteevel + e’
evists: CLRS dfa net standard

SGJ"\Gh‘L LreeS gre a be(o‘ted structure




3. Treqps: randomized seqeth #rees (Cues 214)

Each new I7 jnserted tem jcﬁf a randorm
Priorilzy

Masatain Symmekeio order /.7 valwe, 4eap order
17 /o-/i\f\'+7 :
after insert rotadt p Qlon y acces) path
to restort, Aeap order

Tl\c i"cb d/wd/v.f //boéf /)é& A trec jenel‘q'f&d
57 random insertians

B'J ﬂﬂ'fosz’acLi Ai]/!rfrcc5c1‘a'\ Prr‘ori‘ffe.s
—_—




L/‘. Pr;xsf\;ty 560.7‘0( TNPJ} (N\cCer/;fJ fecf\'on 3)
Store Fa?rs [x,},]

biven X 2%, Y, list all pairs Lxy]
with X £ x€x and y £y,

] h-D Scarckir}j
Time fo [ist k Pafrs Iy O(k*’Oﬂ n»
Lntervel trees” give O (klogn)
Ana‘i’-}\cr ap,wéowk : make a frca,a
with y-value s as priorities
Y P
(V,,.\'Hemb\i ijoa(a>

Bu‘t. r\o‘f. Ad’a\nc@d( Pa;rs W;f( X‘)/




Mc C”Ci]}\‘f. © Stort (M,/o th) 7o Fa;rS /:>&" /wd(',:
O""(PB with mia )/‘Va//ntj the other (@) w14
5/0/#}»‘:\/0 7= valnt .

Tree, s S;mmﬁm’ca [ly ovdered on x-yqlnes afzi/
m;r\’}‘GaP'GFI{ef‘CJO’\ )/‘Va,/nei o//D:S

anl /aa,‘tf‘ ApPPERr S Cxao#/ onld af a Z"’ and ma/
Upoear onee aS o p. n @ proper ascestor,

ﬁ./: [ s a/oaﬁr witA m»’n)/ “hat 15 @ in a proptr
Mefw“da'\{ 6{ é’ aArd /\D’t p 1(0” aﬂzy /i?r‘oloaf
ancestor of £,

t./o\/\_o{ P Is 1%,(@, /[f ZAC»(, !’5170 P@)'r 2:.‘..,5
/fa/s'c > fake at alf c{escendanﬂ)

i.o‘u‘o/Q /S true ML/ Som€ ancestor a o—f‘t
Aas a\Va/folP-’ true  angd a,,lgz Z‘.\V




/I.‘st (ﬁ):im;};orf zf.'o ;Tr/n rar‘\/cc-‘;;
'rc/oori' £.£ 4 a rangt and net f.ofu,o/QJ-
rf 1. jsy s \,'[aV‘M’t- ‘LVAI;’O{FHMO‘ i.i./.‘/‘)
‘H,o“g i1 x°_< ﬁclx then /l'.ft(/c/f({:))J
i x2 dogx len Iist (might [€)) £

Proot of O (L+1s z\) howndl: descent both
/o/t and right hsfe a /ou‘fj Q'y AR~ af/cmq,
desceat L5t a Pair dnfess termina /.




Katation

(L'S Dkay FS '

o spait (‘) 5 dis PDJL(C> :
rotate

tx'tro\c,{(e.>)‘ extract (c)



y{\-;Po.SQ, (ij‘ /‘D(ASA ip G{le\ /‘nio /67/710" )"‘y/’t
55’\,31‘/7&(’, Qas a,o/p/*eloﬁ-a-ée) 4 Km,m‘:,} Adown hwer
P, anti | sme p reaches its Z

Cxirac‘t/t)i Uuse min ﬂMJ.IGA/?/ AM On
1eFt().p, left()q , right (). p, +i 742 ORE
reew’ on /cfﬁ (t) ar '(7'“ ('t) /fncce::.ca,r/

anl\ recwet JAown a SIU/Q, ‘I‘;Y‘Q,L Pa‘fl.

