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Abstract — Number of cores integrated to a chip is increasing 

in each computer generation. Intel Single Chip Cloud computer 

(SCC) is a flexible multi core research platform designed to run 

parallel programs. It supports power management in the cores. 

It is an implementation of cluster based architecture. Because of 

that, SCC cores have shared memory communication and 

message passing. Power management is a highly constraint area 

in multi core computers architecture design due to energy 

consumption should be narrow down much as possible. 

Optimizing power usage by program model is somewhat 

challenging rather than hardware approaches. But it can be 

much more comfortable in SCC with RCCE library. This paper 

details about implementation of such program to run on SCC 

using Baremetal boot loader to optimize power usage of the multi 

core SCC. 

I. INTRODUCTION 

Improving processor clock speed was a technique to 

increase the CPU performance. But it affected negatively on 

energy efficiency. It always requires a high power to operate 

on higher frequencies. This leads to a decrease performance 

per watt. 

Due to above reasons in the past several years, the 

computer architecture has been pushed forward to multi core 

architecture as the only solution to make effective use of the 

large number of transistors available.  A key architectural 

challenge of multi core design is how to support increasing 

parallelism and scale performance, while being efficient in 

power and energy consumption. 

Intel’s ‘Single Chip Cloud Computer’[1] was introduced to 

overcome these challenges. This chip has the ability to 

schedule process execution on cores and manages voltage and 

frequency. But it needs to have a reliable algorithm for 

scheduling power and managing the frequency while running 

tasks in parallel. 

Early research on SCC have revealed power break down 

measurements and comparing its power consumption 

measurements with many state of the art CPUs.  

 By optimizing voltage of cores according to tasks 

executions frequency will be a straight forward power 

management technique. Implementing this technique and run 

it on SCC without a standard OS support would be give clear 

result of optimizing power usage on SCC.  

 

 

II. BACKGROUND  

A. Overview of SCC 

The SCC is the second generation processor design that 

resulted from Intel's Tera-Scale research. The SCC has 24 

tiles and two cores per tile. The SCC core is a full IA P54C 

core and hence can support the compilers and OS technology 

required for full application programming. 

B. Overview of tile and core 

The SCC has 24 tiles, 48 cores, two cores to a tile. Each 

core has L1 and L2 caches. The L1 caches are on the core; the 

L2 caches are on the tile next to the core. Each core has a 

16KB, L1 instruction cache and a 16KB, L1 data cache. Each 

tile’s L2 cache is 256KB. 

C. Power and frequency management 

SCC power controller (called the VRC for voltage regulator 

controller) provides the capability of changing the voltage and 

frequency of the cores as well as other parts of the die. This 

capability supports research on power-aware applications.  

The SCC has seven voltage domains and 24 frequency 

domains. A program running on a core can change the voltage 

for all the members of a voltage domain; it can also change 

the frequency for all the members of a frequency domain.  

There are six voltage domains comprising four tiles of two 

cores each in a 2x2 array. The seventh voltage domain is the 

entire set of tiles. There are 24 frequency domains, one for 

each tile. Figure 1 illustrates the voltage and frequency 

domains on the SCC. 

 
Fig. 1.  Power and frequency domains[1] 
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D. SCC communication environment (RCCE) 

The SCC architecture supports a variety of parallel 

programming models.  At its foundation, however, the SCC 

processor is a message passing chip.  The cores may interact 

through shared memory, but with the total lack of cache 

coherence between cores, the most natural and efficient 

programming models for this chip build on the ability to send 

messages between cores.  The message passing library 

developed for this chip and used to analyse workloads as the 

chip was designed is called RCCE [8][2][3]. 

E. Related works  

There were several projects relevant to SCC power 

management. Those works characterize the performance 

behavior of the chip with various power settings, mappings of 

processes/cores to memory controllers [12]
 and use various 

scalable applications to quantitatively compare and analyze 

the performance, power consumption and energy efficiency of 

different cutting-edge platforms that differ in architectural 

build[13]. These platforms include the Intel Single-Chip Cloud 

Computer 

III. IMPLEMENTATION 

The SCC architecture allows programmers to change the 

voltage and frequency of core domains by assigning 

appropriate control values for designated registers. But 

voltage and frequency are not independent. Because of that, 

varying voltage and frequency should be done under safe 

conditions. RCCE library provide safe power management 

API. This API is   useful for changing voltage and frequency 

under safe conditions. 

A. Programming model 

The application would be run on SCC baremetal. 

BareMichael[11] Baremetal boot loader will be used to make 

the SCC cores ready to run the application. RCCE message 

parsing library will be used to implement the scheduler 

program. Application will be emulated on OpenMP many core 

architecture. 

B. Development  

Baremetal framework is the boot loader OS to use in SCC 

running to run programs without an OS. BareMichael is a 

minimalistic, open source baremetal framework for launching 

C and/or assembly code on the SCC.  This has only some 

amount of groundwork laid to allow one to design and add in 

these or other features as needed.  

BareMetal_iAPI[5] is an improved version of BareMichle 

framework which is used to run RCCE applications. 

BareMetal_iAPI consist an example consumer – producer 

application.  

This consumer- producer application is separated into two 

tasks namely consumer task and producer task. These two 

tasks have their own project folders. These folders are 

contained inside the BareMetal_iAPI.   

Make file of Baremeta_iAPI manages compilation of both 

of consumer and producer, applications. In order to run this 

consumer-producer application slight changes had to be made 

into the Make file. To run the consumer-producer application 

paths had to be changed using the provided source.  

