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SQL (Structured Query Language):
BEGIN
FOR X IN O .. 255 Loop
SELECT * WHERE data=X
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END; .
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Hashing: TIE Development

unsigned int hash, shVal, shVal_neg;
unsigned int mask = OxXFFFFFFFF;

for(i=0; i<keySize; i++){
//load key, bit selection
hash = key[i] & hashFunc;

//extract bits
for(j=30; j>=0; j--){
if("(hashFunc & (Ox1<<j))){
//partial shift right
shVal = hash & (mask<<j);

shVal_neg = hash & —(mask<<j);

hash = (shval>>1) | shval_neg;

}
}

//store hash value
hashValue[i] = hash;

Pure C code
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//init pointer, variables
init_states(key, hashValue, hashFunc);

LD_0(Q); LD_1();

//load keys, extract bits, store hash values
for(i=0; i<(keySize/16); i++){

LD _0Q); LD _1(); HOP(); 1 cycle
LD _0Q; LD _1(); 1 cycle
HOP(); ST_0(Q); ST_1(); 1 cycle
h
HOP();

ST_0(Q); ST_1(0;

C code with TIE instructions

09/02/2016

Slide 7



. : TECHNISCHE
Hashing: Instruction Flow UNIVERsnAT

DRESDEN

O vodafone chair

— Local Data Memory O \ )
o
> o Load-Store Unit 0 — Load
O
[ v —
% — Key O Key 1 Key 2 Key 3 —
S /[ v \ | ST
HASH Op. Result 0
Hash Func HASH Op. Result 1
HASH Op. Result 2
v o HASH Op' Result 3 .
S 1 — [EXxecution
A HASH Op. Result 4
HASH Op. Result 5
HASH Op. Result 6
> HASH Op. Result 7
= L Key 4 | Key 5 | Key 6 Kem7_/t_“ —
E am y_ y_ y_ y_/ | —
©
O - .
a Load-Store Unit 1 — Load
Local Data Memory 1 r —

09/02/2016 Slide 8



Hashing: Pipeline Snippet @ JECHNISCHE

DRESDEN

O vodafone chair

S, 8§, &, T, 0, T, T
£ k| El OE OE| OE OE|OE
c ~ ~ ~ = K = = )
L>J\ Q Q © (@] [&) O O 5]
© O ©) O O ) O O O
)
ST O
S
) ——
HOP ST 1
S —
LD 0 ) —
— HOP >l sT 0
LD_1 > -
LD 0 ( ) )
— ——>{ Hop ST 1
- \ —
LD_0 ) — Latency:
- > HOP ST 0
= — — 6 cycles
LD 0 ) S
= HOP ST 1
LD_1 > —
LD 0 )
— HOP
LD_1 >
LD_0
LD_1

09/02/2016 Slide 9



. TECHNISCHE
Hashing: Results UNIVERSITAT

O vodafone chair

=fli=HASHI, 2 LSUs  ==e=HASHI, 1 LSU  ==@==HASH_RISC ===108Mini

10000 / Final processor
O

= N +1 Load-Store unit
(2x)

.1

1000

100
+ TIE instructions

(500x)
10

W
VY L < < Data bus: 32 =128 bit

- Y AN II\ II\ 7 II\ (2X)
0 2000 4000 6000 8000

Number of Keys

Throughput [Million keys per second]

nkey

Throughput T = Ngey: NUMber of keys

t:  time to perform the operation

09/02/2016 Slide 10



Tomahawk Concept

TECHNISCHE
UNIVERSITAT
DRESDEN

O vodafone chair

Control-Plane Subsystem Data-Plane Subsystem
T Control Local
SW Application Clow Memory
Application PE1
Processor
Core
Manager
Local
Global Memory
Memory
- J { S PEn
N _ N . J
Data
Flow s1 s2 s2 s3 = L= PE3
Arafm2| 314|213 | T4 ]| TS =) 1312 PE2
Dol |raltal1s| pe2

