PERSISTENT DATA STRUCTURES

Muxaunn bendes
3 pekabps 2015

1/29



MUTABLE VS IMMUTABLE

- I3meHsaeMmble CTPYKTYpbl AaHHbIX: CKPbITOE U3MEeHsieMoe
CoCTOsAAHMe

- Mo3BONAT 0YEeHb BbICTPbIE ANFOPUTMbI
- MpocTbl (?)

- HeunsmeHsiemble CTPYKTYPbl JaHHbIX: HUKAKMX BHYTPEHHUX
V3MEHEHWI CTPYKTYPbI, KaXKA0e U3MeHeHVe CO3aaeT
HOBbIN 3K3EeMNNNApP

- MeHblUe Npo6ieM B HaxoXAeHUN OLWN60K

- Jlyywas paboTa B napaniefibHoOM OKPYXeHnK
- CNOXHOCTb peanusauunu

B uncto dyHKLMOHANBbHOW NpOrpamme BCe CTPYKTYPbl AaHHbIX
HeusmeHsemble.
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NCNONb30BAHUE CTPYKTYPbl JAHHbIX

- JdemepHoe
- CTaHAapTHOEe MCNOMNb30BaHME — U3MEHEHME Ha MecTe
nnbo nepegava B MYHKLMUM
+ [lepcncrteHTHoe

- MepCUCTEHTHOCTb — CMOCOBHOCTb COCTOSTHUA KTMEePeXUTb
CBOEro co3aaTens»
B npuMeHeHun K CTPYKTYpaM aHHbIX — BO3MOXHOCTb
CTPYKTYPbI JaHHbIX CYLIECTBOBATb B HECKOMbKMX
COCTOAHUAX OAHOBPEMEHHO

3auem NepcuCcTeHTHOE UCMOMb30BaHME MOXET BbiTb HYXKHO?
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PEANU3ALNA MEPCUCTEHTHOIO UCMONb30BAHUNSA HA MPAKTUKE

- Kak ncnonb3oBaTb NEPCUCTEHTHO N3MEHSEMYIO CTPYKTYpY
JAHHbIX?

- Kak ncnonb3oBaTb NEPCUCTEHTHO HEN3MEHSAEMYIO
CTPYKTYPY OAaHHbIX?

429



MPUMEP NEPCUCTEHTHOW CTPYKTYPbI IAHHbBIX — CINCOK

[a,b,c,d,el
x:(tail 1st0)

1st0
1stl
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MPUMEP NEPCUCTEHTHOW CTPYKTYPbI IAHHbBIX — CINCOK

[a,b,c,d,el
x:(tail 1st0)

1st0
1stl

MoxeTe N1 Bbl NPUBECTU NPUMep onepaLuy, Npu KOTOPon BCE
6yneT He Tak pafyXHo?
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OYEPE/[b C MPEABIAYLLENA NEKLUN

discard q = q' where (q’', _) = dequeue q
que® = Queue ...

quel = discard $ discard $ que® ‘enqueue‘’ b ‘enqueue’ a
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OYEPE/[b C MPEABIAYLLENA NEKLUN

discard q = q' where (q’', _) = dequeue q
que® = Queue ...

quel = discard $ discard $ discard $ que0®

[]

Y
(9]
Y
Q.
Y
(1]
Y
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ZIPPER

- TUNWYHOE NCNONb30BAHME CBA3HOrO CNMCKA B
MMMNepaTUBHOM NPOrpaMMUPOBaHNM — BCTaBKa/ynaneHue
MHOXECTBA 31eMEHTOB B Kakyto-TO TOUKY B cepeanHe

- B @My Bac TakOW BO3MOXHOCTU HET

- Coenatb 3T0 3PMEKTUBHO, HE MEHASA CTPYKTYPY AaHHbIX
(CMMCOK) HEBO3MOXHO
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ZIPPER: UAESA

