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What is Entity Resolution?

Problem of identifying and linking/grouping different manifestations of the same real
world object.
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Figure 1: Basketball Player

Figure 2: Professor at UC, Berkeley
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BigData ER Challenges

ER suffers from a quadratic time complexity, O(n2)

1000 business listings each from 1,000
different cities across the world
■ 1 trillion comparisons

■ 11 days (if each comparison is 1 us)

Candidate selection step

■ Blocking (e.g., hashing/clustering ):
groups similar entities into blocks.

■ Filtering (e.g., similarity join): removes
dissimilar entity pairs while potentially
keeping some non-matching pairs.

Blocking
Brute-force approach

Filtering

En
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Entities

Duplicate pairs

Blocking Filtering Matching

Scope of this paper

Entities

Duplicate pairs

Broadly BLOCKING
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Rule-based BLOCKING

eid pno pname price sname description color saddress

e1 t1 Apple Mac Air $909 Comp. World
Apple MacBook Air

(13-inch, 8GB RAM, 256GB SSD) Ashen
9 Barton Grove,

McCulloughmouth

e2 t2 ThinkPad - Smith’s Tech

ThinkPad E15,
15.6-inch full HD IPS display,
Intel Core i5-1235U processor,

(16GB) RAM | 512GB PCIe SSD)

Gray
Seg Plaza,

Hua qiang North Road

e2 t3 ThinkPad $849 Smith’s Tech
Lenovo E15 Business ThinkPad, 15.6-inch

full HD IPS display, 12 generation
Intel Core i5, 16GB RAM, 512GB SSD

Gray
Seg Plaza,

Hua qiang North Road

e1 t4 MacBook Air $909 Comp. World
Apple 2022 MacBook Air M2 chip 13-inch,

8 GB RAM, 256 GB SSD storage gray Gray -

e1 t5 MacBook Air $909 Comp. World - Gray
Barton Grove,

McCulloughmouth

■ φ1 : t.color = s.color∧ t.price= s.price∧ t.sname= s.sname∧ t.pname≈ED s.pname→ t.eid= s.eid

■ φ2 : t.sname= s.sname∧ t.description≈JD s.description→ t.eid= s.eid

■ φ3 : t.saddress ≈ED s.saddress∧ t.description≈JD s.description→ t.eid= s.eid
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Apple MacBook Air
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McCulloughmouth

e2 t2 ThinkPad - Smith’s Tech

ThinkPad E15,
15.6-inch full HD IPS display,
Intel Core i5-1235U processor,

(16GB) RAM | 512GB PCIe SSD)

Gray
Seg Plaza,
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e2 t3 ThinkPad $849 Smith’s Tech
Lenovo E15 Business ThinkPad, 15.6-inch

full HD IPS display, 12 generation
Intel Core i5, 16GB RAM, 512GB SSD

Gray
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e1 t4 MacBook Air $909 Comp. World
Apple 2022 MacBook Air M2 chip 13-inch,

8 GB RAM, 256 GB SSD storage gray Gray -

e1 t5 MacBook Air $909 Comp. World - Gray
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McCulloughmouth

■ φ1 : t.color = s.color∧ t.price= s.price∧ t.sname= s.sname∧ t.pname≈ED s.pname→ t.eid= s.eid
− t4 is a potential match for t5

■ φ2 : t.sname= s.sname∧ t.description≈JD s.description→ t.eid= s.eid
− t1 is a potential match for t4

■ φ3 : t.saddress ≈ED s.saddress∧ t.description≈JD s.description→ t.eid= s.eid
− t2 is a potential match for t3
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Entity Resolution on 10+ Million Tuples

Dataset: TFACC: 10 million tuples, each described by 16 attributes

Enviroments:

A cluster of 30 HPC servers, powered with 2.40GHz Intel Xeon Gold CPU

1 × Nvidia Tesla V100 GPU

Summary:

Solution Execution Time Characteristics

Dedoop >3 hours Distributed implementation (30-nodes)
DisDedup >3 hours Distributed implementation (30-nodes)
SparkER >3 hours Distributed implementation (30-nodes)

Faiss + Ditto Out of Memory Simlarity Join + Matcher (GPU)
DeepBlocker + Ditto Out of Memory Learned Blocker + Matcher (GPU, SOTA)

Existing methods cannot process 10M+ tuples, even on a 30-node cluster
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Our Contributions

■ The data/rule-aware execution plan for BLOCKING
− Tree representation of execution plan
− Cost models for User Dedefie Function(UDFs)

■ The GPU hardware-aware parallelism for BLOCKING
− Task stealing + parallel sliding window

■ Multi-GPUs collaboration

Speed
80% - 9.1X

VS 30-Node Distributed Blocker 
& GPU-Accelerated Blocker

(SOTA in Efficiency)

Space
<latexit sha1_base64="bIXhgTViIt8WxnSBWVet/IiAdkw="></latexit>→<latexit sha1_base64="bIXhgTViIt8WxnSBWVet/IiAdkw="></latexit>→  75%

VS Learned Blocker
(SOTA in Accuracy)

