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What’s “µCMP” Architecture? 

• Microengine-based chip-multiprocessor (µCMP) architecture;
– Is tailored to some applications
– Has one or more application-specific microengines

• Each microengine;
– Has its own control flow as ordinary processors have
– Does not have the full set of functions but a subset of functions 

necessary for the target applications
• Examples

– Network/communication processors: C-port, etc.
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Where is µCMP placed?

Thread-level or 
task-levelFunction-levelInstruction-

levelParallelism:

MultipleMultipleSingleControl:

Architecture:

CMPµCMPVLIW
Program Program

Divide into     
tasks or threads

Program

Divide into    
functions
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What’s Our Target Application?

• Computational chemistry
– Calculates electron density 

distributions of very large 
molecules by ab initio MO 
method

– Is used for
• Creating new material
• Designing function material
• Drug discovery
• etc.

– Spends >90% of its execution 
time for electron-repulsion 
integrals (ERI’s)

Develop an MO-
specific processor for 

ERI calculation, or 
ERIC
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Obara’s New ERI 
Calculation Algorithm

• Obara’s current ERI calculation 
algorithm 
– Has been used in Gaussian

• Obara’s new ERI calculation 
algorithm
– Was developed for EHPC project
– Consists of two segments

• Initial integral calculation (IIC)
– Contains some complex FP ops

• Division
• Inverse square root
• Exponential function

– Lacks in instruction-level parallelism 
(ILP)

• Recurrence calculation (RC)
– Contains series of FP multiply-and-

add operations
– Has a rich ILP

for(I = 0;  I <  Nshell; I++)
for( J = 0; J < I;  J++)

for (K = 0;  K < I; K ++)
for( L = 0; L < I; L++) 

for(i = 0;  i <  Ni; i++)
for(j = 0; j < Nj;  j++)

for (k = 0;  k < Nk; k++)
for(l = 0; l < Nl; l++) 

Calculate Initial Integral
<si sj sk sl>

forend
forend

forend
forend
Calculate Recurrence Calculation
<aI aJ aK aL>

forend
forend

forend
forend
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ERIC Design Philosophy
• Initial integral calculation (IIC) 

and recurrence calculation (RC) 
have different characteristics

• Initial integral calculation (IIC) 
– Can be accelerated by means 

of special functional units
– Does not benefit from any ILP 

microarchitecture
• Recurrence calculation (RC) 

– Benefits from an ILP 
microarchitecture

– Requires a lot of FP multiply-
and-add functional units, but 
no special functional unit

Divide ERIC processor into 
two engines

• IIC engine: main CPU
• RC engine: co-processor

• Obara’s current ERI calculation 
algorithm 
– Has been used in Gaussian

• Obara’s new ERI calculation 
algorithm
– Was developed for EHPC project
– Consists of two segments

• Initial integral calculation (IIC)
– Contains some complex FP ops

• Division
• Inverse square root
• Exponential function

– Lacks in instruction-level parallelism 
(ILP)

• Recurrence calculation (RC)
– Contains series of FP multiply-and-

add operations
– Has a rich ILP



4

EHPC (Embedded High-Performance Computing) Project

ERIC Processor: Initial Design

IALU
FMUL
&ADD

FDIV
&SQRT

EXP
&ERF

Register File

IIC Program Memory
(64KB)

Data Memory (32KB/bank�8banks)

ERF Table
(128KB)

FMUL
&ADD

Register File

RC Microprogram Memory
(64KB)

IIC Engine RC Engine

FMUL
&ADD

64b

64b

SDRAM I/F

64b

64b

SH-4 I/F

64b64b64b

64b

32b

16b 64b

FMUL
&ADD

IIC Engine
• Is an extension to general 

purpose processors
• Is CPU of ERIC processor

RC Engine
• Has many multiply-and-add units
• Is a µCMP architecture
• Works as co-processor for RC

EHPC (Embedded High-Performance Computing) Project

Structure of Recurrence Calculation

• Consists of a lot of functions (called “subfunctions”) calls
• Each function consists only a series of multiply-and-add operation
• Have a rich ILP
• Have similar characteristics to some multimedia application program 