[] ar—~>b—c—ld—>e—f—g—ll]
[J«laj«bl«c d—le —>f —g—l]
[J« lal« b« cled<«ie<«f g —[]
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ZIPPER: PEANTN3ALMNA

data Zipper a = Zipper [a] [al]

fromList 1st = Zipper [] 1lst

goRight za(Zipper _ [1) = z

goRight (Zipper 1 (rh:rt)) = Zipper (rh:1) rt
golLeft za(zipper [] ) = z

goLeft (Zipper (lh:1t) r) = Zipper 1t (lh:r)
putRight x (Zipper 1 r) = Zipper 1 (x:r)
putLeft x (Zipper 1 r) = Zipper (x:1) r
removeRight (Zipper 1 (_:rt)) = Zipper 1 rt
removeleft (Zipper (_:1t) r) = Zipper 1t r
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ZIPPER: XAPAKTEPUCTUKW

-+ MOXHO MoKasaTb, UTO BCE OnepaLum, KoTopble nmMeny
CnoxHocTb O(1) y 06bIYHOrO CNKCKA, UMEIOT
aMOPTU3UPOBAHHYI CNOXHOCTb O(1) y 3unnepa

- 3unnep 3T0 NepPCUCTEHTHAA CTPYKTYPa JaHHbIX

- 3unnep MOXHO OMpPeaenuTb 718 OUYeHb MHOTUX CTPYKTYP
AAHHbIX
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MEPCUCTEHTHbIN 3UMNMEP

zip0 = ...
zipl = removeRight $ putlLeft x zip®

zip2 = goRight zipl
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BUHAPHbBIE AEPEBbA MOUCKA

- Mepeco3aanTca TONbKO BEPLIMHbI MO MyTH K
M3MeHAEMOMY 31eMeHTy (ecnu nHoro He TpebyeT
NPOTOKON GANAHCUPOBKM)
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KPACHO-YEPHOE OEPEBO

- OQ4HO 13 CaMblX M3BECTHbIX CaMobHaiaHCKPyOLLNXCA
LlepeBbeB noucka

- BepwwuHbl MerT ABa LBETa, NUCTbA BCEraa YEPHbIe

+ VIHBapumaHTbI:

- KpacHas BepuwHa He MOXeT MMeTb KPaCHbIX neten

- Bce nyTu OT KOPHA A0 NMCTA COAePXaT OAMHAKOBOE
KONMUYECTBO YEPHbIX BepLNH

14/29



KPACHO-HEPHOEAEPEBO:PEAﬂM3AuMﬂ

data Color = R | B
data RBTree a = E | RBTree Color (RBTree a) a (RBTree a)
member x E = False

True

member x (RBTree _ 1 v r) | x == v
member x (RBTree _ L vr) | x < v = member x 1

member x r

member x (RBTree _ 1 v r) | otherwise
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KPACHO-HEPHOEAEPEBO:PEAﬂM3AuMﬂ

insert x E =
RBTree B a y b
where (RBTree _ a y b) = ins s
ins E = RBTree R E x E
ins s@(RBTree c a y b)

x
1]
1]

<
n
wn

|
ins (RBTree c a y b) |

X <y
balance ¢ (ins a) y b

ins (RBTree c a y b) | x >y

balance c a y (ins b)
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KPACHO-HEPHOEAEPEBO:PEAﬂM3AuMﬂ

balance B (RBTree R (RBTree R a x b) y c) z d =
RBTree R (RBTree B a x b) y (RBTree B ¢ z d)
balance B (RBTree R a x (RBTree R by c)) z d =
RBTree R (RBTree B a x b) y (RBTree B ¢ z d)
balance B a x (RBTree R (RBTree R by ¢) z d) =
RBTree R (RBTree B a x b) y (RBTree B ¢ z d)
balance B a x (RBTree R b y (RBTree R c z d)) =
RBTree R (RBTree B a x b) y (RBTree B c z d)

balance color left value right = RBTree color left value right
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Xun, KY4A Ui NNPAMUAA

- CTPYKTYpa AaHHbIX C KOHCTAHTHbIM AOCTYMOM K
MUHVUMANbHOMY 3/TEMEHTY

- O6bIUHO peanusyeTcs Kak fepeso (KoTopoe, B CBOO
oyepefb, MOXET 6bITb YNAKOBAHO B MACCKB)

- lepeBo obnagaeT heap property — aeTu Bceraa 6onblue
CBOVX poauTenen
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JIEBOCTOPOHHSAA KYUA

- buHapHoe nepesBo

- PaHr neBoro pebeHka Bcerga 60nblie AN paBeH paHry
NpPaBoro pebeHka

« PaHr 3710 AnviHa npasol xopdsl (Camoro Npasoro nyTu 4o
nnucra)

