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We describe three data structures for the priority queue with attrition (or PQA) that perform each PQA operation in O(1)
worst-case time. Previous implementations of the PQA required O(1) amortized time per operation.
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Operationer

Create S=¢Q
Insert(x) S={x}tu{yeS|y<x}
Deletemin m :=min(S); S:=S\{m}; return m




Insert(4) i {1,3,5,6,9} ?

a) {4,5,6,9}

b) {1,3,4,5,6,9}
c) {1,3,4}

d) ved ikke



Lasning: Sorteret Liste

Create S:=)

Insert(x) while (|S|>0 and tail(S)=x) remove_tail(S)
insert_tail(x)

Deletemin return remove head(S)




Lasning: Sorteret Liste

Create S:=)

Insert(x) while (|S|>0 and tail(S)=x) remove_tail(S)
insert_tail(x)

Deletemin return remove head(S)

Saetning
Create, Insert og DeleteMin tager amortiseret O(1) tid

Bevis: ©(S) = |S]. O]




Worst-Case O(1)



Lasning: 4 Lister
Invarianter
1) C, B, D; sorterede
2) maxC<min(BuD; uD,)
3) ICl2 |Dgl+2|D,] IIII
QDDDUHHH________T |

17 2 4+2-5

indseettelsestidspunkt



Hvilken maengde repraesenteres ved:
(1,2,3,4,5,6)(7,10,14)(8,11)(9,8)
C B D D

f r

a) {1,2,3,4,5,6,7,8,8,9,10,11,14}
b) {1,2,3,4,5,6,7,8,8,9}

c) {1,2,3,4,5,6,7,8,9}

d) {1,2,3,4,5,6,7,8}

e) {1,2,3,4,5,6,7,8,8}

f) ved ikke



CREATEPQA = Invarianter
, B, Dy, = ’ ’ ’
C s De=()()()() 1) C,B, D;sorterede

INSERT(x) = 5 C i (BuD. UD
 Detcte ol ciotiog oo 88 3 laeiogeainl
{Delete all existing items; add x to C} e e,

o C9 Bi Df! Dr:=(x)s ( )ﬂ( )!' ( ) 2 "+1 BIlAS
else if C + () cand last(C) > x then
{Empty B, D;, and D,; push back rest(C) into B; add x to D;}
® C, B, D,, D, = (first(C)), rest(C), (x), ( )
© else D, := D_||(x); Bias; Bias

DELETEMIN =
BIAS;
return DELETEFIRST(C) s
{B14as ensures that C # ( ), unless the PQA is empty} _
(3) — ANl _ _

oL




Invarianter
1) C, B, D;sorterede

BIAS = :

2 C< BuD D

3, () then 2) maxCmin 8D, uD)
{Clean-up step} ~— r

if D,+ () cand last(D,) > first(D,) then =1 g .
0 DELETELAST(D;) {decrease | Dy|}

@ else Pass(D,, D) {decrease | D, |; increase | Dy |}
else if D+ ( ) cand (B = ( ) cor first(B) > first(D;)) then
® D, B C=()()ClD {decrease | D;|; increase |C|}

Oelse if B+ ( ) then Pass(B, C) {increase |C|}
{ekeB=Df=Dr=( )}

0 o A @ ®
C=C+D,, B=D,;=0 C+1,B-1

;DDDH I} et ATLIA ‘DDD”[‘ 1l ol ]
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Resultatet af insert(7) pa:
(1,2,3,4,5,6)(7,10,14)(8,11)(9,8)
C B D D,

f

a) (1,2,3,4,5,6)(7,10,14)(8,11)(9,8,7)
b) (1,2,3,4,5,6)(7,10,14)(8,9)(8,7)

c) (1,2,3,4,5,6)(7,10,14)(8)(9,8,7)
d) (1,2,3,4,5,6,7)(10,14)(8)(9,8,7)

e) ved ikke



Saetning
Create, Insert og DeleteMin tager worst-case O(1) tid

Invarianter
1) C, B, D;sorterede —
2) maxC<min(BuD; uD,) _
3) |CI2 |Dy|+2]D,|
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