Accuracy
<latexit sha1_base64="KzD1jMKfPJnGCdAkS5Dftonv8Qw=">AAAB8HicbZC5TgMxEIa94QrhCkdHY5EgUUW7FIGOSBRQBokcKFlFXsdJrPiS7UWEVZ6ChgKEaCl4Cp6AjpI3wTkKSPglS5/+f0aemUgxaqzvf3mphcWl5ZX0amZtfWNzK7u9UzUy1phUsGRS1yNkCKOCVCy1jNSVJohHjNSi/vkor90SbagU13agSMhRV9AOxcg66ybfREppeZdvZXN+wR8LzkMwhdzZx/33xfteUm5lP5ttiWNOhMUMGdMIfGXDBGlLMSPDTDM2RCHcR13ScCgQJyZMxgMP4aFz2rAjtXvCwrH7uyNB3JgBj1wlR7ZnZrOR+V/WiG3nNEyoULElAk8+6sQMWglH28M21QRbNnCAsKZuVoh7SCNs3Y0y7gjB7MrzUD0uBMVC8SrIlUpgojTYBwfgCATgBJTAJSiDCsCAgwfwBJ497T16L97rpDTlTXt2wR95bz+LYpP6</latexit>→<latexit sha1_base64="KzD1jMKfPJnGCdAkS5Dftonv8Qw=">AAAB8HicbZC5TgMxEIa94QrhCkdHY5EgUUW7FIGOSBRQBokcKFlFXsdJrPiS7UWEVZ6ChgKEaCl4Cp6AjpI3wTkKSPglS5/+f0aemUgxaqzvf3mphcWl5ZX0amZtfWNzK7u9UzUy1phUsGRS1yNkCKOCVCy1jNSVJohHjNSi/vkor90SbagU13agSMhRV9AOxcg66ybfREppeZdvZXN+wR8LzkMwhdzZx/33xfteUm5lP5ttiWNOhMUMGdMIfGXDBGlLMSPDTDM2RCHcR13ScCgQJyZMxgMP4aFz2rAjtXvCwrH7uyNB3JgBj1wlR7ZnZrOR+V/WiG3nNEyoULElAk8+6sQMWglH28M21QRbNnCAsKZuVoh7SCNs3Y0y7gjB7MrzUD0uBMVC8SrIlUpgojTYBwfgCATgBJTAJSiDCsCAgwfwBJ497T16L97rpDTlTXt2wR95bz+LYpP6</latexit>→

VS Learned Blocker
(SOTA in Accuracy)
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Observation 1

Not all predicates entail equivalent satisfaction or computational costs
eid pno pname price sname description color saddress

e1 t1 Apple Mac Air $909 Comp. World
Apple MacBook Air

(13-inch, 8GB RAM, 256GB SSD) Ashen
9 Barton Grove,

McCulloughmouth

e2 t2 ThinkPad - Smith’s Tech

ThinkPad E15,
15.6-inch full HD IPS display,
Intel Core i5-1235U processor,

(16GB) RAM | 512GB PCIe SSD)

Gray
Seg Plaza,

Hua qiang North Road

e2 t3 ThinkPad $849 Smith’s Tech
Lenovo E15 Business ThinkPad, 15.6-inch

full HD IPS display, 12 generation
Intel Core i5, 16GB RAM, 512GB SSD

Gray
Seg Plaza,

Hua qiang North Road

e1 t4 MacBook Air $909 Comp. World
Apple 2022 MacBook Air M2 chip 13-inch,

8 GB RAM, 256 GB SSD storage gray Gray -

e1 t5 MacBook Air $909 Comp. World - Gray
Barton Grove,

McCulloughmouth

More discriminative in the “description” attribute
“description”: Long-text field containing discriminative features for entity resolution
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Higher computational efficiency on the “color” attribute.
“color”: The computation of short-text similarity necessitates only few operations
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Solution: Query optimization for User Dedefie Function

Quantifies the likelihood that predicate
p is satisfied on attribute a of dataset D

Low discriminative (e.g. color)

High discriminative (e.g. description)

1

LSH

2 2 1 3 2 2

1

LSH

2 4 3 3 0 0

Quantifies the efficiency of computing
p on attribute a of dataset D

Historical logs

Tuple-pairs: 
<latexit sha1_base64="nI/07mIXnHZfnpHSbRjwEnFQtV0=">AAAB/XicbVA9SwNBEN3zM8av+FXZLCZCBAl3gtEyYGOpYIyQhGNvM4lr9vbO3TkhBrGz8gdYamGhiK3/w85/4+aj0OiDgcd7M8zMC2IpDLrulzM2PjE5NZ2aSc/OzS8sZpaWT02UaA5lHslInwXMgBQKyihQwlmsgYWBhErQPuj5lSvQRkTqBDsx1EPWUqIpOEMr+ZnVXB59sU3Rv9jaFjUFl/Qi52eybsHtg/4l3pBkS8tPdw+7a/dHfuaz1oh4EoJCLpkxVc+Nsd5lGgWXcJOuJQZixtusBVVLFQvB1Lv962/oplUatBlpWwppX/050WWhMZ0wsJ0hw3Mz6vXE/7xqgs39eleoOEFQfLComUiKEe1FQRtCA0fZsYRxLeytlJ8zzTjawNI2BG/05b/kdKfgFQvFYy9bcskAKbJONkieeGSPlMghOSJlwsk1eSQv5NW5dZ6dN+d90DrmDGdWyC84H9/I8ZZt</latexit>

(ti, tj), i →= j
<latexit sha1_base64="nI/07mIXnHZfnpHSbRjwEnFQtV0=">AAAB/XicbVA9SwNBEN3zM8av+FXZLCZCBAl3gtEyYGOpYIyQhGNvM4lr9vbO3TkhBrGz8gdYamGhiK3/w85/4+aj0OiDgcd7M8zMC2IpDLrulzM2PjE5NZ2aSc/OzS8sZpaWT02UaA5lHslInwXMgBQKyihQwlmsgYWBhErQPuj5lSvQRkTqBDsx1EPWUqIpOEMr+ZnVXB59sU3Rv9jaFjUFl/Qi52eybsHtg/4l3pBkS8tPdw+7a/dHfuaz1oh4EoJCLpkxVc+Nsd5lGgWXcJOuJQZixtusBVVLFQvB1Lv962/oplUatBlpWwppX/050WWhMZ0wsJ0hw3Mz6vXE/7xqgs39eleoOEFQfLComUiKEe1FQRtCA0fZsYRxLeytlJ8zzTjawNI2BG/05b/kdKfgFQvFYy9bcskAKbJONkieeGSPlMghOSJlwsk1eSQv5NW5dZ6dN+d90DrmDGdWyC84H9/I8ZZt</latexit>

