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Introduction 
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Challenges 
 5G Mobile Networks 
 Mobile Edge Computing 
 Tactile Internet 
 Internet of Things 

Requirements 
 Throughput 
 Latency 
 Energy 

MPSoC 
 Application-Specific 
 Customizable 
 Energy-Efficient 

Database 
System 
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Database Systems 

Query Processing 
 

 Big Data 
      Query Throughput 
 Direct interconnection to user 

and storage 
      Query Latency 
 
 

 Database Accelerator 
(DBA) 
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SQL (Structured Query Language): 
BEGIN 
    FOR X IN 0 .. 255 Loop 
        SELECT * WHERE data=X 
    END Loop 
END; 
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Base Processor 

 
 Tensilica Xtensa LX5 

RISC Processor 
 Local RAM 

 2x 32kB data 
 1x 32kB instruction 

 XLMI 
 1 Load-Store unit 

(LSU) 
 32 bit data 
 32 bit instruction 
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Extended Processor 
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 Tensilica Xtensa LX5 RISC 

Processor 
 Database-Specific 

Instruction Set 
 Local RAM 

 2x 32kB data 
 1x 32kB instruction 

 XLMI 
 2 Load-Store units (LSU) 
 2x 128 bit data 
 64 bit instruction 

 64 bit FLIX 
 Data Prefetcher 
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DBA Applications 
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<32 Bit Key> 

Bit Selection (32 Bit n Bit) 
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Hashing 
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Bitmap Index Compression 
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Hashing: TIE Development 
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1 cycle 

1 cycle 
1 cycle 

//init pointer, variables 
init_states(key, hashValue, hashFunc); 
 
LD_0(); LD_1(); 
 
//load keys, extract bits, store hash values 
for(i=0; i<(keySize/16); i++){ 

 LD_0(); LD_1(); HOP(); 

 LD_0(); LD_1(); 

 HOP(); ST_0(); ST_1(); 
} 
 
HOP(); 
ST_0(); ST_1(); 

unsigned int hash, shVal, shVal_neg; 
unsigned int mask = 0xFFFFFFFF; 
 
for(i=0; i<keySize; i++){ 
 //load key, bit selection 
 hash = key[i] & hashFunc; 
 
 //extract bits 
 for(j=30; j>=0; j--){ 
 if(!(hashFunc & (0x1<<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 C code with TIE instructions 
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Hashing: Instruction Flow 

Slide 8 

D
at

af
lo

w
 

D
at

af
lo

w
 

Load 

Execution 

Load 

ST 

HO
P 

LD
_0

 
LD

_1
 

 Key_0 Key_1 Key_2 Key_3 

 Key_4
  

 Key_5
  

 Key_6
  

 Key_7 

Result_0 
Result_1 

Result_3 

Result_5 

HASH Op. 

Load-Store Unit 1 

Load-Store Unit 0 

Local Data Memory 1 

Local Data Memory 0 

Hash Func HASH Op. 
HASH Op. 

HASH Op. 

HASH Op. 
HASH Op. 

HASH Op. 
HASH Op. 

Result_2 

Result_4 

Result_6 
Result_7 

09/02/2016 



Hashing: Pipeline Snippet 
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Hashing: Results 
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Throughput                           nkey: number of keys 
   t:      time to perform the operation 

𝑇𝑇 =
𝑛𝑛𝑘𝑘𝑘𝑘𝑘𝑘
𝑡𝑡  

+1 Load-Store unit 
(2x) 

+ TIE instructions 
(500x) 

Data bus: 32 128 bit 
(2x) 

Final processor 
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Tomahawk Concept 
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Tomahawk3 MPSoC 

• 28 nm CMOS SLP 
Globalfoundries 

• Die Size: 18 mm² 

• Tape-Out: Oct. 2014 

• 5 Core heterogeneous 
MPSoC (2 core types) 

• Network-on-Chip: 
High-Speed Serial 
Data Link with 2 
Routers 

• Power Management: 
DVFS, AVS 

• 2x LPDDR2 Memory 
Interface: 2x 64 MB 
SDRAM 
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• Processing Elements: 
• Tensilica Xtensa LX5  
• Extended Instruction 

Set for  Database 
Applications 

• CoreManager: 
• Optimized for query 

processing 
• Tensilica Xtensa LX5  
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Single Core Performance 
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System Level 
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CoreManager Processing Element 
DMAC Core 

Global Memory 

Init Data Trf.: READ Start Data Transfer 

Start Core 

Data Transfer 

End Data Transfer 

Processing 

Data Transfer 

Core finished 

Init Data Trf.: WRITE 
Start Data Transfer 

End Data Transfer 
Data Transfer Data Transfer 

READ 

WRITE 
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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: 

 
 
 
 
 
 

 Advantages 
 High instruction level parallelism 
 High data level parallelism 
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Input set with 
8-bit elements 

Result set with 
single bits 
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Scan Benchmark: Results 
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Performance Power Consumption 

Speedup due to: 
 Core Extensions/TIE: 100x 
 1 core  4 cores: 4x 

Power increase due to: 
 Core Extensions/TIE: 10mW 
 1 core  4 cores: 190mW 
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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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Benchmark Comparisons 
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App. Scenario Scan WAH Indexing 

Tomahawk3 2x Intel Xeon 
E5-2690 [1] 

2x Intel Xeon 
E5430 [2] Tomahawk3 Intel i7-

2600K [3] 
NVIDIA 

GTX-670 [3] 

Processing Cores 4 16 8 4 4 1344 

Clock Freq. [GHz] 0.5 2.0 2.66 0.5 3.4 0.98 

Data Deposit Loc. Mem DRAM Cache DRAM DRAM Loc. Mem DRAM DRAM DRAM 

Total Throughput 
[Gbit/s] 254.4 25.0 1281.4 537.0 4.47 2.26 2.26 0.3 1.26 

Total Power [W] 0.25 0.735 123.2 159.9 190 0.238 0.753 - - 

DRAM Power [W] 0.005 0.282 3.151 32.127 40 0.006 0.282 - - 

Power/Throughput 
[nJ/bit] 0.001 0.029 0.096 0.298 42.5 0.105 0.333 - - 
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Tomahawk3 Demonstrator 
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