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• Problem

Imagination Unbound

 𝜇𝜈 𝜆𝜎 =     𝑑𝜇𝑝 𝑑𝜈𝑞𝑑𝜆𝑟𝑑𝜎𝑠 [𝑝𝑞|𝑟𝑠]

𝑁𝜎

𝑠=1

𝑁𝜆

𝑟=1

𝑁𝜈

𝑞=1

𝑁𝜇

𝑝=1

 

 𝑠1𝑠2 𝑠3𝑠4 =
𝜋3

𝐴𝐵 𝐴 + 𝐵
𝐾12(𝐑   12)𝐾34(𝐑   34)𝐹0  

𝐴𝐵

𝐴 + 𝐵
[𝐑   𝐏 − 𝐑   𝐐]

2  

𝐴 = 𝛼1 + 𝛼2, 𝐵 = 𝛼3 + 𝛼4, 𝐹0 𝑡 =
𝑒𝑟𝑓   𝑡 

 𝑡
, 

𝐑   𝐤𝐥 = 𝐑   𝐤 − 𝐑   𝐥, 𝐑   𝐏 =
𝛼1𝐑   𝟏+𝛼2𝐑   𝟐

𝐴
, 𝐑   𝐐 =

𝛼3𝐑   𝟑+𝛼4𝐑   𝟒

𝐵
, 

𝐾𝑖𝑗  𝐑   𝑖𝑗  = 𝑒𝑥𝑝  −
𝛼𝑖𝛼𝑗

𝛼𝑖 + 𝛼𝑗
 𝐑   𝑖 − 𝐑   𝑗  

2
  



• Solution

Imagination Unbound

for (shell1 = 0; shell1 < totNumShells; shell1++) {

for (shell2 = shell1; shell2 < totNumShells; shell2++) {

for (shell3 = shell1; shell3 < totNumShells; shell3++) {

for (shell4 = shell3; shell4 < totNumShells; shell4++) {

} } } }

allprims = cs1_numPrimitives * cs2_numPrimitives * cs3_numPrimitives * cs4_numPrimitives;

for (i = 0; i < allprims; i++)

{

}

Primary FPGA

compute

A, B, rpq2

I1, I2, I3

p_product = I1*I2*I3 * 

Coeff1*Coeff2*Coeff3*Coeff4;

sent to bridge

A, B, rpq2, p_product

stream  

over bridge

Secondary FPGA

receive from bridge

A, B, rpq2, p_product

compute

rho, X, weight

fp_accum_32 (sqrtf(F_PI*rho) 

*p_product*weight, …

data in

data out

OBM A-D

OBM F

BRAM

BRAM

Device Utilization Summary:

Number of MULT18X18s              209 out of 444    47%

Number of RAMB16s                     37 out of 444     8%

Number of SLICEs                    44094 out of 44096  99%

Device Utilization Summary:

Number of MULT18X18s               46 out of 444    10%

Number of RAMB16s                     64 out of 444     14%

Number of SLICEs                    15677 out of 44096  35%
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SRC-6 MAP E processor

Model 1

# of atoms 30

Basis set 6-311G

# of integrals 528,569,315

# of reduction 

elements

3,146,010

SRC-6 host (sec) 70.55

SRC-6 MAP E 

(sec)

25.42

Speedup 2.8x

Model 2

# of atoms 64

Basis set STO-6G

# of integrals 2,861,464,320

# of reduction 

elements

2,207,920

SRC-6 host (sec) 518.90

SRC-6 MAP E 

(sec)

42.85

Speedup 12.1x