(ti, tj), i →= j

Attribute Type of 
<latexit sha1_base64="ABxq++hr2tvFt9kWCkArDrCLshk=">AAAB7HicbZC7SgNBFIbPGi8x3qJiZbOYCFZh1yJaBmwsI7hJIFnC7ORsMmR2dpmZFcKSZ7CxUMTW9/AVLAQrH0Unl0ITfxj4+P9zmHNOkHCmtON8Wiu51bX1jfxmYWt7Z3evuH/QUHEqKXo05rFsBUQhZwI9zTTHViKRRAHHZjC8muTNO5SKxeJWjxL0I9IXLGSUaGN5Zd1l5W6x5FScqexlcOdQquU+vt+OvrDeLb53ejFNIxSacqJU23US7WdEakY5jgudVGFC6JD0sW1QkAiVn02HHdunxunZYSzNE9qeur87MhIpNYoCUxkRPVCL2cT8L2unOrz0MyaSVKOgs4/ClNs6tieb2z0mkWo+MkCoZGZWmw6IJFSb+xTMEdzFlZehcV5xq5XqjVuqOTBTHo7hBM7AhQuowTXUwQMKDO7hEZ4sYT1Yz9bLrHTFmvccwh9Zrz+0qpJY</latexit>

ti
<latexit sha1_base64="ABxq++hr2tvFt9kWCkArDrCLshk=">AAAB7HicbZC7SgNBFIbPGi8x3qJiZbOYCFZh1yJaBmwsI7hJIFnC7ORsMmR2dpmZFcKSZ7CxUMTW9/AVLAQrH0Unl0ITfxj4+P9zmHNOkHCmtON8Wiu51bX1jfxmYWt7Z3evuH/QUHEqKXo05rFsBUQhZwI9zTTHViKRRAHHZjC8muTNO5SKxeJWjxL0I9IXLGSUaGN5Zd1l5W6x5FScqexlcOdQquU+vt+OvrDeLb53ejFNIxSacqJU23US7WdEakY5jgudVGFC6JD0sW1QkAiVn02HHdunxunZYSzNE9qeur87MhIpNYoCUxkRPVCL2cT8L2unOrz0MyaSVKOgs4/ClNs6tieb2z0mkWo+MkCoZGZWmw6IJFSb+xTMEdzFlZehcV5xq5XqjVuqOTBTHo7hBM7AhQuowTXUwQMKDO7hEZ4sYT1Yz9bLrHTFmvccwh9Zrz+0qpJY</latexit>

ti and <latexit sha1_base64="2ybVBRLRh8YqTjnh36u+EViPHoQ=">AAAB7HicbZC7SwNBEMbn4ivGV4xY2RwmglW4E4yWARvLCOYByRH2NnvJmr29Y3dOCEdaK8HGIiIWNv5Bdv43bh6FRj9Y+PF9M+zM+LHgGh3ny8qsrK6tb2Q3c1vbO7t7+f1CQ0eJoqxOIxGplk80E1yyOnIUrBUrRkJfsKY/vJrmzXumNI/kLY5i5oWkL3nAKUFj1UvYvSt180Wn7Mxk/wV3AcVq4f1hcn74WOvmPzu9iCYhk0gF0brtOjF6KVHIqWDjXCfRLCZ0SPqsbVCSkGkvnQ07tk+M07ODSJkn0Z65PztSEmo9Cn1TGRIc6OVsav6XtRMMLr2UyzhBJun8oyARNkb2dHO7xxWjKEYGCFXczGrTAVGEorlPzhzBXV75LzTOym6lXLlxi1UH5srCERzDKbhwAVW4hhrUgQKHJ5jAiyWtZ+vVepuXZqxFzwH8kvXxDfmSkQ4=</latexit>

tj
<latexit sha1_base64="2ybVBRLRh8YqTjnh36u+EViPHoQ=">AAAB7HicbZC7SwNBEMbn4ivGV4xY2RwmglW4E4yWARvLCOYByRH2NnvJmr29Y3dOCEdaK8HGIiIWNv5Bdv43bh6FRj9Y+PF9M+zM+LHgGh3ny8qsrK6tb2Q3c1vbO7t7+f1CQ0eJoqxOIxGplk80E1yyOnIUrBUrRkJfsKY/vJrmzXumNI/kLY5i5oWkL3nAKUFj1UvYvSt180Wn7Mxk/wV3AcVq4f1hcn74WOvmPzu9iCYhk0gF0brtOjF6KVHIqWDjXCfRLCZ0SPqsbVCSkGkvnQ07tk+M07ODSJkn0Z65PztSEmo9Cn1TGRIc6OVsav6XtRMMLr2UyzhBJun8oyARNkb2dHO7xxWjKEYGCFXczGrTAVGEorlPzhzBXV75LzTOym6lXLlxi1UH5srCERzDKbhwAVW4hhrUgQKHJ5jAiyWtZ+vVepuXZqxFzwH8kvXxDfmSkQ4=</latexit>

