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Agenda

1. Concepts and Limitations of UPF

2. Extensions to the Unified Power Format

3. PMC Synthesis

4. Implementation + Results

5. Summary + Roadmap
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Unified Power Format (UPF)

• Tcl-based power design specification language (IEEE-1801) 

supported by most commercial synthesis and simulation tools

• Basic Paradigm: Separation of Concerns (Power vs. Function)

Functional Design (Verilog, VHDL, SystemVerilog)

CPU Core

High-Performance

System Bus

On-Chip RAM

SDRAM Controller

Bridge

Timers

Prescaler

UART…Peripheral Bus

Accelerator

Power Design (UPF)

Power Domain 3

Power Domain 2 Power Domain 1 (always-on)

Power Design (UPF)SLEEP_3SLEEP_2

VDD
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A Rapid UPF Example…

• Example: How can we implement power gating by UPF?

BIG_COMPONENT

S
L
E

E
P

create_supply_port VDD

create_supply_net VDD_net

connect_supply_net VDD_net

–ports {VDD}

create_power_domain PD1 

–elements {BIG_COMPONENT}

create_supply_net VVDD_net

create_power_switch

–input_supply_port {VDD VDD_net}

-output_supply_port {VDDG VVDD_net}

-control_port {SLEEP SLEEP}

-on_state {ON VDD !SLEEP}

-off_state {OFF SLEEP}

set_domain_supply_net PD1

-primary_power VVDD_net

PD1

VVDD_net

V
D

D VDD_net

We want this SLEEP signal to

control the power gate!
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A Rapid UPF Example…getting more

complex!

• But instead of just switching the sleep signal like this…

…you have to do a lot more stuff for each power domain!

Power Management Controller (PMC) undertakes this task!

Currently, this needs to be implemented in RTL code!
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Goals of our Approach

• Keeping RTL clean from power management intent.

• Automatic synthesis of one or multiple power management

controllers (PMC) from UPF + integration back into the SoC.

• PMC controlled by software (bus I/O) or hardware.

Extended UPF Script

RTL Design RTL Design with PMC

P
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1.

2.
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What UPF Extensions do we need?

• We need a way to specify…

- …various power management controllers with several

interfaces (AXI, APB, …) managing different devices!

- …power state machines per power management controller!

PMC

Power Switch SW1

Power Switch SW2A
X

I4
-I

F

ALL_ON PD_2_OFF

1.2V

1.2V

1.2V

1.2V

1.2V

1.2V

1.2V

-
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What UPF Extensions do we need?

• We need a way to specify…

- …which actions we need to trigger during transition?

- …and in what order do we need them to be triggered?

ALL_ON PD_2_OFF

„Disable SW_2, Enable Isolation, Enable Clock Gating, …“
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Extended Unified Power Format

• Starting Point: 

Basic PMC I/O Specification

+ List of Managed Devices



10 | Fully-automated Synthesis of Power Management Controllers from UPF

Extended Unified Power Format

• Existing commands to specify power state machine for each PMC:

- add_power_state, describe_state_transition

• But: Some information is missing!

- Initial State? Under which condition

shall a transition be taken?
PD_1=ON

PD_2=ON

PD_1=ON

PD_2=OFF

S
ta

te
 1

S
ta

te
 2

fifo_is_empty

!fifo_is_empty
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Extended Unified Power Format 

• Actions are triggered when switching between two power modes!

- In what order do they need to be triggered?

• Three commands are intended for that:

- schedule_strategy: Which strategy needs to be

enabled/disabled in which device state / power state?

- update_strategy_schedule: Strategy dependencies

- update_device_schedule: Device dependencies

• Instead of an RTL signal, control handles (-control_port of

isolation, retention, … shall reference a PMC object!)

e.g. „enable clock gate before enabling isolation“
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Extended Unified Power Format 

• A lot of more commands have been specified to…

- Specify clock gating strategies.

- Specify reset strategies.

- Specify voltage sources.

- Map voltage sources to IP cells.

- Specify (pipeline stall) signals and when to trigger them.

- Specify existing power gating implementations (memory IPs…)

Latest Specification is

available here: 

http://bit.do/xupf
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Power Management Synthesis

• Power Management Synthesis: Transform an RTL design + 

xUPF specification into a fully power-managed SoC platform! 

RTL Design 

(power-agnostic)
Extended UPF

(1) Model Generation

Supply Network 

Model

Power State 

Machine Model

Power Management Controller 

Configuration

(2) Feature Scheduling

Annotated Power State Machine Model

(3) IP Generator

Power Management Controller IP (Verilog, 

VHDL, SystemC)

(4) IP Integrator

RTL Design 

(power-aware)

Standard-

Compliant UPF
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Latest Specification is available here: 

http://bit.do/xupf
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Power Management Synthesis

RTL Design 

(power-agnostic)
Extended UPF

(1) Model Generation

Supply Network 

Model

Power State 

Machine Model

Power Management Controller 

Configuration

(2) Feature Scheduling

Annotated Power State Machine Model

(3) IP Generator

Power Management Controller IP (Verilog, 

VHDL, SystemC)

(4) IP Integrator

RTL Design 

(power-aware)

Standard-

Compliant UPF
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Supply Network Model

Power State Machine Model

Latest Specification is available here: 

http://bit.do/xupf
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Power Management Synthesis

