
Integrated Host-SSD 
Mapping Table Management for 

Improving User Experience of Smartphones

The 21st USENIX Conference on File and Storage Technologies (FAST), 2023

Seoul National University, †DGIST

Yoona Kim, Inhyuk Choi, Juhyung Park†, Jaeheon Lee†,

Sungjin Lee†, Jihong Kim



App Launching

User Experience (UX) in Smartphones 

▪ User-perceived latency (system responsiveness) determines UX quality. 

User-perceived Latency

2



App Launching

User Experience (UX) in Smartphones 

▪ User-perceived latency (system responsiveness) determines UX quality. 

▪ A long storage latency can significantly increase user-perceived latency 

during app launching, switching, and loading times.
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What Causes a Long Storage Latency?

▪ Logical-to-physical (L2P) address translation plays an important role in 

deciding the read latency.
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Design Goal of Proposed Work

▪ HPBvalve: Manage HPB memory in a UX-Centric Manner!

▪ HPB memory should cache L2P entries of FG apps over BG apps. 

▪ User apps should not suffer from reduced working memory space. 
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Outline

• Root Cause Analysis of the Existing Solution

• Design of HPBvalve

• Evaluation Results 

8



Evaluation of the Existing HPB Solution
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▪ Simply integrating HPB does not guarantee improved quality of UX. 

Problem 1: 

There still exists L2P miss penalty 

in the user-perceived latency.

Problem 2: 
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A large room for improvement exists in the current HPB management scheme.
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Root Cause 1: App Priority-Oblivious HPB Caching

▪ Current HPB caching policy results in priority inversion between 

foreground (FG) and background (BG) apps.
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Impact of HPB Caching on App Launching Time 

▪ HPB fails to cache UX-critical L2P entries in the beginning of FG app’s 

execution due to priority inversion between FG and BG apps. 
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Impact of HPB Caching on App Launching Time 

▪ HPB fails to cache UX-critical L2P entries in the beginning of FG app’s 

execution due to priority inversion between FG and BG apps. 

Critical misses concentrated in the beginning 

increase app launching time.
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Root Cause 2: Mem. Pressure-unaware Size Adjustment

▪ Current HPB size adjustment policy does not address memory pressure 

status. 
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Impact of HPB Memory Consumption on App Killing

▪ Some of high-priority (recently user-interacted) apps are unintentionally 

killed due to HPB induced memory pressure.

▪ Increased number of high-priority app kills result in longer user-perceived 

latency for future re-launches.
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Evaluation Scenarios and Settings 

▪ We implemented HPBvalve on a mobile hardware development kit. 

▪ We evaluated nine popular apps under predefined scenarios.

CPU: Snapdragon 888
OS: Android 12
Kernel: v5.4.161
DRAM: 12GB
Storage: 1TB
Storage Mapping: 1GB

D
is

p
la

y

SSD

Camera

Category Apps App Usage Scenario

Games

Asphalt9 Play a stage.

Clash Royale Play a stage.

Genshin

Impact
Explore the map.

Social 

Media

Facebook
Browse Feed, Watch, Stories, Notifications, and other 

pages.

Instagram Browse Feed, Reels and write comments.

Twitter
Browse Timeline, Trending, Notifications, and reply to a 

tweet.

Utilities

Airbnb Browse the globe map and opens multiple listings.

Facebook 

Messenger

Browse Chats, Calls, People, Stories, and send 

messages.

Uber Browse Activity, Account settings, and search the map.
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Result 1: Improvement in User-Perceived Latency

Game Play Loading Time 

Facebook Instagram Twitter Airbnb
Facebook

Messenger
Uber Average AverageAsphalt9

Clash

Royale

Genshin

Impact

23%

HPBvalve achieved almost identical user-perceived latencies as Optimal.

Baseline Optimal (No L2P cache miss penalty) HPBvalve

App Launching Time 
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Result 2: Number of Killed Apps

HPBvalve prevents 25% of total app kills and 70% of high-priority app kills. 
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Priority of the Apps

Baseline HPBvalve

Low High

100%
50%

72%
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Result 3: HPB Size Changes
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pressure 
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Result 3: HPB Size Changes

memory 

pressure 

H
P

B
 S
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e

Time

Memory pressure signals

Baseline

Hvalve

Increases memory 

pressure!

Sacrifices 

hit ratios! 

HPBvalve successfully manages the HPB size 

in an harmonized manner with memory pressure status. 

Achieves 

high hit ratios!
Returns HPB 

memory!
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Conclusions

▪ Presented HPBvalve that efficiently manages L2P entries in HPB.  

▪ HPBvalve works in a FG app-aware fashion 

while considering the host memory pressure status.

▪ Achieved near-optimal performance level for most apps.

▪ Reduced the user-perceived response time by up to 43% over a baseline 

scheme.

▪ Prevented 70% of unintentional UX-critical app kills due to HPB induced 

memory pressure over a baseline scheme.

▪ Future Work

▪ Extend HPBvalve to manage the device-side SRAM L2P cache.
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The source code of HPBvalve is available at
https://github.com/cares-davinci/Hvalve 

Thank You ☺
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