tj

Length

Runtime

Embedding

Estimated cost of <latexit sha1_base64="yEZKdTAqA8FCY9tdeMC5bEsI2u0=">AAAB6nicbZC7TsMwFIZPyq2UWwobLBYtElOVMATGSiyMRdCL1EaV4zqtVceJbAepivoIXRhAiJUH4DVY2XgQdtzLAC2/ZOnT/58jn3OChDOlHefLyq2tb2xu5bcLO7t7+wd28bCh4lQSWicxj2UrwIpyJmhdM81pK5EURwGnzWB4Pc2bD1QqFot7PUqoH+G+YCEjWBvrrpyUu3bJqTgzoVVwF1CqFif29/HHe61rf3Z6MUkjKjThWKm26yTaz7DUjHA6LnRSRRNMhrhP2wYFjqjys9moY3RmnB4KY2me0Gjm/u7IcKTUKApMZYT1QC1nU/O/rJ3q8MrPmEhSTQWZfxSmHOkYTfdGPSYp0XxkABPJzKyIDLDERJvrFMwR3OWVV6FxUXG9infrlqoezJWHEziFc3DhEqpwAzWoA4E+TOAJni1uPVov1uu8NGcteo7gj6y3HzZMkMI=</latexit>p<latexit sha1_base64="yEZKdTAqA8FCY9tdeMC5bEsI2u0=">AAAB6nicbZC7TsMwFIZPyq2UWwobLBYtElOVMATGSiyMRdCL1EaV4zqtVceJbAepivoIXRhAiJUH4DVY2XgQdtzLAC2/ZOnT/58jn3OChDOlHefLyq2tb2xu5bcLO7t7+wd28bCh4lQSWicxj2UrwIpyJmhdM81pK5EURwGnzWB4Pc2bD1QqFot7PUqoH+G+YCEjWBvrrpyUu3bJqTgzoVVwF1CqFif29/HHe61rf3Z6MUkjKjThWKm26yTaz7DUjHA6LnRSRRNMhrhP2wYFjqjys9moY3RmnB4KY2me0Gjm/u7IcKTUKApMZYT1QC1nU/O/rJ3q8MrPmEhSTQWZfxSmHOkYTfdGPSYp0XxkABPJzKyIDLDERJvrFMwR3OWVV6FxUXG9infrlqoezJWHEziFc3DhEqpwAzWoA4E+TOAJni1uPVov1uu8NGcteo7gj6y3HzZMkMI=</latexit>p on attribute <latexit sha1_base64="/htoxPBChh2xY7rBFLsAPDUBotA=">AAAB6nicbZDLSgMxFIbPeK31VnXpJtgKdVNmXFR3Fty4rGgv0A4lk2ba0EwyJBmhDH0EEVwo4tbHcOUjuPNB3JteFtr6Q+Dj/88h55wg5kwb1/1ylpZXVtfWMxvZza3tnd3c3n5dy0QRWiOSS9UMsKacCVozzHDajBXFUcBpIxhcjvPGHVWaSXFrhjH1I9wTLGQEG2vdFHChk8u7JXcitAjeDPIX78Xvj4f2SbWT+2x3JUkiKgzhWOuW58bGT7EyjHA6yrYTTWNMBrhHWxYFjqj208moI3RsnS4KpbJPGDRxf3ekONJ6GAW2MsKmr+ezsflf1kpMeO6nTMSJoYJMPwoTjoxE471RlylKDB9awEQxOysifawwMfY6WXsEb37lRaiflrxyqXzt5StlmCoDh3AERfDgDCpwBVWoAYEe3MMTPDvceXRenNdp6ZIz6zmAP3LefgDE05Er</latexit>a<latexit sha1_base64="/htoxPBChh2xY7rBFLsAPDUBotA=">AAAB6nicbZDLSgMxFIbPeK31VnXpJtgKdVNmXFR3Fty4rGgv0A4lk2ba0EwyJBmhDH0EEVwo4tbHcOUjuPNB3JteFtr6Q+Dj/88h55wg5kwb1/1ylpZXVtfWMxvZza3tnd3c3n5dy0QRWiOSS9UMsKacCVozzHDajBXFUcBpIxhcjvPGHVWaSXFrhjH1I9wTLGQEG2vdFHChk8u7JXcitAjeDPIX78Xvj4f2SbWT+2x3JUkiKgzhWOuW58bGT7EyjHA6yrYTTWNMBrhHWxYFjqj208moI3RsnS4KpbJPGDRxf3ekONJ6GAW2MsKmr+ezsflf1kpMeO6nTMSJoYJMPwoTjoxE471RlylKDB9awEQxOysifawwMfY6WXsEb37lRaiflrxyqXzt5StlmCoDh3AERfDgDCpwBVWoAYEe3MMTPDvceXRenNdp6ZIz6zmAP3LefgDE05Er</latexit>a of 
<latexit sha1_base64="nkaTw7/8H5c0ghlozQMPzcxhWH4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAixCbsWkQ7A1pYRjAXSEKYnZ1NhszOrjOzQljyDIKNhSK2voOVj2Dng9iqk0uhiT8MfPz/Ocw5x404U9q2P6zUwuLS8kp6NbO2vrG5ld3eqakwloRWSchD2XCxopwJWtVMc9qIJMWBy2nd7Z+N8voNlYqF4koPItoOcFcwnxGsjeVBHs4h//Xdyebsoj0WmgdnCrnT18Ln223rsNLJvre8kMQBFZpwrFTTsSPdTrDUjHA6zLRiRSNM+rhLmwYFDqhqJ+N5h+jAOB7yQ2me0Gjs/u5IcKDUIHBNZYB1T81mI/O/rBlr/6SdMBHFmgoy+ciPOdIhGi2PPCYp0XxgABPJzKyI9LDERJsTZcwRnNmV56F2VHRKxdKlkyuXYKI07ME+FMCBYyjDBVSgCgQ43MEDPFrX1r31ZD1PSlPWtGcX/sh6+QFqQJNJ</latexit>

D
<latexit sha1_base64="nkaTw7/8H5c0ghlozQMPzcxhWH4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAixCbsWkQ7A1pYRjAXSEKYnZ1NhszOrjOzQljyDIKNhSK2voOVj2Dng9iqk0uhiT8MfPz/Ocw5x404U9q2P6zUwuLS8kp6NbO2vrG5ld3eqakwloRWSchD2XCxopwJWtVMc9qIJMWBy2nd7Z+N8voNlYqF4koPItoOcFcwnxGsjeVBHs4h//Xdyebsoj0WmgdnCrnT18Ln223rsNLJvre8kMQBFZpwrFTTsSPdTrDUjHA6zLRiRSNM+rhLmwYFDqhqJ+N5h+jAOB7yQ2me0Gjs/u5IcKDUIHBNZYB1T81mI/O/rBlr/6SdMBHFmgoy+ciPOdIhGi2PPCYp0XxgABPJzKyI9LDERJsTZcwRnNmV56F2VHRKxdKlkyuXYKI07ME+FMCBYyjDBVSgCgQ43MEDPFrX1r31ZD1PSlPWtGcX/sh6+QFqQJNJ</latexit>

D

A cost model balancing computational cost and selectivity of predicates was proposed for
execution plan optimization
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Solution: Query optimization for User Dedefie Function

Quantifies the likelihood that predicate
p is satisfied when applied to attribute a

■ Evaluating selectivity of p on attribute
a of D

sp(p, D) = Norm(

√√√√1
k

k∑
i

(bi − |D|k )2)