In this work
• Optimize the RC engine with RC program of the Obara algorithm
• Apply µCMP architecture as the RC engine design.
• Investigate the most optimal organization of the µCMP architecture
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Our µCMP Architecture in ERIC

• Calculate the RC part of the Obara algorithm fast
– Contains only a series of multiply-and-add operations
– Has a rich instruction-level parallelism (ILP) 

• Each microengine consists of:
– A register file
– Load store units (LSUs)
– Multiply-and-add units

• Microengine can process only limited operations:
– Load and store
– Multiply-and-add

EHPC (Embedded High-Performance Computing) Project

Design Alternatives for RC Engine

Inter-subfunction
parallelism

A statement per RC 
microengine

Inter-statement 
parallelism

SP
(Statement Parallel)

A subfunction per RC 
microengine

µCMP
(chip multi-
processor)

FP
(Function Parallel)

A whole function for 
the entire RC engine

ILP within a 
function

VLIWFS
(Function Serial)

Units of ExecutionParallelism to 
Exploit

Underlying 
ArchAlternatives

Statement

Statement

.

.

Subfunction

Statement

Statement

.

.

Subfunction

…

Recurrence Calculation

How to
Execute?
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Performance Evaluation
• Metric

– Number of clock cycles for calculating each integral type
• Evaluation model is expressed by:

{FS|FP|SP} x, y, z
– x: Number of microengines
– y: Number of multiply-and-add units (MAUs) for each microengine
– z: Number of load-store units (LSUs) for each microengine

• Each microengine has
– a register file
– 1 to 6 multiply-and-add units (MAUs)
– 1 to 6 load-store units (LSUs)

• The total number of MAUs and LSUs is up to 6, respectively
• Evaluation criterions

– Performance improvement over the base model (FS1,6,6 or FS1,4,4)
assuming the same number of resources

– For model FPs, performance improvement when changing the 
organization of microengines from the base model (FP2,1,1)

EHPC (Embedded High-Performance Computing) Project
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Models FP is faster than model SP in almost all cases

The total number of MAUs and LSUs is 6, respectively

Performance Comparison 
among FS, FP, and SP
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Performance Comparison 
among FS, FP, and SP
The total number of MAUs and LSUs is 4, respectively
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Performance Comparison among 
Different Organization of FP
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Models FP3,1,1 and FP4,1,1 with more microengines
always outperform models FP2,2,1 and FP2,3,1
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Experimental Results
• “Function Parallel (FP)” versus “Statement 

Parallel (SP)”
– FP outperforms SP in almost all cases.

• FP: “More FU’s per microengine” versus “More 
microengines”
– “More microengines” is always faster

• The model with many microengine is faster than 
the model with a small number of microengine
which have a lot of functional units

In order to optimize the organization of RC engine, 
it is the best to adopt the model FP with as many 

microengines as possible

EHPC (Embedded High-Performance Computing) Project

ERIC Processor: Final Design

IALU FMUL
&ADD

FDIV
&SQRT

EXP
&ERF

Register File

IIC Program Memory
(64KB)

Data Memory (32KB/bank× 8banks)

ERF Table
(128KB)

IALU FMUL
&ADD

Register File

RC Program Memory
(64KB)

IIC Engine RC Engine 0

IALU FMUL
&ADD

Register File

RC Engine 1

IALU FMUL
&ADD

Register File

RC Engine 2

IALU FMUL
&ADD

Register File

RC Engine 3

64b 64b 64b 64b 64b

64b

SDRAM I/F

64b

64b

SH-4 I/F

64b64b64b

64b

32b

16b 64b 64b 64b 64b 64b

RC Engine
• Has as many microengines as possible
• Each microengine consists of

– A register file
– A load-store unit
– A multiply-and-add unit
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Conclusions
• Microengine-based chip-multiprocessor (µCMP) 

architecture
– Has one or more application-specific microengines
– Each microengine has the minimum functions to 

process frequently executed operations in its target 
applications

• In this work
– Investigate the most optimal microengine design for 

the Obara algorithm which has similar characteristics 
to some multimedia application program

– It is the best to establish as many microengine as 
possible

– We expect that this methodology can apply to other 
multimedia application programs

EHPC (Embedded High-Performance Computing) Project
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