
CEOI’2012 Day1, Task: jobs

According to the task description, n (1 ≤ n ≤ 100000) is the number of days the organization performs jobs, m
(1 ≤ m ≤ 1000000) is the number of job requests and d (0 ≤ d < n) is the delay number.
It is not difficult to see that for given k (1 ≤ k ≤ m) we can decide whether the organization can process all jobs
with at most d days of delay having k machines. In other words, whether k is an upper bound of the solution. If
we precompute Cn[x], the number of requests submitted on day x, then the above decision can be done in O(n)
time by a greedy algorithm.
Therefore one can give an algorithm using sequential search of O(m+k ·n) running time, where k is the minimum
number of machines needed to process all jobs with at most d days of delays. Since in the worst case k = m, the
running time of this naive algorithm is O(m · n). Too slow.
We can speed up the above naive algorithm by using binary search. For the binary search the initial lower bound
is 1 and the upper bound is m. We can give better initial lower and upper bound by a greedy method of O(n)
running time.
The worst case running time of this algorithm is O(m+ n · logm).

Implementation

1 #inc lude <s td i o . h>
2 #inc lude <s t d l i b . h>
3 #de f i n e maxN 100001
4 us ing namespace std ;
5 s t r u c t Ce l l {
6 i n t id ; Ce l l ∗ next ;
7 } ;
8 Ce l l ∗ Req [maxN ] ;
9 i n t Cn [maxN] , m, n , d ;
10
11 bool Test ( i n t k ){
12 i n t dd=1, r=0;
13 f o r ( i n t x=1;x<=n ; x++){
14 i f (Cn [ x]==0) cont inue ;
15 i f (dd<x−d){dd=x−d ; r=0;}
16 dd+=(Cn [ x]+r )/k ;
17 r=(Cn [ x]+r)%k ;
18 i f (dd>x+1 | | dd==x+1 && r>0) return f a l s e ;
19 }
20 return true ;
21 }
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22 i n t main ( ) {
23 i n t a ; i n t r=0, s o l =0, l e f t =1;
24 Ce l l ∗ p , ∗pp ;
25 s can f ( "%d␣%d␣%d",&n , &d , &m) ;
26 f o r ( i n t x=1; x<=n ; x++) {
27 Req [ x]=NULL; Cn [ x ]=0;
28 }
29 f o r ( i n t i =1; i<=m; i++) {
30 s can f ( "%d",&a ) ; a+=d ;
31 p = new Ce l l ;
32 p−>id=i ; p−>next=Req [ a ] ;
33 Req [ a]=p ; Cn [ a ]++;
34 }
35 // computing lower and upper bound f o r the binary search
36 f o r ( i n t x=1; x<=n ; x++) {
37 i f (Cn [ x]==0){
38 i f ( r<=d) r++;
39 } e l s e {
40 i f ( (Cn [ x]+d )/( d+1)> l e f t ) l e f t =(Cn [ x]+d )/( d+1);
41 i f ( r∗ so l>=Cn[ x ] ) {
42 r−=(Cn [ x]+ so l −1)/ s o l ; r++;
43 } e l s e {
44 s o l+=(Cn [ x]− r∗ s o l+d )/( d+1); r=1;
45 }
46 }
47 }// l e f t=lower , s o l=upper bound f o r s o l u t i o n
48 i n t m;
49 whi le ( l e f t <s o l ){
50 m=( l e f t+s o l ) / 2 ;
51 i f ( Test (m) )
52 s o l=m;
53 e l s e
54 l e f t=m+1;
55 }
56 p r i n t f ( "%d\n" , s o l ) ;
57 i n t dc=1, dd=1, x=1; p=Req [ 1 ] ;
58 whi le (dd<=n) {
59 i f (p==NULL){
60 x++;
61 whi le (x<=n && Req [ x]==NULL) x++;
62 i f (x>n) break ;
63 p=Req [ x ] ;
64 }
65 i f (dd<x−d) {
66 p r i n t f ( "0\n" ) ;
67 dd++; dc=1;
68 } e l s e {
69 p r i n t f ( "%d␣" ,p−>id ) ;
70 p=p−>next ;
71 i f (++dc>s o l ){
72 dc=1; dd++;
73 p r i n t f ( "0\n" ) ;
74 }
75 }
76 }//
77 i f ( dc>1) { dd++; p r i n t f ( "0\n" ) ; }
78 whi le (dd++<=n) p r i n t f ( "0\n" ) ;
79 return 0 ;
80 }
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