Quantifies the efficiency of computing p
on attribute a
■ Cost of predicate p on attribute a of D

costa(p, D) =
∑

(t1,t2)∈D×D

Tp(t1, t2)

■ Estimated cost

ˆcosta(p, D) = Norm(
∑

(t1,t2)∈D×D

N (p, t1, t2))

cost-effectiveness mode

1− sp(p, D)
ˆcosta(p, D) 14



Observation 2 & Solution

Redundant Computations
φ1 : t.color = s.color∧ t.price= s.price∧ t.sname= s.sname∧ t.pname≈ED s.pname→ t.eid= s.eid
φ2 : t.sname= s.sname∧ t.description≈JD s.description→ t.eid= s.eid
φ3 : t.saddress ≈ED s.saddress∧ t.description≈JD s.description→ t.eid= s.eid

Solution: Execution Tree Representation

(b) Execution Tree (c) Sequential execution path

Attribute index Function pointer

t.sname=s.sname

t.price=s.price
t.pname <latexit sha1_base64="dFpIVFMVUdWc7e0zJyAIhk9J788=">AAAB+nicbVDLSsNAFJ20Pmp9pYorN4Ot4Kokgo9lQQWXFewDmhAm00k7dJIJMxNrif0UNy4UcesP+AsuBFd+ik4fC209cOFwzr3ce48fMyqVZX0amezC4tJybiW/ura+sWkWtuqSJwKTGuaMi6aPJGE0IjVFFSPNWBAU+ow0/N7ZyG/cECEpj67VICZuiDoRDShGSkueWSg5KI4Fv/WcXj+9OB+WPLNola0x4Dyxp6RYyX58v+18kapnvjttjpOQRAozJGXLtmLlpkgoihkZ5p1EkhjhHuqQlqYRCol00/HpQ7ivlTYMuNAVKThWf0+kKJRyEPq6M0SqK2e9kfif10pUcOqmNIoTRSI8WRQkDCoORznANhUEKzbQBGFB9a0Qd5FAWOm08joEe/bleVI/LNvH5aMru1ixwAQ5sAv2wAGwwQmogEtQBTWAQR/cg0fwZNwZD8az8TJpzRjTmW3wB8brD3Apl9g=</latexit>⇡ED

<latexit sha1_base64="dFpIVFMVUdWc7e0zJyAIhk9J788=">AAAB+nicbVDLSsNAFJ20Pmp9pYorN4Ot4Kokgo9lQQWXFewDmhAm00k7dJIJMxNrif0UNy4UcesP+AsuBFd+ik4fC209cOFwzr3ce48fMyqVZX0amezC4tJybiW/ura+sWkWtuqSJwKTGuaMi6aPJGE0IjVFFSPNWBAU+ow0/N7ZyG/cECEpj67VICZuiDoRDShGSkueWSg5KI4Fv/WcXj+9OB+WPLNola0x4Dyxp6RYyX58v+18kapnvjttjpOQRAozJGXLtmLlpkgoihkZ5p1EkhjhHuqQlqYRCol00/HpQ7ivlTYMuNAVKThWf0+kKJRyEPq6M0SqK2e9kfif10pUcOqmNIoTRSI8WRQkDCoORznANhUEKzbQBGFB9a0Qd5FAWOm08joEe/bleVI/LNvH5aMru1ixwAQ5sAv2wAGwwQmogEtQBTWAQR/cg0fwZNwZD8az8TJpzRjTmW3wB8brD3Apl9g=</latexit>⇡EDs.pname

t.color=s.color
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 <latexit sha1_base64="UGAMpfNupGmPbolKWIF2ZI/Shx4=">AAAB9XicbVDLSgMxFM20Pmp9VcWVm2AruCozgo9lQRfiqoJ9QDuWTJppQzNJSDJqGfofblwo4tZv8BdcCK78FE0fC209cOFwzr3ce08gGdXGdT+dVHpufmExs5RdXlldW89tbFa1iBUmFSyYUPUAacIoJxVDDSN1qQiKAkZqQe906NduiNJU8CvTl8SPUIfTkGJkrHRdaCIplbhrJRdng0Irl3eL7ghwlngTki+lP77ftr9IuZV7b7YFjiPCDWZI64bnSuMnSBmKGRlkm7EmEuEe6pCGpRxFRPvJ6OoB3LNKG4ZC2eIGjtTfEwmKtO5Hge2MkOnqaW8o/uc1YhOe+AnlMjaE4/GiMGbQCDiMALapItiwviUIK2pvhbiLFMLGBpW1IXjTL8+S6kHROyoeXnr5kgvGyIAdsAv2gQeOQQmcgzKoAAwUuAeP4Mm5dR6cZ+dl3JpyJjNb4A+c1x+c8JZQ</latexit>⇡JD

<latexit sha1_base64="UGAMpfNupGmPbolKWIF2ZI/Shx4=">AAAB9XicbVDLSgMxFM20Pmp9VcWVm2AruCozgo9lQRfiqoJ9QDuWTJppQzNJSDJqGfofblwo4tZv8BdcCK78FE0fC209cOFwzr3ce08gGdXGdT+dVHpufmExs5RdXlldW89tbFa1iBUmFSyYUPUAacIoJxVDDSN1qQiKAkZqQe906NduiNJU8CvTl8SPUIfTkGJkrHRdaCIplbhrJRdng0Irl3eL7ghwlngTki+lP77ftr9IuZV7b7YFjiPCDWZI64bnSuMnSBmKGRlkm7EmEuEe6pCGpRxFRPvJ6OoB3LNKG4ZC2eIGjtTfEwmKtO5Hge2MkOnqaW8o/uc1YhOe+AnlMjaE4/GiMGbQCDiMALapItiwviUIK2pvhbiLFMLGBpW1IXjTL8+S6kHROyoeXnr5kgvGyIAdsAv2gQeOQQmcgzKoAAwUuAeP4Mm5dR6cZ+dl3JpyJjNb4A+c1x+c8JZQ</latexit>⇡JD