- lpoue BCero xpaHuTb paHr NPAMO B Aepese
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JIEBOCTOPOHHSAA KYUA

data Heap a = E | Heap Integer a (Heap a) (Heap
rank (Heap r _ _ ) =r
rank E = 0

makeHeap x a b | rank a > rank b = Heap (rank b

| rank b > rank a = Heap (rank a
merge h E = h
merge E h = h
merge lh@(Heap _ 1v 11 1r) rha(Heap _ rv rl rr)
if (rv > 1v)
then makeHeap 1v 11 (merge 1r rh)

else makeHeap rv rl (merge 1lh rr)

a)

+

1) x a b
+ 1) x b a
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JIEBOCTOPOHHSAA KYUA

insert x h = merge (Heap 1 x E E) h
findMin (Heap _ x _ _) = X

deleteMin (Heap _ _ a b) = merge a b
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tree® = Heap ...
treel = f ‘insert’ tree0d

a a
=
b C C
¥ X ¥ X
e i h d||d
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JIEPEBO OTPE3KOB (CEI'MEHTHOE ,CI,EPEBO)

- 3apaHee cb6anaHCcMpoBaHHOE BUHAPHOE AepPeBo

- CTpyKTypa AaHHbIX, ONUCbIBAOLLAs AaHHble HAa 3aJaHHOM
NPOMEeXyTKe

- Mo3BongeT genatb 3anpochbl BUAA «KMUHUMYM Ha OTPE3Ke»
3a norapugm

- MUHUMYM HYXKHO XPaHUTb B KaXK0OM y3ne
- BMeCcTo MUHMMYMa MOXHO CYMTaTb N06YI0
accoyuamueHyto onepaumio
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JIEPEBO OTPE3KOB

2|13|14]15]16]|7

1

0
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JIEPEBO OTPE3KOB

data SegTree a = Leaf a | SegTree a (SegTree a) (SegTree a)
data SegRange a = SegRange Integer Integer (SegTree a)
value (Leaf a) = a
value (SegTree a _ _) = a
set 1 x r = let SegRange min max tree = r
avg' = avg min max
in

SegRange min max $ set’ i x min avg’ max tree
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JIEPEBO OTPE3KOB

set’ i x min avg max (Leaf _) = Leaf x
set’ i x min avg max (SegTree a L r) | i < avg =
let newAvg = (avg - min)/2
1’ = set’ i x min newAvg avg 1
v’ f (value 1’') (value r)

in SegTree v' 1’ r

set’ i x min avg max (SegTree a 1 r) | i >= avg =
let newAvg = (max - avg - 1)/2
r’ = set’ i x (avg + 1) newAvg max r
v’ = f (value 1) (value r’)

in SegTree v' 1 r’
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MPOMEXXYTOUHbIN UTOT

- PaccmoTpeHo 60Mbloe KONMYEeCTBO NePCUCTEHTHbIX
CTPYKTYP OaHHbIX
+ [1epCUCTEeHTHOCTb NO3BOMAET:

© YMEHbLWMWNTb CIOXHOCTb MO NamATK
+ icnonb3oBaTh flaHHble B MePCUCTEHTHOM pexunme
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BOMNPOC CNOXHOCTH

- AMOPTM3MPOBAHHAA CNOXHOCTb PAbOTAET 3a CUET
«HAKOMMeHUs» pe3epBoB B CTPYKType

- Ecnwv cTpyKTypy MOXHO «6eCcnnaTHO» KOMMpPOoBaTb, YTO C
HaKOM/TIeHHbIMW pe3epBamun’?
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BOMNPOC CNOXHOCTH

- AMOPTM3MPOBAHHAA CNOXHOCTb PAbOTAET 3a CUET
«HAKOMMeHUs» pe3epBoB B CTPYKType

- Ecnu CTpyKTypy MOXHO «HecnnaTtHo» KOMMPOBaThb, UTO C
HaKOM/TIeHHbIMW pe3epBamun’?

+ K coxaneHuto, NepCuCcTeHTHOE UCMONb30BaHMe nomaet
dMOPTU3NPOBAHHYHO CITOXHOCTb
. MHOEﬂaﬂeHMBMeBbMMCﬂeHMHHO3BOHHDT3TOO6OMTM
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