
















Feature I-DP Tiled I-DP R-DP

Cache-efficiency

Cache-obliviousness

Cache-adaptivity NA

Higher parallelism *

Highly optimizable kernels NA

Energy efficiency

Bandwidth efficiency







How can I efficiently evaluate my
heat diffusion DP recurrence?

How can I efficiently evaluate my
asset pricing DP recurrence?

How can I efficiently evaluate my
protein folding DP recurrence?













Problem

Iterative DP Recursive D&C DP

Serial cache 
complexity

Parallelism
Serial cache 
complexity

Parallelism

Parenthesis problem
Θ 𝑛3 Θ 𝑛

Θ 𝑛3/ 𝐵 𝑀

Θ 𝑛3−log 3
Gap problem

Floyd-Warshall's APSP

Θ 𝑛3/𝐵

Θ 𝑛2/ log 𝑛 Θ 𝑛2/log2𝑛

Protein folding
Θ 𝑛

Θ 𝑛2/ log 𝑛

Function approximation Θ 𝑛3−log 3

Matrix multiplication*
Θ 𝑛2 Θ 𝑛2

Multi-instance Viterbi Θ 𝑛3𝑡/𝐵 Θ 𝑛3𝑡/ 𝐵 𝑀

LCS / edit distance 

Θ 𝑛2/𝐵

Θ 𝑛

Θ 𝑛2/ 𝐵𝑀

Θ 𝑛2−log 3
Spoken word recognition

Binomial coefficient

Bitonic TSP

Bubble sort*

Θ 1
Θ 𝑛

Selection sort*

Insertion sort* Θ 𝑛2−log 3







Feature Iterative Wave Tiled Wave Recursive DP
Recursive
Wave DP

Cache-efficiency

Cache-obliviousness

Cache-adaptivity NA

Higher parallelism *

Highly optimizable kernels NA

Energy efficiency

Bandwidth efficiency
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Work-stealing
scheduler

Modified space-bounded
scheduler

Span, 𝑇∞ 𝑛 Θ 𝑁∞
𝑛

𝑛′
𝑂 log 𝑛 + 𝑇∞

𝑅(𝑛′) Θ 𝑁∞
𝑛

𝑀1/𝑘
𝑂 log𝑛 + 𝑇∞

𝑅(𝑀1/𝑘)

Parallel time, 𝑇𝑝 𝑛 w.r.t 𝑛 𝑂
𝑇1 𝑛

𝑝
+ 𝑇∞ 𝑛 𝑂

𝑇1 𝑛

𝑝
+ 𝑇∞ 𝑛

Serial cache complexity, 𝑄1 𝑛 𝑄1
𝑅(𝑛) 𝑄1

𝑅(𝑛)

Parallel cache complexity, 𝑄𝑝 𝑛 w.r.t 𝑛 𝑂 𝑄1 𝑛 + 𝑝
𝑀

𝐵
𝑇∞ 𝑛 𝑂 𝑄1 𝑛

Extra space, 𝑆𝑝 𝑛 𝑂 𝑝 log 𝑛 𝑂 𝑝 log𝑛

Assumptions 𝑇∞ 𝑛′ = Ω log𝑛 , 𝑛′ ≥ 𝑀1/𝑘 𝑇∞ 𝑛′ = Ω log𝑛



Problem
R-DP WR-DP

Serial cache comp. Span Serial cache comp. Span

Parenthesis problem

Θ 𝑛3/ 𝐵 𝑀

Θ 𝑛log 3

Θ 𝑛3/ 𝐵 𝑀

Θ
𝑛

𝑀
log 𝑛 + 𝑀

log 3

Gap problem

Floyd-Warshall's APSP Θ 𝑛log2𝑛 Θ
𝑛

𝑀
log 𝑛 + 𝑀log2 𝑀

Protein folding Θ 𝑛 log 𝑛
Θ

𝑛

𝑀
log𝑛 + 𝑀 log 𝑀

Function approximation Θ 𝑛log 3

Θ
𝑛

𝑀
log 𝑛 + 𝑀

log 3

Matrix multiplication*
Θ 𝑛 Θ

𝑛

𝑀
log𝑛 + 𝑀

Multi-instance Viterbi Θ 𝑛3𝑡/ 𝐵 𝑀 Θ 𝑛3𝑡/ 𝐵 𝑀
Θ

𝑛𝑡

𝑀
log𝑛 + 𝑀Θ 𝑛𝑡

LCS / edit distance 

Θ 𝑛2/ 𝐵𝑀 Θ 𝑛log 3 Θ 𝑛2/ 𝐵𝑀 Θ
𝑛

𝑀
log 𝑛 +𝑀log 3

Spoken word 
recognition

Binomial coefficient

Bitonic TSP













Parallel Cache-efficient Cache-oblivious

Existing algorithms Yes Yes No

Existing algorithms Yes No Yes

Our paper Yes Yes Yes












