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CELL Projekt

• Cluster von mehreren PS3

• Schauen, wie die PS3 für wissenschaftliche 
Rechnungen geeignet sind



CELL-Prozessor

• 1 PPE (allgemein)

• 8 SPE (optimiert für spezifische Aufgaben)

=> Eigentlich 9 Prozessoren



CELL Projekt

• Berkeley: LBN -> Erfahrene Leute

• Von Zürich (ETH + Uni):

• Mauro Calderara

• Jonathan Coles

• François Gaignat

• (Denis Nordmann)



CELL Projekt

• Was für ein Programm könnte nützlich sein ?

• -> Zahlen mit grosser Genauigkeit

• einige Beispiele: qd/dd, arpec... (generisch)

• -> für den CELL-Prozessor optimiert, und 
mit einem “IEEE-like”-Format



HFN

• Hybrid Floating-point Number

• Vorzeichen: 1 bit

• Exponent: 11 bits

• Mantissa: 116 (+1) bits

• => insgesamt 128 bits



HFN

• double: 1 + 11 + 52 bits

• unsigned long long: 64 bits

• CELL Register: 128 bits

} 128 bits



HFN

• Addition

• Multiplikation

• ...

• Tests



HFN

• Addition

• Multiplikation
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• Tests



HFN
C / C++

• C:

• void hfn_mul(hfn_t, hfn_t, hfn_t*);

• C++:

• hfn operator*(const hfn&, const hfn&);



Multiplikation

• Mantissa zerlegen

• Teile multiplizieren

• addieren (mit Übertrag)

• Exponent, Vorzeichen berechnen (Addition)



Multiplikation

Mantissa zerlegen

end are just used for the calculation and are not stored in the hfn format.
The following picture shows how the number looks like:

A:

sign exponent mantissa
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Basic algorithm

The parts of the mantissa a1, a2, . . . b4 are extracted from the number with
a shift and a logical AND operation: the shift operation aligns the bits and
the AND operation clears all the bits that are not needed. The first part
(a1) also needs an other operation: a logical OR to set a bit, the hidden 1.

Then the products are computed. The first part of the number A (a1) is
multiplied with all parts of B: a1 ∗ b1, a1 ∗ b2, a1 ∗ b3 and a1 ∗ b4. The second
part of A is just multiplied with b1, b2 and b3, the third part of A with b1 and
b2 and the fourth part of A with b1.

The next step is to combine the products in order to get the bits that
will form the mantissa of the result.

If the mantissa is represented as an integer, the product of both mantissas
is given by the following expression:

8∑

i=2

4∑

j=1

aj ∗ bi−j ∗ 230(8−i)

where b5, b6 and b7 are 0. The sum of the indices of both factors of a product
determine the weight of the product in the result.

The result that will be computed is just an approximation of the exact
result. The terms with low weight will not be computed. that means that the
number that will be computed just contains the high-order bits of the product
of both mantissas. The last bits of this number may be wrong because the
carry of the low-order part is not computed.

The products with a given weight are added and the resulting sum is split
into two parts: the low-order bits are a part of the result and the high-order
bits will be added to the next sum. The following picture shows how it is
done in the current implementation:
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Multiplikation

Teile multiplizieren, addieren
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34 bits30 bits

62 bits

a1 ∗ b1 a1 ∗ b2 a1 ∗ b3 a1 ∗ b4

a2 ∗ b1 a2 ∗ b2 a2 ∗ b3

a3 ∗ b1 a3 ∗ b2

a4 ∗ b1

r1 r2 r3cy1 cy2 cy3

+

+

+

Each time some terms are added, the 34 most significant bits of the sum
are added to the next sum. These bits are represented by cyi in the picture
(i = 1, . . . 3). They play the role of a carry. The other bits are a part of
the final mantissa. The bits of the result are represented by the number
r := r1 ∗ 260 + r2 ∗ 230 + r3.

The numbers a1 and b1 are at least 230. That means that the number
r is at least 260 ∗ 260 = 2120. And the number r contains at most 122 bits,
because a1, b1 < 231 ⇒ a1 ∗ b1 < 262.

The most significant 117 bits, beginning with the most significant 1, will
determine the mantissa of the result. Because r ≥ 2120, the most significant
1 is the bit number 121 or 122 (if the bits are numbered from 1 to 122, from
the least significant one to the most significant one). The value of the bit
122 will be called d. It will be necessary for computing the mantissa and the
exponent of the result.

If d is 1, the bits will be shifted one position to the right, so that the two
most significant bits (122 and 121) are 0 and 1. The 1 in the bits 121 is the
hidden 1. It will not be stored, but the next bits will: the 116 bits that will
be written in the mantissa are the bits number 5 to 120. The 4 bits that will
not be stored should ”absorb” the error that is caused by the lower-order
bits that are not computed.
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Multiplikation

Exponent: eC = {

Vorzeichen: sC = sA XOR sB

eA+eB

eA+eB+1



Tests

• Correctness: 

• vergleichen mit dem exakten Resultat

• vergleichen mit einer anderen Bibliothek

• Performance:

• eine Operation widerholen und die Zeit 
messen



CELL Implementation
Einige Abweichungen vom idealen Algorithmus

• Intrinsics:

+Geschwindigkeit

- nur für den CELL-Prozessor

• 8 Teile für die Mantissa

• Vorzeichen und Exponent werden 
gleichzeitig berechnet



Einige Resultate
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Addition Multiplikation

double hfn dd
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Es ist noch nicht fertig...

• /, exp, log, sin, cos, ...

• andere Projekte

• MPI

• FastBit

• Cactus Kernel

• Supernovae Simulations



Fragen ?


