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TIMSORT

e Tim Peters (2002)
http://bugs.python.org/file4451/timsort.txt

e Python 2.3, Java SE 7, Android 1.5

e B peasbHBIX CHTyaIlUsIX MAaCCUBLI JAHHBIX 9acTO COJEpPIKAT
B cebe ynopsa 09eHHbIe 10 IMACCUBEL.

e Ucnosnbayer (MoaudunupoBanyio) npoleypy CIusiHUs,
CYTb aJIOPUTMa - B KAKOM IOPAJIKE BBLIIOJHATDL CAUSHUE.
Xo4ercsa caMBaTh MaCCUBBLI GIM3KOIO pasMepa.

e OrcoprupoBaHHBIE KYCKA XPAHUM B CTEKE, ITOJIJIePKUBAasI
HEKOTOPBIE YCJIOBHs (MHBAPHAHT).

o ['ubpumaubiit agropur™m: Hebosbme moaMaccuBbl
COPTUPYIOTCST BCTABKAMH.


http://bugs.python.org/file4451/timsort.txt

TIMSORT: KOPPEKTHOCTDL AJITOPUTMA

Deppaib 2015: obHapy»KeHa ommbka (MHBAPUAHT AJATOPUTMa He
COOJTIOMAJICS, YTO TIPUBOJMIIO K MEPEIIOJIHEHUIO CTEKA)

S. de Gouw, J. Rot, F. de Boer, R. Bubel, R. Hahnle:
Proving that Android’s, Java’s and Python’s sorting algorithm is broken

(and showing how to fix it)

[Tpenoxkeno nBa BapuaHTa NUCIPABJICHU
https://bugs.openjdk. java.net/browse/JDK-8072909
1) Ucnpasuts J0oruky Tak, 9To0bl HHBAPHAHT COOJIIONAJICS
2) ¥YBeqn4uTh pasMep CTeKa

Python: ucnipassieno o Bapuanty 1
Java: ucnpaBiieHO 110 BapuaHTy 2


http://www.envisage-project.eu/proving-android-java-and-python-sorting-algorithm-is-broken-and-how-to-fix-it/
http://www.envisage-project.eu/proving-android-java-and-python-sorting-algorithm-is-broken-and-how-to-fix-it/
https://bugs.openjdk.java.net/browse/JDK-8072909

TIMSORT: KOPPEKTHOCTb U CJIOYKHOCTb

Maii 2018: BapuanT ucnpajierus, BLIOpaHHBIH B Java -
HEeKOppeKTHbIi (B pabore 2015 roja Gbuia ommoKa).

N. Auger, C. Nicaud, C. Pivoteau, On the Worst-Case Complexity of
TimSort. https://arxiv.org/pdf/1805.08612.pdf

https://bugs.openjdk. java.net/browse/JDK-8203864

B sToit ke paboTe m0KazaHO, UTO CJIOYKHOCTH aJrOPUTMA
O(nlogn) u naxe O(n + nlog p): Timsort — aganTuBHbII
asropurm! Takxke Beger cebst Natural MergeSort (Kuyt, 1.3).

http://www-igm.univ-mlv.fr/~juge/slides/poster/ligm-2019.pdf


https://arxiv.org/pdf/1805.08612.pdf
https://bugs.openjdk.java.net/browse/JDK-8203864
http://www-igm.univ-mlv.fr/~juge/slides/poster/ligm-2019.pdf

TIMSORT: «RUN»

a1 <ag <az<...<ap

a1 > a2 >ag > ...> Gp

Bri6upaem uncsio minrun € [32,64) rak, 9yro6sl N/minrun
0Ka3aJI0Ch CTENEHBIO JBOMKN UM HEMHOTO MEHBIIIE.

[Tpumep: N = 2112
minrun = 32 — mwioxoit (2112 = 66 x 32),
minrun = 33 — xopommii (2112 = 64 x 33).

int r = 0; // Becomes 1 if any 1 bits are shifted off
while (n >= minrun) { r |= (n & 1); n >>=1; }
return n + r;




TIMSORT: OBIIASI CXEMA

OmpenesnsieM minrun, TeKyInas MO3UIUs = 1
Haxomum run, HaunHAOMNICS ¢ TEKYIEH TO3UITIN
Eciu run ybbiBaromumii — mepeBopadinBaeM

N =

Eciu run xkopoue minrun — JIOHOJIHSIEM U COPTUPYEM
BCTaBKaMU

o

Hobasisiem B cTek (HavYasIo 1o/MaccuBa, JJIMHA)

6. IIpoBepsieM yc/IOBMS MHBAPHUAHTA, €CJIM HAPYIIEHBI —
BBIIIOJIHSIEM CJIUsTHUE (CM. CJIeJl. CJIadi)

7. Ecan He momim 10 KOHIA MaCcCHBa, — MEPEXOINM K 2

8. CamBaeM IOIMACCUBBI, XPAHSIIAECS B CTEKe



TIMSORT: CTEK

[ Z ] V+Z
_—

e X >Y+ 7

oY >/
Ecm X <Y + Z — cauBaeMm Y ¢ MmunuMaabpabiM u3 X u Z.
EcmY < Z —camuBaem Y ¢ Z.