CP
 <latexit sha1_base64="dFpIVFMVUdWc7e0zJyAIhk9J788=">AAAB+nicbVDLSsNAFJ20Pmp9pYorN4Ot4Kokgo9lQQWXFewDmhAm00k7dJIJMxNrif0UNy4UcesP+AsuBFd+ik4fC209cOFwzr3ce48fMyqVZX0amezC4tJybiW/ura+sWkWtuqSJwKTGuaMi6aPJGE0IjVFFSPNWBAU+ow0/N7ZyG/cECEpj67VICZuiDoRDShGSkueWSg5KI4Fv/WcXj+9OB+WPLNola0x4Dyxp6RYyX58v+18kapnvjttjpOQRAozJGXLtmLlpkgoihkZ5p1EkhjhHuqQlqYRCol00/HpQ7ivlTYMuNAVKThWf0+kKJRyEPq6M0SqK2e9kfif10pUcOqmNIoTRSI8WRQkDCoORznANhUEKzbQBGFB9a0Qd5FAWOm08joEe/bleVI/LNvH5aMru1ixwAQ5sAv2wAGwwQmogEtQBTWAQR/cg0fwZNwZD8az8TJpzRjTmW3wB8brD3Apl9g=</latexit>⇡ED

<latexit sha1_base64="dFpIVFMVUdWc7e0zJyAIhk9J788=">AAAB+nicbVDLSsNAFJ20Pmp9pYorN4Ot4Kokgo9lQQWXFewDmhAm00k7dJIJMxNrif0UNy4UcesP+AsuBFd+ik4fC209cOFwzr3ce48fMyqVZX0amezC4tJybiW/ura+sWkWtuqSJwKTGuaMi6aPJGE0IjVFFSPNWBAU+ow0/N7ZyG/cECEpj67VICZuiDoRDShGSkueWSg5KI4Fv/WcXj+9OB+WPLNola0x4Dyxp6RYyX58v+18kapnvjttjpOQRAozJGXLtmLlpkgoihkZ5p1EkhjhHuqQlqYRCol00/HpQ7ivlTYMuNAVKThWf0+kKJRyEPq6M0SqK2e9kfif10pUcOqmNIoTRSI8WRQkDCoORznANhUEKzbQBGFB9a0Qd5FAWOm08joEe/bleVI/LNvH5aMru1ixwAQ5sAv2wAGwwQmogEtQBTWAQR/cg0fwZNwZD8az8TJpzRjTmW3wB8brD3Apl9g=</latexit>⇡ED

 <latexit sha1_base64="UGAMpfNupGmPbolKWIF2ZI/Shx4=">AAAB9XicbVDLSgMxFM20Pmp9VcWVm2AruCozgo9lQRfiqoJ9QDuWTJppQzNJSDJqGfofblwo4tZv8BdcCK78FE0fC209cOFwzr3ce08gGdXGdT+dVHpufmExs5RdXlldW89tbFa1iBUmFSyYUPUAacIoJxVDDSN1qQiKAkZqQe906NduiNJU8CvTl8SPUIfTkGJkrHRdaCIplbhrJRdng0Irl3eL7ghwlngTki+lP77ftr9IuZV7b7YFjiPCDWZI64bnSuMnSBmKGRlkm7EmEuEe6pCGpRxFRPvJ6OoB3LNKG4ZC2eIGjtTfEwmKtO5Hge2MkOnqaW8o/uc1YhOe+AnlMjaE4/GiMGbQCDiMALapItiwviUIK2pvhbiLFMLGBpW1IXjTL8+S6kHROyoeXnr5kgvGyIAdsAv2gQeOQQmcgzKoAAwUuAeP4Mm5dR6cZ+dl3JpyJjNb4A+c1x+c8JZQ</latexit>⇡JD
<latexit sha1_base64="UGAMpfNupGmPbolKWIF2ZI/Shx4=">AAAB9XicbVDLSgMxFM20Pmp9VcWVm2AruCozgo9lQRfiqoJ9QDuWTJppQzNJSDJqGfofblwo4tZv8BdcCK78FE0fC209cOFwzr3ce08gGdXGdT+dVHpufmExs5RdXlldW89tbFa1iBUmFSyYUPUAacIoJxVDDSN1qQiKAkZqQe906NduiNJU8CvTl8SPUIfTkGJkrHRdaCIplbhrJRdng0Irl3eL7ghwlngTki+lP77ftr9IuZV7b7YFjiPCDWZI64bnSuMnSBmKGRlkm7EmEuEe6pCGpRxFRPvJ6OoB3LNKG4ZC2eIGjtTfEwmKtO5Hge2MkOnqaW8o/uc1YhOe+AnlMjaE4/GiMGbQCDiMALapItiwviUIK2pvhbiLFMLGBpW1IXjTL8+S6kHROyoeXnr5kgvGyIAdsAv2gQeOQQmcgzKoAAwUuAeP4Mm5dR6cZ+dl3JpyJjNb4A+c1x+c8JZQ</latexit>⇡JD
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 <latexit sha1_base64="dFpIVFMVUdWc7e0zJyAIhk9J788=">AAAB+nicbVDLSsNAFJ20Pmp9pYorN4Ot4Kokgo9lQQWXFewDmhAm00k7dJIJMxNrif0UNy4UcesP+AsuBFd+ik4fC209cOFwzr3ce48fMyqVZX0amezC4tJybiW/ura+sWkWtuqSJwKTGuaMi6aPJGE0IjVFFSPNWBAU+ow0/N7ZyG/cECEpj67VICZuiDoRDShGSkueWSg5KI4Fv/WcXj+9OB+WPLNola0x4Dyxp6RYyX58v+18kapnvjttjpOQRAozJGXLtmLlpkgoihkZ5p1EkhjhHuqQlqYRCol00/HpQ7ivlTYMuNAVKThWf0+kKJRyEPq6M0SqK2e9kfif10pUcOqmNIoTRSI8WRQkDCoORznANhUEKzbQBGFB9a0Qd5FAWOm08joEe/bleVI/LNvH5aMru1ixwAQ5sAv2wAGwwQmogEtQBTWAQR/cg0fwZNwZD8az8TJpzRjTmW3wB8brD3Apl9g=</latexit>⇡ED
<latexit sha1_base64="dFpIVFMVUdWc7e0zJyAIhk9J788=">AAAB+nicbVDLSsNAFJ20Pmp9pYorN4Ot4Kokgo9lQQWXFewDmhAm00k7dJIJMxNrif0UNy4UcesP+AsuBFd+ik4fC209cOFwzr3ce48fMyqVZX0amezC4tJybiW/ura+sWkWtuqSJwKTGuaMi6aPJGE0IjVFFSPNWBAU+ow0/N7ZyG/cECEpj67VICZuiDoRDShGSkueWSg5KI4Fv/WcXj+9OB+WPLNola0x4Dyxp6RYyX58v+18kapnvjttjpOQRAozJGXLtmLlpkgoihkZ5p1EkhjhHuqQlqYRCol00/HpQ7ivlTYMuNAVKThWf0+kKJRyEPq6M0SqK2e9kfif10pUcOqmNIoTRSI8WRQkDCoORznANhUEKzbQBGFB9a0Qd5FAWOm08joEe/bleVI/LNvH5aMru1ixwAQ5sAv2wAGwwQmogEtQBTWAQR/cg0fwZNwZD8az8TJpzRjTmW3wB8brD3Apl9g=</latexit>⇡ED

