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Abstract: The emerging many integrated core architecture (MIC) Xeon Phi coprocessor becomes the mainstream platform for high

performance computing. For database applications, in-memory analytics requires computation intensive workload in which the in-memory
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foreign key joins between big fact table and dimension tables dominate the OLAP performance. This paper focuses on a cache-friendly
foreign key join with respect to cache-conscious radix partitioning oriented hash join and cache-oblivious no-partitioning hash join to
adapt to the small LLC size and massive simultaneous multi-threading mechanism of Xeon Phi coprocessor. By exploiting the
characteristic of surrogate key in OLAP schema, the key matching oriented hash probing can be further simplified as surrogate key
referencing between fact table and dimension tables with PK-FK reference constraint, so that the complex hash table and CPU cycle
consuming hash probing can be simplified as directly referencing surrogate vector by mapping foreign key to offset address of surrogate
vector. The surrogate vector referencing oriented foreign key join is simple and efficient to be implemented for Xeon Phi coprocessor for
more cores, and also offers massive simultaneous multi-threading mechanism to overlap memory access latency. In experiments, the
surrogate vector referencing foreign key join algorithm and traditional hash join algorithms (NPO and PRO) are compared on both Xeon
E5-2650 v3 10-core CPU platform and Xeon Phi 5110P 60-core platform, the experimental results provide a comprehensive perspective
for how the mainstream in-memory foreign key join algorithms perform with different datasets on different platforms.

Key words: in-memory OLAP; foreign key join; surrogate key; surrogate vector referencing
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Table 1 Surrogate key in database benchmarks

Fz 1 $ds/E Benchmark A4 2

*® AT AR At b bk e S R B
customer 1,2,3,... flkey)=key—1
SSB supplier 1,2,3,... Slkey)=key—1
part 1,2,3,... flkey)=key—1
date 19920101,19920102,... | flkey)=date(key)—date(key,)
customer 1,2,3,... flkey)=key—1
supplier 1,2,3,... flkey)=key—1
TPC-H part 1,2,3,... flkey)=key—1
nation 0,1,2,... flkey)=key
region 0,1,2,... Sflkey)=key
call center 1,2,3,... flkey)=key—1
catalog page 1,2,3,... flkey)=key—1
customer 1,2,3,... flkey)=key—1
customer_address 1,2,3,... flkey)=key—1
customer_demographics 1,2,3,... Nfkey)y=key—1
date_dim 2415022,2415023,... fkey)=key—key,
household demographics 1,2,3,... flkey)=key—1
income_band 1,2,3,... flkey)=key—1
TPC-DS item 1,2,3,... flkey)=key—1
promotion 1,2,3,... flkey)=key—1
reason 1,2, 308 flkey)=key—1
ship_mode L2 & .. flkey)=key—1
store 1.2,3.% flkey)=key—1
time_dim 0,1,2,... flkey)=key
warehouse 1,2,3%.. Slkey)=key—1
web_page l1,2,38. . flkey)=key—1
web_site 1,2,3,... flkey)=key—1

2.2 KERZRSINH

AR 3R 5 LA R AR BEAE D 2R G, JF 0 o A0 Bt ok S ST A B 2 45 A JLSE UL 7 B A2 3
AT TR 2 A A 2 AR AR T AR B B 2 IR SR A AR B A1 B 4 2 IR R DR AL B 0 I e

2O P (K B8 2 v v 2 3 00 BRI A AR BB A1 D o8, mT LA e 1 AR B 2R 5 L o S B AR B )
B R Ak RS U5 i) A TPC-H A1 TPC-DS H [ 2 524 2 A A7 £ - A1 2 T 5 4 1k 240 (0 S SRR 3
A A A BB A DAy S, 0 AR 2 3R ) SR W A5 T B 13 A I 7™ A 5 0 B A TR B AT T A AR A B 11
2> W 52 Mk 20 SRR A i A BB 2R 51, 2 )38 1 438 A1 e A DAy T A 1)t b e S 8 AR 4 < S 3 ) 3
AN RSB O, B AT Bt T AR B R 5 e AL LA QB B R 5 I HLH, B 45 & TPC-H i) BAR Sl 3k 47
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Fig.2 Example for surrogate key index mechanism

K2 ARELEER S LG

TPC-DS H, 57523 store_sales {152 & L4 K (ss_item_sk,ss_ticket number),store_return & [f] 52 & 4 4 (sr_
item_sk,sr_ticket number),Jf H.i% & & E8E 4 store_sales & T- 4 (ss_item_sk,ss_ticket number) ] &b, [7) #5 T
i1} store sales K FI store return 3R 34— AN B 51 QB 4D B 51) 4K 2L 20 WAL O 328 4682 1) 2 4507 51 5 A 4
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2.3 KIBRERSIEHIS
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surregate key | d_datekey | d_date d_dayofweek | d_month | d_vear Dim_wvec
21-49920102) _2-Jan-92|Friday Jamuary 1992 _y[1]|Thursday
o 19920109 9-Jan-92|Friday = |Jammary | ~ 1992—="—»[2]|Friday
5 1‘]_9@2_0105‘ 5-Jan-92 |Monday Jamuary | --T1992| __ __ 4 [3]|Saturday
12{. 19920112 12Faa:92[Monday ——=—Jamdry | 1992 ___ »[4]{Sunday
3|-19%926103] ~ 3-Jan-92[Saturday -~~~ |Janwary =T~ " 1992]~———-»[5]|Monday
101-19920110[ 18-Jan-92|Semiday  ~~ {January 1992 __v[6]|Thursday
4119970104} - 4-Jai-92{Sunday Jamuai~~| 199217, [7]|Wednesday
11} 19920311 11-Jan-92|Sundd™~_ _ |Jamuary ~| 19921.-="__,[8]|Thursday
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Fig.4 Surrogate vector referencing oriented foreign key join algorithm
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FOR R X [WEMidx& DO
FillingSV(PK,q,SV.,Dict); //R& 518 1 Rk X B g i B P IF 83 Dicr 47,6 4ii g it 4 32 4 -
PK {H WS bk 78 AR ) 1 SV
END FOR;
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END FOR;
Return Res;
END.
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Fig.5 Cache adaptability of different join algorithms on CPU
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Fig.6 Cache adaptability of different join algorithms on Phi coprocessor
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Fig.7 Comparison of different join algorithms on Phi coprocessor
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