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A Brief History of TimSort

Our contributions are written in blue.

Analysis of TimSort Algorithm

eNRS | Nicolas Auger, Vincent Jugé, Cyril Nicaud, Carine Pivoteau
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bug uncovered! [1] .........................

Python — certified fix ------------ O(nlogn) running time proved [2]
Java — custom fix

- new bug in Java! [3]

- invented by Tim Peters - used in Android — refined analysis: O(n +nH)
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TimSort Principle

Natural decomposition of a sequence into maximal monotonic runs:
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Algorithm

oet a run decomposition of the initial sequence
start with an empty stack

while the run decomposition is not empty do

take the next run and push it onto the stack
while this is possible do

apply one of the merge rules

while the stack has more than 1 element do
merge the two topmost runs
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Example of stack evolution for runs of length 24, 18, 50, 28, 20, 6, 4, &8, 1:
(stack values represent run lengths) #1
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Results

13 years after its announcement by Tim Peters, we obtained the first
proof of its worst-case running time:

Theorem [2, 3|: TimSort runs in O(nlogn) time.

By design TimSort is well suited for partially sorted data. It falls
into the adaptive sort family. Taking the number of runs p as a
(natural) parameter for a refined analysis we obtained:

Theorem [3]: TimSort runs in O(n + nlog p) time.

Going tfurther, we introduce the notion of entropy H to take the vari-
ations in run lengths into account, defined by:

I )

Theorem [3]: TimSort runs in O(n + nH) time.
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+ * Thank to Stijn de Gouw, Jurriaan Rot, Frank S. de Boer,
+ * Richard Bubel and Reiner Hahnle, this is fixed with respect to
+ * the analysis in "On the Worst-Case Complexity of TimSort" by bn O(N In(V)). Dans le meilleur cas, qui survient par exemple si la liste est déja triée, la
+ * Nicolas Auger, Vincent Jug, Cyril Nicaud, and Carine Pivoteau.
x/ ent linéaire en la taille de I'entrée.
private void mergeCollapse() {
. . S
WHEESR(BEacksTze 1) { ANTS [ modifier | modifier le code |
int n = stackSize - 2; a
if (n > 0 && runLen[n-1] <= runLen[n] + runLen[n+1]) { melles, et pl.us‘f preqse_mem Iout'|l KeY  que Ia.formulatlon |n|I‘|aIe de Iélgorlthme ne. | |
o if (n > 0 && runLen[n-1] <= runLen[n] + runLen[n+l] || hug n'a pas été |ug;3 critique car il ne concernait que des entrées de tailles bien supérieures a
r n > 1 && runLen[n-2] <= runlLen[n] + runLen[n-1]) { prrige rapidement ".
if (runLen[n - 1] < runLen[n + 1])
n--;
mergeAt (n);
} else if (runLen[n] <= runlLen[n + 1]) {
mergeAt (n); rt" in java.util. Arrays.sort with timsort » & [archive] (consulté le 30 novembre 2015)
} else { itil. TimSort<T= = @ [archive], sur Documentation Android (consulté le 30 novembre 2015)
+ } else if (n < 0 || runLen[n] > runLen[n + 1]) { fercurial d'Octave (consuké le 30 novembre 2015)
. . . b
break; // Invariant is established )
b algorithm is broken (and showing how to fix it) » & [archive]
} msort's merge_collapse » &7 [archive)
+ mergeAt(n)-

Bibliographie | modifier | modifier le code |

+ (en) Nicolas Auger, Cyril Nicaud et Carine Pivoteau, Merge Strategies: from Merge Sort to TimSort [« Stratégies de fusion : du tri-fusion a
Timsort »], 2015 (lire en ligne @ [archive])

« (en) Nicolas Auger, Vincent Jugé, Cyril Nicaud et Carine Pivoteau, « On the Worst-Case Complexlty of TimSort », dans 26th Annual European
Symposium on Algorithms (ESA) 2018, Helsinki, Leibniz-Zentrum fuer Informatik, 2018 (DO 1 0/LIPIc: 018.4, arXiv 1805.08612, lir
ligne @ [archive]), P. 4:1-4:13.

SOur in-depth analysis of the algorithm enabled us to produce a bug
in Java sorting! It was fixed within a few weeks after we reported it.
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