=
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t.desc<latexit sha1_base64="l30SwooEmjZM4fGG1X7w2KxOGtk=">AAACDXicbVC7SgNBFL2b+IjxtUasbBYTwSrsCj7KgBZiFcE8IFnC7GSSDJndWWZm1bDkB2z8FRsLRQQrewvByj8xTh6FJp5h4Mw593LnHi9kVCrb/jQSybn5hcXUUnp5ZXVt3dzIlCWPBCYlzBkXVQ9JwmhASooqRqqhIMj3GKl43ZOhX7kiQlIeXKpeSFwftQPaohgpLXEzAzmoA4JQHwEcbqCh3124hhjO4RT63wPINcysnbdHsGaJMyHZQvJj8Lr1RYoN873e5DjySaAwQ1LWHDtUboyEopiRfroeSRIi3EVtUtM0QD6Rbjzapm/taqVptbjQN1DWSP3dESNfyp7v6UofqY6c9obif14tUq1jN6ZBGCkS4PGgVsQsxa1hNFaTCoIV62mCsKD6rxbuIIGw0gGmdQjO9MqzpLyfdw7zBxdOtmDDGCnYhh3YAweOoABnUIQSYLiFe3iEJ+POeDCejZdxacKY9GzCHxhvP4BBmpY=</latexit>⇡JD
<latexit sha1_base64="l30SwooEmjZM4fGG1X7w2KxOGtk=">AAACDXicbVC7SgNBFL2b+IjxtUasbBYTwSrsCj7KgBZiFcE8IFnC7GSSDJndWWZm1bDkB2z8FRsLRQQrewvByj8xTh6FJp5h4Mw593LnHi9kVCrb/jQSybn5hcXUUnp5ZXVt3dzIlCWPBCYlzBkXVQ9JwmhASooqRqqhIMj3GKl43ZOhX7kiQlIeXKpeSFwftQPaohgpLXEzAzmoA4JQHwEcbqCh3124hhjO4RT63wPINcysnbdHsGaJMyHZQvJj8Lr1RYoN873e5DjySaAwQ1LWHDtUboyEopiRfroeSRIi3EVtUtM0QD6Rbjzapm/taqVptbjQN1DWSP3dESNfyp7v6UofqY6c9obif14tUq1jN6ZBGCkS4PGgVsQsxa1hNFaTCoIV62mCsKD6rxbuIIGw0gGmdQjO9MqzpLyfdw7zBxdOtmDDGCnYhh3YAweOoABnUIQSYLiFe3iEJ+POeDCejZdxacKY9GzCHxhvP4BBmpY=</latexit>⇡JDs.desc

CP

t.desc<latexit sha1_base64="l30SwooEmjZM4fGG1X7w2KxOGtk=">AAACDXicbVC7SgNBFL2b+IjxtUasbBYTwSrsCj7KgBZiFcE8IFnC7GSSDJndWWZm1bDkB2z8FRsLRQQrewvByj8xTh6FJp5h4Mw593LnHi9kVCrb/jQSybn5hcXUUnp5ZXVt3dzIlCWPBCYlzBkXVQ9JwmhASooqRqqhIMj3GKl43ZOhX7kiQlIeXKpeSFwftQPaohgpLXEzAzmoA4JQHwEcbqCh3124hhjO4RT63wPINcysnbdHsGaJMyHZQvJj8Lr1RYoN873e5DjySaAwQ1LWHDtUboyEopiRfroeSRIi3EVtUtM0QD6Rbjzapm/taqVptbjQN1DWSP3dESNfyp7v6UofqY6c9obif14tUq1jN6ZBGCkS4PGgVsQsxa1hNFaTCoIV62mCsKD6rxbuIIGw0gGmdQjO9MqzpLyfdw7zBxdOtmDDGCnYhh3YAweOoABnUIQSYLiFe3iEJ+POeDCejZdxacKY9GzCHxhvP4BBmpY=</latexit>⇡JD
<latexit sha1_base64="l30SwooEmjZM4fGG1X7w2KxOGtk=">AAACDXicbVC7SgNBFL2b+IjxtUasbBYTwSrsCj7KgBZiFcE8IFnC7GSSDJndWWZm1bDkB2z8FRsLRQQrewvByj8xTh6FJp5h4Mw593LnHi9kVCrb/jQSybn5hcXUUnp5ZXVt3dzIlCWPBCYlzBkXVQ9JwmhASooqRqqhIMj3GKl43ZOhX7kiQlIeXKpeSFwftQPaohgpLXEzAzmoA4JQHwEcbqCh3124hhjO4RT63wPINcysnbdHsGaJMyHZQvJj8Lr1RYoN873e5DjySaAwQ1LWHDtUboyEopiRfroeSRIi3EVtUtM0QD6Rbjzapm/taqVptbjQN1DWSP3dESNfyp7v6UofqY6c9obif14tUq1jN6ZBGCkS4PGgVsQsxa1hNFaTCoIV62mCsKD6rxbuIIGw0gGmdQjO9MqzpLyfdw7zBxdOtmDDGCnYhh3YAweOoABnUIQSYLiFe3iEJ+POeDCejZdxacKY9GzCHxhvP4BBmpY=</latexit>⇡JDs.desc