 

Output of the consumer-producer application was written 

into a file named as output in the BareMetal_iAPI folder. 

Output is an executable. We checked the output using this file 

and tested it with changing the code. Once we were 

familiarized with the consumer-producer program we tested 

for new RCCE utility API function.  

 

RCCE utility API contains core util functions to initialize 

RCCE, RCCE_finalize() to finalize and shut down the RCCE, 

RCCE_num_ues() to return the number of units of execution 

etc. 

We used the above functions and checked for the output. 

After testing the RCCE util functions we changed the code to 

use the RCCE power management API. 

 

Power management API is the same for both Basic and 

more complex interfaces in RCCE. Since this API is not used 

frequently it is not included in the RCCE build process. 

To make the power management API available we first 

compiled the RCCE and compiled the RCCE application with 

PWRMGMT=1 in the make file. Power management API also 

contains few more functions to manage the power domains in 

the SCC.  

C. Voltage and Frequency interrelation. 

The frequencies of the SCC cores are related to the 

operating voltage. Maximum frequency of a core is 1.6GHz. 

Intel has provided a way to decrease the frequency into 16 

values. This is done by using a divider value. The divider 

value when the core is running in the maximum frequency is 1 

and the frequency is 1.6GHz and when the divider is 2 the 

frequency is 800Mhz. Below table 1 shows the frequency 

levels of the cores and the respective divider values. 

TABLE I 

FREQUENCIES OF THE CORES AND THE DIVIDER VALUE FOR FREQUENCY 

Tile Frequency 

(MHz) 

RCCE Frequency 

Dividor 

800 2 

533 3 

400 4 

320 5 

266 6 

228 7 

200 8 

178 9 

160 10 

145 11 

133 12 

123 13 

114 14 

106 15 

100 16 



 

In the SCC voltage domains by changing the value of the 

RPC register we can change the value of the voltage. There 

are 5 main voltage levels and for each of these values there are 

maximum frequency values that can be reached. Table 2 

shows the voltage levels and their respective maximum 

frequencies. 

TABLE 2 
VOLTAGE LEVELS AND THE MAXIMUM FREQUENCY 

Voltage Level Voltage (volts) Maximum 

Frequency (MHz) 

0 0.7 460 

1 0.8 598 

2 0.9 644 

3 1.0 748 

4 1.1 875 

 

With considering table 1 and 2 table 3 was derived.  

 

TABLE 3 
VOLTAGE LEVELS AND FREQUENCY LEVEL MATCHING. 

Tile Frequency 

(MHz) 

RCCE Frequency 

Divider 

RCCE 

Voltage Level 

800 2 4 

533 3 1 

400 4 0 

320 5 0 

266 6 0 

228 7 0 

200 8 0 

178 9 0 

160 10 0 

145 11 0 

133 12 0 

123 13 0 

114 14 0 

106 15 0 

100 16 0 

 

D. Implementation of voltage scheduling for Consumer – 

Producer[7] 

Due to restriction of RCCE power API, power scheduling 

implementation should be execute on core 0, if we use first 

voltage domain. Consumer and Producer were makes for run 

core 01 and 00. Because of that, varying voltage take place in 

Producer algorithm. 

E. Checking states of cores. 

The command ‘sccBmc –c status’[6]  returns the status of SCC 

board. The BMC is the board management controller. It is 

responsible for, 

e.g. downloading the bit stream into the FPGA. 

 

The BMC is basically a tiny ARM based embedded system 

that can bootstrap the whole SCC system by configuring the 

FPGA. 

IV. TESTING & RESULT 

After implementation of Consumer – Producer application 

and power management algorithm, few tests were done for 

test the algorithm. 

A. Running image on SCC[9][10] 

As usual using Baremetal framework make commands, 

image for application was build and run. With respects to 

implementation, status of BMC recorded. 

 

 

 
Fig. 2.  Output status for Frquency levels. 

B. Calculations 

Expression for power and energy of a core [14]  

Energy of core (E)   ∝ (core voltage) 2 

Power of core (P) ∝ E * (core frequency)  

 

Considering core domain have same characteristic of a core.  

Without power management  

Working core domain voltage  = 1.1V 

Non working core domains (5)  = 1.0V 

 

E1 = [(1.0V)2 *5 ] + (1.1V)2   

P1 = [(1.0V)2 *5 ] * 0 MHz + (1.1V)2 * 533 MHz  

 

With power management  

Working core domain voltage  = 0.8V 

Non working core domains (5)  = 0.7V 

 

E2 = [(0.7V)2 *5 ] + (0.8V)2   

P2 = [(0.7V)2 *5 ] * 0 MHz + (0.8V)2 * 533 MHz  

 

Scheduling efficiency  

    E2/E1 = 0.4975 

P2 / P1 = 0.5289 

 

C. Results  

In voltage domain 4, testing was taken placed. According to 

result, Table 4 tabulated. 



TABLE 4 RESULTS  

ACTUAL AND THEORETICAL VOLTAGES.  

Frequency 

Level 

Actual Voltage 

/V 

Theoretical 

Voltage/V 

3 0.8349 0.8 

2 1.1020 1.1 

 

TABLE 5 EFFICIENCY  

POWER AND ENERGY EFFICIENCY. 

FREQUENCY 

LEVEL 

ENERGY 

E2/E1 

POWER  

P2 / P1 

3 0.4975 0.5289 

2 0.5893 1 

   

V. CONCLUSION 

According to Table 3, actual values and the theoretical values 

compatible. Because of that, it’s clear that the implementation 

of power scheduling achieves its goal. 
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