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Formal Model-Driven Developments:

Code generated learning-based RTM as plug&play element within the PRIME framework

Prediction: RTM dependents on hardware specification: Platform Num of VFs
Exponential Weighted Moving Average (EWMA) Number of learning table columns dependents on

il i Cortex_AY7 13
Decision Making: the number of supported VFs -
Reinforcement Learning (RL) Cortex_A15 19

The tool generates the implementation of the RTM algorithm automatically. The
generated code integrates with the PRIME framework.

Platform diversity:
Platform-independent Event-B model

Automatically code generated RTM C implementation

Exploration phase

Prediction
Refinement

RTM Event-B action

Exploitation phase

N=13
FREQ1 = 200 ... FREQ13 = 1400

F={1~FREQ1, ... 13»FREQ13}

Code Generation l

Cortex-A7
Generated C Code

MCH.h

#define N 13

#define FREQ1 200

#define FREQ13 1400

MCH.cpp

if ((0 < freq) && (freq <= FREQ1))
{

gTable[row][0] = reward;

}
else if ((FREQ1 < freq) && (freq <= FREQ2))

{

qTable[row][1] = reward,;

}

ranGenerator

VFGenerator | | explore

update_qTable else if ((FREQ11 < freq) && (freq <= FREQ12))

updateE ][ monitor_workload

{
gTable[row][11] = reward;

gTable[row][12] = reward;

ACTIONS (V-F pairs) ACTIONS (V-F pairs) npdate_atable =
V1,F1|V2,F2|V3,F3|V4,F4 V1,F1|V2,F2|V3,F3|V4,F4 WHERE
— - i=1--N expanding
z |0| 0.0 0.0 0.0 0.0 k= F(i-1) < freq < F(i)
S = THEN
£ (1] 0.0 0.0 0.0 0.0 £ gTable = updateArray( qTable, row, i, reward)
v g Several v g
= o epochs - -
& g 2 00 0.0 0-0 0-0 |ater E g m
w = w =
s (3] 00 0.0 0.0 0.0 o Cortex-A7 Cortex-A15
3 ; Context Context
= (4] 0.0 0.0 0.0 0.0 -

N =19
FREQ1 =200 ... FREQ1S = 2000
F={1~FREQ], ... 19~FREQ19}

Code Generation I

Cortex-A15
Generated C Code

MCH.h

#define N 19
#define FREQ1 200

#define FREQ19 2000

MCH.cpp

if ((0 < freq) && (freq <= FREQ1))
{

gTable[row][0] = reward;

}
else if ((FREQ1 < freq) && (freq <= FREQ2))

{

gTable[row][1] = reward;

}

else if ((FREQ17 < freq) && (freq <= FREQ18))

{
gTable[row][17] = reward;

gTable[row][18] = reward;

Automatic runtime integration testing of the PRIME framework

Testing that components interacting within the framework (applications, runtime algorithm and device) are satisfying the
assumptions of the API:

e observing the behaviour of application, RTM and device at runtime

 checking the observed behaviour conforms to a given formal specification

Verifying the correctness of interactions (between application/device and runtime):
 Correct API control flows
 Correct range of values for a (application/device) control/monitor

verified Event-B [ RAESEED_Manage ]

model of APIs

automatic assgrtion generation

Sy

[ app_knob_reg ] [ app_knlob_min ][ app_kncl'.)b_max ][ app_knlob_get ] [app_knob_dereg}

Runtime assertions
(automatically generated,

Examples of correctness:
Does an application control element is registered before attempt to set a min/max boundary value?
Does the control element value, which RTM attempts to set, within the min/max boundaries?

integrated within the
PRiME framework)
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