5216 Program and Dots Reprossrtt o

Uity off Wrghnks Cormputer Soieno=
Spring D0

Lecture 6:
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Data
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Why you should actually
read course syllabi

Expeched Backgrowmd: Either (05101, CS201, and 0S202)

or (C5130 with a B+ or better) or (Instructor Penmission)).

Students entering (5216 are expedted to have Beckground in:
* Programmiing: comlorfzble creating programs thet fill
mare ffan one =creen, and understanding 2md medifying
programes that imeche muliple files. Students should be
familiar with control =structures commenly Tound in popular
languages including dedsion and looping structures, and
be comfortable with procedures and recursive defintions.
» Mathematics and Logic .-
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Schedule Update

» PS3 will be posted before midnight
tomonmow
- Review recursive definitions
- Preparation for Exam 1
- Read Chapter & (skip skip lists, we are
skipping Ch 5 for now)
* Exam 1: out Feb 22, due Feb 27

-Covers PS1-P53, Lectures 1-58 (next
Weds), bock Ch 1-4, 6
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Unordered Data Abstractions

* Our list and tree abstractions have
structure (successor, children, etc.)
but no notion that structure is
associated with values

= What does this mean about the
running time of a lookup ocperation?

Any operation that looks for an element

bazed on element properties must have
running time € Q(N)where Nis = of elements
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Ordered Data Abstractions

» To do better than yv we must be
able to know something about where
an element can be stored based on
its value

- Can find element without locking at all
elemeants
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Dictionary Data Abstraction

» Set of <key, value= pairs
= Operations:

— MakeEmptyDictionary [) Is this
® Returns { 3 enough?

—Insert [l{.- LE E} Is this

add <k, W= o = :
i unambiguous?
— Lockup (K, 5)
w Befurn walue associabed with K in 5
~1If =K, I>w 5, rebum |
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Dictionary Operations

* MakeEmptyDictionary ()
- Returns { }
+ Insert (K, V, 5)
- If LookupiK, S)= A, 8 =8 w (<K, V>
- Otherwise, error
* Lookup (K, 5)
-If <K, k=€ &, return [
- Otherwise return A
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Python's Dictionary Type
We used it in P52 code:

memo = { }

memo = MakeEmplylictionary()
memo[k] = [resU, resy]

Inseri (k, [resl], resV ], value, memao)
memo. hes_ ek

{Lookup (k, mema) = 4)
res = memo[makeKey (U, V)]

res = Lookup (makeKey (11, V), memao)
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Dictionary List Implementation

clemn Bo=rd-
daff _iniC__{acl, i vk
by m K
st dus -y
daff _alr  (w=if:
revburm "2" 4 alrfasl bey]) 47, " 4 alrfaciiwehes) £ 2T

cles Diliomoryl_l-
daf __in__ 5 od’ ot = fonc

daf lookugp o=, =yl
i a=l’,__rmds == Hors: mebarn Rions
wlmm: returm 3=, podie bobup (Key)

daf oot (3, kicy, wdhuc):
o adl,__ ol ww o
a=l__ ot = Delionaryiieds [Aezord (Rey, vehe=l)
w3t e e (A= Ry, vl
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Dictionary Node

léris Dictionaryfiode-
def __init__ (z=il.info):
==, info = infa
e et = Non=

& pr=: key must not Be 2 Key in o=
# post: seil_post = {==iT0]. ....==8T |==H] - 1], velu=}
£ modiie==s nothing
def insert (self, vahee=):

ourrent = ==l

while nat cument.__nesd == Nione:

current = cument._next
ourrent.__nexft = DiclionaryMode [valu=)
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Dictionary Lookup

def lookup (self, key):
if s2if._ info.key == key:
return s2if. info.oalue
else:
if =elf.  next == MNone: return Nons
else: return s=if. nesd.lookup (key)

What is the asymptotic running time?

&(N) where N 15 the number
of dictionary records
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Improving (?) Dictionary

= Order the entnes by key

= Stop looking once you get past a key
that must be after the lookup key

* Costs: More complex code
Insert 15 more expensive?

» Benefits: Faster lockup?
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Lookup

def lookup (self, key):
if self.__info.key == key:
return self.__info.value
elif self. _info.key > key:

return None
alza:
if self.__next == None:
How does retum None
this affect |else:
the running res = self. _ nextlookup (key)
time? returmn res
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Insert

dass DictionaryOrderedli=t:
def insert (self, key, valee=):
rec = DictionaryOrderediode
(Record (key, value])
if sl mode == None: ==I.___nod= = re=c
else:
if k=y < s=lf___node._info_key:
r=c._nexl = s=Ilf__ mode
==|f _ node= = r=c
elge:
==|f.__node.in==ri {Record (key, value=))
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Insert Node Code

F pren sy MUESt not e s ey n sE, ey must not b before 5Ars
T post: seifl_post = Jz=HTDT, sxf[1], ... e |s=sf - 1], walue]
= modes nathing
it Insart [seff, record]:

ourent = seff

assert reoord ey cumsnt o ey

WAllD: ok CUrmanT Nt e [ROME:

I ek, _neset._Info biey > recond. ey

o
ourmani = ouwrenk,_nest Howe l:ll:I-EE
r = Dictioraryioroeradhods (recom] this affect
r._meesl = Jmrent,_rest .
x g t_he running
time?
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EUF'I"H"I"IET"'H"
* Costs:
—Code size increased by 30%
= Benehts:

- No growth difference:
v insert and lookup =mre =till B8

- Some absclute difference:
® Averesge calls bo lookup a non-existent key:

N — N2

More Structure

» Current implementation: each
companson eliminates one element

» Ideal companson implementation:
each comparison eliminates half the
elements

If our companson function has

Boolean output, can't do
better than eliminating half!
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ContinuousTable

# inwarant: Reconds in items are sorted on key by <.
def lcokup{sall, key):

def lockuprang=(items):
if b=n(it=ms) == 0: redurn MNone

if b=n(il=ms) == 1:
if itemres{ 0] key == key: retum items] 0], value=
&lse- returmn None
middl= = b=nlitems) § 2
if Ezy < items{middle=]. key-
retum lcokuprange (fems] :midde])
el
réburm lookuprange (Remsmiddi=:])
retumi lookuprange] ==I.ikzme)
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