RTL Design 

(power-agnostic)
Extended UPF

(1) Model Generation

Supply Network 

Model

Power State 

Machine Model

Power Management Controller 

Configuration

(2) Feature Scheduling

Annotated Power State Machine Model

(3) IP Generator

Power Management Controller IP (Verilog, 

VHDL, SystemC)

(4) IP Integrator

RTL Design 

(power-aware)

Standard-

Compliant UPF
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Scheduled Power State 

Machine Model

Latest Specification is available here: 

http://bit.do/xupf
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Power Management Synthesis

RTL Design 

(power-agnostic)
Extended UPF

(1) Model Generation

Supply Network 

Model

Power State 

Machine Model

Power Management Controller 

Configuration

(2) Feature Scheduling

Annotated Power State Machine Model

(3) IP Generator

Power Management Controller IP (Verilog, 

VHDL, SystemC)

(4) IP Integrator

RTL Design 

(power-aware)

Standard-

Compliant UPF

P
o

w
e
r 

M
a

n
a

g
e

m
e
n

t 
S

y
n

th
e

s
is

Power Management 

Controller IP (Verilog/VHDL)

Connects to SoC!

Connects to UPF Objects!

FSM Implementation

Latest Specification is available here: 

http://bit.do/xupf
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Implementation as Synopsys Design 

Compiler Plugin

• Implementation of a full-blown UPF library in Scala/Java including

a power management synthesis tool!

• Integration into Design Compiler using a Tcl interface!

replaces load_upf!

Latest Specification is available here: 

http://bit.do/xupf
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Software-managed Power Management 

Example in UPF

• Example: RISC-V SoC with a PMC managing a counter. PMC 

managed by Software (APB bus).

Latest Specification is available here: 

http://bit.do/xupf

RISC-V Core

AXI Bus

APB Bus

APB Bridge

64-bit Counter

PMC

SRAM

PMC_switch_state(ALL_OFF);
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Software-managed Power Management 

Example in UPF

• Example: VexRiscV SoC with a PMC managing a counter.

PMC managed by Software (APB bus).

Latest Specification is available here: 

http://bit.do/xupf

Managed Devices

Bus Interface
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Software-managed Power Management 

Example in UPF

• Example: VexRiscV SoC with a PMC managing a counter.

PMC managed by Software (APB bus).

Latest Specification is available here: 

http://bit.do/xupf

Controls driven by PMC!

Strategies to enable during

power-off!
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Software-managed Power Management 

Example in UPF

• Results after PMC synthesis:

Bare-Metal

C Drivers

UPF for MentorGraphics

QuestaSim

RTL Design with

PMC implementation

UPF for Synopsys

Design Compiler

Latest Specification is available here: 

http://bit.do/xupf
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Software-managed Power Management 

Example in UPF

Latest Specification is available here: 

http://bit.do/xupf

Software uses automatically

generated bare-metal drivers!
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Summary and Roadmap

Summary:

• UPF is currently not able to capture all aspects of dynamic power 

management techniques.

• xUPF might be a good hint what we need in future UPF revisions!

• Synthesis tool for xUPF is already available.

Roadmap:

• ASIC-readyness shall be proven in a tapeout in Q1/2020!

• Scala framework planned to be published open-source next year!

• Proposals to IEEE-1801 committee…

Latest Specification is available here: 

http://bit.do/xupf
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Thank you.
Dustin Peterson

Eberhard Karls Universität Tübingen

Lehrstuhl für Eingebettete Systeme

Fon: +49 7071 - 29 – 75458

Fax: +49 7071 - 29 – 5062

E-Mail: dustin.peterson@uni-tuebingen.de

Latest Specification is available here: 

http://bit.do/xupf
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BACKUP
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Power Management Synthesis

• Implementation evaluated with Synopsys 32nm EDK and 

GlobalFoundries 22FDX + Invecas 8-Track RVT Library.

• Software-controlled PMC has been integrated into Pulpino, managing

a timing tracer and multiple SRAM blocks.

• Our implementation supports dynamic body biasing, so we plan to

manage the body bias by our PMC in the tape-out, too.

• Integration of xUPF into power design exploration under development!

Area Results for 22FDX and differently sized power designs with

multiple fully-meshed power state machines
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Software-managed Power Management 

Example in UPF

• Example: VexRiscV SoC with a PMC managing a counter.

PMC managed by Software (APB bus).

Basic Power Management Specification

Power State Machine Managed Strategies

Managed devices

Connect PMC to Bus Interconnect

Latest Specification is available here: 

http://bit.do/xupf

Bus Interface
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Power Management Synthesis

RTL Design 

(power-agnostic)
Extended UPF

(1) Model Generation

Supply Network 

Model

Power State 

Machine Model

Power Management Controller 

Configuration

(2) Feature Scheduling

Annotated Power State Machine Model

(3) IP Generator

Power Management Controller IP (Verilog, 

VHDL, SystemC)

(4) IP Integrator

RTL Design 

(power-aware)

Standard-

Compliant UPF
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Power Managed SoC Design

Configured in UPF, generated

automatically in Verilog***

Interconnected! automatically

*** Currently supported and generated interfaces: AXI4-Lite, APB3, Avalon-MM, Wishbone

• Instantion and Connection of PMC IP

• Synthesis of Clock Gating, Domain 

Reset and Stall Propagation Logic

• Rewriting of UPF Script

Latest Specification is available here: 

http://bit.do/xupf