Dynamic out-of-order task dispatching

09/02/2016

Slide 11



Tomahawk3 MPSoC 45 e

DRESDEN

O vodafone chair

e 28nm CMOS SLP — \
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e U —
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Power Management: « Processing Elements: « CoreManager:
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. Sorted-Set . . . . .
Algorithm Operations Sorting Hashing Searching Bitmap Operations
. WAH WAH
. Merge Bit Ex-| Sam- . WAH Com- Logical
Operator Intersection . . Equality Search . Decom-
Sort traction| pling pression . AND
pression .
Operation
'[:l’:fi':f'w'd‘h 32 | 16 | 32 16 32 32 4 | 8 | 16 | 32 32 32 32
Area Percentage” | , o | o4 | 104 | 233 | 56 107 | 02| 03|04 |05 28 29 3.4
o . . . . . . . . . . . . .
RISCY:
Throughput [Gbit/s]| 0.058 | 0.063 | 0.004 | 0.004 | 0.083 | 0.064 | 0.43|0.65|1.86|372| 0.25 0.5 161
Power [mW] 433 | 525 | 582 | 603 | 406 | 530 |525|527|565|544| 508 47.8 60.4
;‘i’;‘t’;‘?{]’tho”ghp“‘ 742.5|834.2 [14934.6[16752.1| 487.5 | 828.4 |122.4|81.3|30.1|146| 2009 96.6 37.6
DBA-ASIP”:
Throughput [Gbit/s]| 1.49 | 3.17 | 0.032 | 0.063 | 82.13 | 82.41 | 63.5|63.6 | 63.6 |63.6 10.3 28.1 48.4
Power [mW] 69.8 | 786 | 609 | 643 | 734 | 635 |635|61.2|62.1|623| 558 50.8 66.7
;‘3‘;{3‘?{1’““’“9“"“‘ 46.9 | 24.8 [1892.5/10222| 090 | 08 |10 |096|098|098| 54 1.8 14
Energy Gain
RISC/DBA-ASIP 16X 34x 8x 16x 542x 1036x | 122x| 85x | 31x | 15x% 37x 54x 27X

" Relative Area Consumption of the functional database units regarding to the complete DBA processor
9 Measured on the DBA cores of the Tomahawk3 without database-specific instruction set with fyax = 500 MHz @ Vop=1.1V
 Measured on the DBA cores with fya = 500 MHz @ Voo=1.1V
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System Level

CoreManager
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-—>
{ Data Transfer J

l—

[
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| End Data Transfer o——"" |

>(__ DataTransfer |
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Scan Benchmark
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= Scan operation “scans” data set with respect to a reference element

(Filtering, Equality Search)
= Result of comparison is one bit

= TIE Instructions available for 4, 8, 16, and 32-bit input values

= Example:
Input set with Result set with
8-bit elements single bits
15 0
S Scan 1
L reference element: 5 ” 0
26 ' 0
5 1

= Advantages
a High instruction level parallelism
o High data level parallelism
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Scan Benchmark: Results

Performance
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Power Consumption
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Scan Benchmark: Results
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Energy decrease due to:

Core Extensions/TIE:  100x
1 core - 4 cores: negligible
500MHz - 250 MHz  4x
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Tomahawk3 2x Intel Xeon 2x Intel Xeon Tomahawk3 Intel i7- NVIDIA
E5-2690 [1] E5430 [2] 2600K [3] GTX-670 [3]
Processing Cores 4 16 8 4 4 1344
Clock Freq. [GHZ] 0.5 2.0 olG 0.5 3.4 0.98
Data Deposit Loc. Mem DRAM Cache DRAM DRAM Loc. Mem DRAM DRAM DRAM
Total Throughput 254.4 25.0 12814 537.0 4.47 2.26 2.96 0.3 1.26
[Gbit/s]
Total Power [W] 0.25 0735 1232 1599 190 0.238 0.753 ; ;
DRAM Power [W] 0.005 0282  3.151 32.127 40 0.006 0.282 ; :
PowerfThroughput 4 759 0.029  0.096 0.298 42.5 0.105 0.333 i i
[nJ/bit]
References:

[1] F Fusco, et al., “Indexing Million of Packets per Second using GPUSs,” In Proceedings of the 2013 Conference on
Internet Measurement Conference (IMC'13), 2013.

[2] I. Psaroudakis, T. Kissinger, D. Porobic, T. llsche, E. Liarou, P. T6zln, A. Ailamaki, and W. Lehner. Dynamic fine-grained
scheduling for energy-efficient main-memory queries. In Proceedings of the Tenth International Workshop on Data
Management on New Hardware, DaMoN'14, 2014.

[3] D. Tsirogiannis, S. Harizopoulos, and M. A. Shah. Analyzing the energy efficiency of a database server. In Proceedings
of the 2010 ACM SIGMOD International Conference on Management of Data, SIGMOD'10, 2010.
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Thank you!
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