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① Current machine learning and image processing , etc. applications 
consumes much energy.

② SRAM cache consumes large energy due to high leakage power.
③ STT-MRAM (Spin Transfer Torque Magnetic RAM) cache has the advantage 

of low leakage power. 

Image processingNeural network
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STT-MRAM cell is composed of one MTJ and one transistor (i.e. 1T1M 
structure).
STT-MRAM cache needs high write energy to switch the cell value.
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① Machine learning and image processing applications are error-tolerant.
② Users are insensitive to errors in the output data.
These features show the possibility of reading/writing approximate data to 
reduce energy.

Original 3% error



STT-MRAM cache has much lower leakage power, but the 
dynamic write energy is high. 
Some new observations:
①Many bit writes to data are from image raw data.

Motivation
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Reduce it!



The image raw data shows data similarity/redundancy.

②Gmean base method can reduce more redundant elements.

Motivation
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② Gmean value as base𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =
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Programmers

//initialize code;
set_app_addr(...);
set_quality(...)
//some annotations

……
//rest application 

code

Input file

VADDR

PADDR
TLB

Tag 
……

Access for 
metadata

Cache 
controller

Data array

Request

Cache 
Hit

Way 1 Way 2 Way n
precise 

write/read

StartAddr EndAddr Qloss
0x445040 0x5c5000 3% loss

StartAddr EndAddr
0x77fd62 0x78cec2

Qloss error
0 0

2% 3
… …

Quality table

APPcache 
encoding unit

CPU

approximate write

APPcache 
decoding unit

approximate read

yes

no

APPcache encoding logic  Approximate write.
APPcache decoding logic  Approximate read.
Software interface  Set output quality.



Design-Similarity based encoding
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Encoding： 82 327F 81 3180 85 297F 75 327E 80 327F 82 New cache line

element1 element2 element3 element4 element5element6

1

7D 317F

Determine the base and the run_tag

7D 317F saved space

100000Base: run_tag:

0F A0

2 Write base and tag into cache line

00001111 10100000   11:int data type 
11:3 channels    1:all elements are similar

Encoded data

𝐶𝑚𝑎𝑥 - 𝐶𝑚𝑖𝑛  ≤ 2 ∗  𝑡ℎ𝑒𝑟𝑟𝑜𝑟
𝑡ℎ𝑒𝑟𝑟𝑜𝑟 = 8

run_tag：‘1’ means this location starts a new base. ‘0’ means this element is 
similar to the base.
Encoded data records the metadata, such as data type and channel count.
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7D 317F saved space0F A0

00001111 10100000   1:all elements are similar

Encoded data

7D 317F 7D 317F 7D 317F 7D 317F 7D 317F 7D

11:int data type
11:3 channels

7D 317F saved space0F A0

Decode with the assistance of 
the metadata

Set value as the encoded base

Decoding：

Decoder can get the base and similar elements from metadata.
Each similar element is decoded to its corresponding base.



Design-Selecting the Energy-efficient Base
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For bases that do not have similar elements can execute approximate 
write/read, while other bases must execute precise write/read .

16 31F0 saved space0F 30 7 20F9

00110000 The first base can be written 
approximately

Encoded 
data

∈ [0,15] ∈ [241,255] ∈ [24,40]

Select the value which has minimum bit flips with old data

Error 
threshold=8

16 31F0 saved space0F 30 A 1EF2After:

3 channels operate in parallel

Decoding: A 1EF2 16 31F0 16 31F0 16 31F0 16 31F0 16



Design-Software Interface
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start is the start address, end is the end of approximate region, 
Q_loss is the specified quality loss.

set_quality(start,end,Q_loss);

Programmers

error
0 0

2% 3
… …

Quality table
Qloss

Software Hardware



We make comparisons with following schemes:
• Biscaling (ISLPED 17)
• AxDedup (ICCAD 18)
• SimCom (DAC20)
• APPcache (Our scheme)

Evaluation-Experiment Setup
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We use gem5 to implement our scheme.



Evaluation-Write Energy
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APPcache can reduce write energy by 31.3%/30.8%/21.9%(36.34%/34.1%/24.03%) 
(38.05%/33.67%/23.42%)compared with Biscaling/AxDedup/SimCom with 1% 
(3%)(5%)error rate.



Evaluation-Raw Data Compression Ratio
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APPcache can improve image raw data compression ratio by 296.9%/48.3%/38.0% 
(291.48%/61.38%/39.06%) (275.0%/72.16%/37.55%) compared with 
Biscaling/AxDedup/SimCom with 1% (3%) (5%)error rate.



Evaluation-Output Quality
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The quality losses of all 
benchmarks are within 5% 
with 1% error rate.

The output images of jpeg:

Origin 1% error 3% error 5% erroral



In this work, we propose APPcache to reduce the write energy of 
STT-MRAM based approximate cache.

• Some new observations.
• Several techniques to reduce the write energy.
• Software support. 
• Good effectiveness.

Conclusion
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