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Bin-Packing 问题
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Bin-Packing 问题
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两个不同的“balls”

相对于一
个kernel
(子问题)

相对于可
行解的限
制条件
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Dual Approximation Algorithm

 h-dual polynomial-time approximation scheme 
(h-dual PTAS for U)

 h-dual fully polynomial-time approximation 
scheme (h-dual FPTAS for U)
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Dual Approximation Algorithms
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 这节最终目标是求解MS，你能解释整体思路吗？

dual PTAS for BIN-P

PTAS for MS

DPB-P for BIN-P

h-dual PTAS for BIN-Pε

h-dual PTAS for BIN-P



dual PTAS for BIN-P (1)
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你能解释动态规划的递归式吗？



dual PTAS for BIN-P (2)
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你能解释算法4.3.6.1及其时间复杂度吗？



Bin-Packing 问题

to be relaxed
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dual PTAS for BIN-P (3)
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 你能解释算法4.3.6.2吗？它对输入做了怎样的处理？

 它为什么是Bin-Pε的h-dual ε-近似算法？

将这些输入划
分（转变）为
s个区间。

将该区间的下
界作为此区间
中的所有值。



BP-PTAε是一个h-dual ε–近似算法
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BP-PTAε的解一定优于最优解
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𝑞𝑞𝑗𝑗 ≤ 1 + 𝜀𝜀
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要甩掉ε



dual PTAS for BIN-P (4)
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 你能解释算法4.3.6.4吗？对输入做了怎样的处理？

 它为什么是BIN-P的h-dual PTAS？
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PTAS for MS（1）
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 BIN-P和MS是如何相互转化的？

解MS的基本思路？

1
2
3
4

d=6

m=4



此算法代价
最大的部分，
执行常量次
Bin-PTAS。

example 4.2.1.2
(书上4.3.4.14印错了）

PTAS for MS（2）



本节的来源
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 Dorit S. Hochbaum, David B. Shmoys. Using Dual 
Approximation Algorithms for Scheduling Problems: 
Theoretical and Practical Results. Journal of the ACM, 
34(1):144—162, 1987.
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Greedy is good

Bin-Packing 问题
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 Next Fit (Decreasing)
 If the item fits in the same bin as the previous item, 

put it there. Otherwise, open a new bin and put it in 
there.

 First Fit (Decreasing)
 Put each item as you come to it into the oldest 

(earliest opened) bin into which it fits.
 Worst Fit (Decreasing)
 Put each item into the emptiest bin among those with 

something in them. Only start a new bin if the item 
doesn't fit into any bin that's already been started. 

FFD

Bin-Packing 问题
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No approximation algorithm having a 
guarantee of 3/2.
Reduction from the set partition, an NP-complete 

problem.
 Set Partition
Whether a given multiset S of positive integers 

can be partitioned into two subsets S1 and S2 such 
that the sum of the numbers in S1 equals the sum 
of the numbers in S2.

Bin-Packing 问题



BIN-P和MS
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一维装箱问题：将(0,1]容量的物品放到单
位大小的bin中，优化(最小化)bin数目
离线（Offline）
 Opt + O(log Opt)、11/9Opt+6/9

在线（Online）
 5/3Opt

多维装箱问题
二维（几何装箱）、多维

MS  PDm||Obj
MS: PDm||Cmax
PDm||∑wjCj

 [BIN-P] Henrik I. Christensen, Arindam Khan, Sebastian 
Pokutta, and Prasad Tetali. Approximation and online 
algorithms for multidimensional bin packing: A survey. 
Computer Science Review, 24, 2017.

 [MS] Gerhard J Woeginger. The open shop scheduling 
problem. LIPIcs-Leibniz International Proceedings in 
Informatics, volume 96. Schloss Dagstuhl-Leibniz-Zentrum
fuer Informatik, 2018.



近似算法小结
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近似算法的分类
 FPTAS：(S)KP
 PTAS：Euc-TSP、MS
常数近似：MIN-VCP、MAX-SAT、Δ-TSP
 log函数近似：SCP
多项式函数近似：TSP、MAX-CL

近似算法的稳定性

对偶近似算法



求解难问题的方法
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你还记得这些方法吗？它们的要点分别
是什么？
伪多项式

分支限界

局部搜索

松弛算法

贪心策略
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