= o(kgn) time,




extmdt [—CBI
WSt i ava;/aé/c am%;“) -
4. left, P, t, /@{ﬁ.(L ,E. r'j/‘t'ﬁ t., rj7r{i,q 5
recwsse On toledt on imz’f}\t
as /\chisapy

g{{fpc,;e;(@: A ﬁ,f;.'% < f.f,x +len
itd.p# L), o Hen
[dirpose (It (&) 5 JeAt (£) . p = £,p
else <57Mfm-‘1r£c on rjj/rt)
reone Vel
/1,?@\10_ (ﬁ\ . /m;}'\ ﬁ\f Onwin by Jebb or rinl b
) . 74 )
snbeee G* a,opm(and&) Ammﬁ?:\j Ao n D}(@/ fﬂs
u/n‘};/a,éuwﬁllp meels s 4




Broadcast Scheduling

(Lecture by Mike Franklin — research papers)

/m!\
/A\

Server:
> Users

many
data iw Broadcast
channel

(single-item)

One server, many possible items to send.
One broadcast channel.
Users submit requests for items.

Goal: Satisfy users as well as possible, making
decisions on-line.



Abstractions:

All items have the same broadcast time.

Minimize the sum of waiting times?

Scheduling Policies (heuristics)
Greedy = Longest Wait first (LWF):
Send item with largest sum of waiting times.

(vs. number of requests or longest single waiting time)

R xW: Max # requests x longest waiting time

Approximations to R x W




Results of Franklin and others:
LWEF schedules well “in practice” (1n simulations)

but too expensive (linear-time)

This claim used to justify approximations to

R x W, still linear-time but with a smaller

(parameterized) constant.



Questions (for an algorithm guy or gal)

LWF does well compared to what?

= Try a competitive analysis

Can we improve the cost of LWF?

= What data structure?




Parametic Heap

A collection of items, each with an associated
key.

key () =a;x +b; a,,b,reals, x a real-valued parameter

a;= slope, b, = constant

Operations:
make an empty heap h.
insert item i with key ;X + b, into heap h.
find an item i in heap h of minimum key for x = x,,.

delete item i from heap h.



Kinetic Heap

A parametric heap such that successive x-values
of find mins are non-decreasing,.

(Think of x as time.)

X, = largest x so far (current time)

Additional operation:

decrease the key of an item i, replacing it by a key that

is no larger for all x > (next) x,



Broadcast Scheduling via a Kinetic Heap

Max-heap (replace find min by find max,
decrease key by increase key =

change sign of all keys)

Can implement LWF or R x W or any similar policy:
Broadcast decision is find max plus delete
Request is insert (if first) or increase key (if not)

Only find max need be real-time, other ops

can proceed concurrently with broadcasting

Slopes are integers that count requests



What is known about parametric and kinetic heaps?

A key is a line =computational geometry

Equivalent problems:
maintain the lower envelope of a collection of lines
in2D

projective duality

maintain the convex hull of a set of points in 2D
under insertion and deletion

“kinetic” restriction = “sweep line” query constraint




(Seminal) Results
Overmars and van Leeuwen (1981)

Dynamic convex hulls and lower envelopes
in O(log n) time per query,
O(log®n) time per update, worst-case

Basch, Guibas, and Hershberger (1997)

“Kinetic” data structure paradigm

(Much other work: improvements, restrictions, etc.)




Simple Kinetic Heap

A balanced binary tree, with items in leaves
in left-right order by key slope.

The tree is a tournament on items by
current key.

The tree also contains swap times (times
when winning keys change) and is a
tournament on swap times.

O( l)iworst-case)ﬁnd min,

O(log?n) amortized insert/delete

® = # right child winners , Lp‘).\

Combines seminal ideas with our own

Is it practical?



swap time \v L [ min swap time
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A Simple Kinetic Heap