TIMSORT: CTEK

[Ipu cobmofennn nHBapUaHTA:
e Pasmepbl KyCKOB, XpaHSIINXCS B CTEKE PACTYT: 73 < Tj41

e Pacryr 6bicTpee uncen Oubonagaau: r; + ri41 < Tt

T > 1T
rg > 11+ 19 > 21
T4 > T+ 13 > 3
rs > 13+ 14 > 051

um (Jpyroe paccyzKieHue):
Tit2 > T+ i1 > 2r;

T.€. CKOPOCTb POCTA, — 3KCIIOHEHIUAIbHAS

o CrenoBarensno, Beicora creka O(logn)



TIMSORT: CJIUSHUE

CHI/IHHI/IQ BCer'la BLIIIOJIHAECTCA IJisd COCCJHUX ITOIMaCCHUBOB.

CoznaeM BpeMeHHBINT MACCUB, pa3Mep KOTOPOTO PaBEH pas3Mepy
MEHBIIIEr0 U3 CJANBAEMBIX ITOMAcCHBOB. MeHbiumii u3
[IOMACCHBOB KOIIMPYEM BO BPEMEHHBI MaCCHUB.



TIMSORT: PEXKUM «T'AJIOTTA>

Still without loss of generality, assume A is the shorter run. In
galloping mode, we first look for A[0] in B. We do this via
“galloping’’ comparing A[0] in turn to B[0], B[1], B[3], B[7],

., B[2*%xj - 1], ..., until finding the k such that B[2x*(k-1) -
1] < A[0] <= B[2#xk - 1]. This takes at most roughly 1lg(B)
comparisons, and, unlike a straight binary search, favors finding
the right spot early in B (more on that later).

After finding such a k, the region of uncertainty is reduced to
2x*(k-1) - 1 consecutive elements, and a straight binary search
requires exactly k-1 additional comparisons to nail it. Then we
copy all the B’s up to that point in one chunk, and then copy
A[0]. Note that no matter where A[0] belongs in B, the
combination of galloping + binary search finds it in no more than
about 2*1g(B) comparisons.

If we did a straight binary search, we could find it in no more
than ceiling(lg(B+1)) comparisons - but straight binary search
takes that many comparisons no matter where A[0] belongs.
Straight binary search thus loses to galloping unless the run is
quite long, and we simply can’t guess whether it is in advance.



TIMSORT

[ SR VR

N o

(S

N

. PEAJIN3AIIUSA B PYTHON 3.6.5

Algorithm 1: TIMSORT

Input: A sequence S to sort
[Result: The sequence S is sorted into a single run

runs < a run decomposition of S

R < an empty stack

while runs # ) do // main loop of TIMSORT
remove a run 7 from runs and push r onto R
merge_collapse(R)

if h # 1 then
L merge_force_collapse(R)

Algorithm 2: merge_collapse

Input: A stack of runs R
Result: The invariant is established
while A > 1 do
if (h>2 and r3<ro+ry) or (h>3 and r4y <73+ 12)
then
if 73 < ry then merge(Rs, R3)
else merge(Ri, R2)
else if r, < ry then merge(R;, R2)
else break




TIMSORT: IIEPE©®OPMYJ/IMPOBKA

Algorithm 3: TIMSORT: translation of Alg. 1 and Alg. 2

Input: A sequence to S to sort
[Result: The sequence S is sorted into a single run
[Note: h = height of the stack R
R; = i*" top-most run in the stack R
; = the size of R;.

1 runs < the run decomposition of S
2 [R < an empty stack
3 while runs # () do // main loop of TIMSORT
4 remove a run r from runs and push r onto R // #1
5 while true do
6 if h >3 and r; > r3 then merge(R2, R3) // #2
7 else if h > 2 and r1 > ro then merge(Ri, R2) // #3
8 else if h >3 and ri1 + r2 > r3 then merge(R1, Rs) // #4
9 else if h >4 and ry +r3 > r4 then merge(R1, R2) // #5
10 else break
11 while h # 1 do merge(R1, R2)




TIMSORT: CJIOKHOCTB

Teopema. Ilycts C — MHOXKECTBO MACCHBOB JJIMHBI 7, COCTOSIIINX 13
runs JUIMH 71, . . ., 7,. Beegem dynkmuio surponnu Ilennona

H(py,...,p,) = szlogpz

unycrs H = H(ri/n,...,7,/n). Bpems paborst anropurma Timsort ma
maccuBax u3 C pasuo O(n + nH).

Caencteue. H < log p, T.e. Bpems paborsr anropurma Timsort Ha
maccuBax u3 C pasuo O(n + np), u crenosarensHo, O(nlogn).

IIpennoxxkenue. /st 11006010 IeTEPMEHIPOBAHHOTO aJTOPUTMA
COPTHPOBKH CPABHEHUEM HANWJETC MaccuBa u3 MHOXKecTBa C, Ha
KOTOpPOM TI0TpebyeTcst, 1o KpaitHeit mepe, nH — 3n cpaBHEHWUIA.



JloKa3aTeabCTBO CJIEICTBHUSA: HAJ0 HoKa3aTh, uTo H < log p.
QOyukuns [ : x — —zIn(z) BorayTa Ha Rg, T.X. f(2) = —1/2 < 0.
Ilockomeky p; > 0mp1 + ... +p, =1, TO

p

H(py,..,pp) = Y f(pi)/ In(2) < pf(1/p)/ In(2) = log p.

i=1



