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Kaleidoscaope Vision: Lloud y-elasticity,.  Kaleidoscope Lontributions,
 Allocate resources proportionally to the working set 1. VM memory state coloring
o Stateful replication of VMs (inherit expensive warm state) « Semantically-aware state propagation
 Color-guided state propagation  Architectural & introspective runtime memory state
information

e proactive prefetch
* reactive (on-demand)
e Continuum between full copy and minimal/on demand copy

2. Time & space efficient implementation of coloring
3. Micro-elastic cloud server
 Color-aware replication & sharing
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e |Instantiation time vs. warmup period migration 4. Real world datacenter savings
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o State prefetch of consecutive pages in color space  Extracting the NX bit (executable)

e Significant reduction in bandwidth consumption * |ldentifying the kernel/user-space split

 Per-color differentiation in the width of the prefetch window
* Insight: reduced window size for executable state
 User/kernel data windows : 3-4 times wider than executable * File cache radix trees

e Color-directed memory deduplication * Frame page structure: used/unused physical pages
 Per-color probabilities of inter-VM page similarities
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memory state

* Definition: ability to consume physical resources at sub-VM
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Evaluation Results

state plus new allocations.
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