t.saddress <latexit sha1_base64="XbOjGFwrnUWiwS8qyNGIv7qzJSI=">AAAB9XicbVDLSgMxFM20Pmp9VcWVm2AruCozgo9lQQWXFewD2rFk0kwbmklCklHL0P9w40IRt36Dv+BCcOWnaPpYaOuBC4dz7uXeewLJqDau++mk0nPzC4uZpezyyuraem5js6pFrDCpYMGEqgdIE0Y5qRhqGKlLRVAUMFILeqdDv3ZDlKaCX5m+JH6EOpyGFCNjpetCE0mpxF0rOT8bFFq5vFt0R4CzxJuQfCn98f22/UXKrdx7sy1wHBFuMENaNzxXGj9BylDMyCDbjDWRCPdQhzQs5Sgi2k9GVw/gnlXaMBTKFjdwpP6eSFCkdT8KbGeETFdPe0PxP68Rm/DETyiXsSEcjxeFMYNGwGEEsE0VwYb1LUFYUXsrxF2kEDY2qKwNwZt+eZZUD4reUfHw0suXXDBGBuyAXbAPPHAMSuAClEEFYKDAPXgET86t8+A8Oy/j1pQzmdkCf+C8/gCVTZZL</latexit>⇡ED
<latexit sha1_base64="XbOjGFwrnUWiwS8qyNGIv7qzJSI=">AAAB9XicbVDLSgMxFM20Pmp9VcWVm2AruCozgo9lQQWXFewD2rFk0kwbmklCklHL0P9w40IRt36Dv+BCcOWnaPpYaOuBC4dz7uXeewLJqDau++mk0nPzC4uZpezyyuraem5js6pFrDCpYMGEqgdIE0Y5qRhqGKlLRVAUMFILeqdDv3ZDlKaCX5m+JH6EOpyGFCNjpetCE0mpxF0rOT8bFFq5vFt0R4CzxJuQfCn98f22/UXKrdx7sy1wHBFuMENaNzxXGj9BylDMyCDbjDWRCPdQhzQs5Sgi2k9GVw/gnlXaMBTKFjdwpP6eSFCkdT8KbGeETFdPe0PxP68Rm/DETyiXsSEcjxeFMYNGwGEEsE0VwYb1LUFYUXsrxF2kEDY2qKwNwZt+eZZUD4reUfHw0suXXDBGBuyAXbAPPHAMSuAClEEFYKDAPXgET86t8+A8Oy/j1pQzmdkCf+C8/gCVTZZL</latexit>⇡EDs.saddress
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(a) order of predicates

[ 
<latexit sha1_base64="TF/mViAogp3JwTtlkKPI4zJeqaQ="></latexit>

p=sname, p
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<latexit sha1_base64="TF/mViAogp3JwTtlkKPI4zJeqaQ="></latexit>

p=sname, p
=
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⇡ED
saddress, p
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pname, p
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=
color ]
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 <latexit sha1_base64="5g1JvHngDaC4fswNnexQGi4BvEw=">AAAB+XicbVDLSsNAFL3xWavVWJdugq3QVUkKPjZCwY3LCvYBbQyT6bQdOpnEmUmlhH6Bv+DGhSLizj9xJ/6Mk7YLbT1w4XDOvdx7jx8xKpVtfxkrq2vrG5uZrez2Tm53z9zPN2QYC0zqOGShaPlIEkY5qSuqGGlFgqDAZ6TpDy9TvzkiQtKQ36hxRNwA9TntUYyUljzTLEZeZ3ifSI4CMrm9KHpmwS7bU1jLxJmTQjVf+n54v8vVPPOz0w1xHBCuMENSth07Um6ChKKYkUm2E0sSITxEfdLWNN0j3WR6+cQ61krX6oVCF1fWVP09kaBAynHg684AqYFc9FLxP68dq965m1AexYpwPFvUi5mlQiuNwepSQbBiY00QFlTfauEBEggrHVZWh+AsvrxMGpWyc1o+uXYK1QrMkIFDOIISOHAGVbiCGtQBwwge4RlejMR4Ml6Nt1nrijGfOYA/MD5+ACbNlkg=</latexit>

p=sname

<latexit sha1_base64="5g1JvHngDaC4fswNnexQGi4BvEw=">AAAB+XicbVDLSsNAFL3xWavVWJdugq3QVUkKPjZCwY3LCvYBbQyT6bQdOpnEmUmlhH6Bv+DGhSLizj9xJ/6Mk7YLbT1w4XDOvdx7jx8xKpVtfxkrq2vrG5uZrez2Tm53z9zPN2QYC0zqOGShaPlIEkY5qSuqGGlFgqDAZ6TpDy9TvzkiQtKQ36hxRNwA9TntUYyUljzTLEZeZ3ifSI4CMrm9KHpmwS7bU1jLxJmTQjVf+n54v8vVPPOz0w1xHBCuMENSth07Um6ChKKYkUm2E0sSITxEfdLWNN0j3WR6+cQ61krX6oVCF1fWVP09kaBAynHg684AqYFc9FLxP68dq965m1AexYpwPFvUi5mlQiuNwepSQbBiY00QFlTfauEBEggrHVZWh+AsvrxMGpWyc1o+uXYK1QrMkIFDOIISOHAGVbiCGtQBwwge4RlejMR4Ml6Nt1nrijGfOYA/MD5+ACbNlkg=</latexit>

p=sname

 
<latexit sha1_base64="Iv9jd7FUi1GBWgJAmOoYm2zoPBY=">AAACCHicbVDLSsNAFJ3UV1tf8YEbFwZbwVVJCj6WBV2Iqwr2AU0Mk8m0Dp0kw8xELSFLEfwVNy4UcesnuPNnxGnahbYeuHA4517uvcdjlAhpml9abmZ2bn4hXyguLi2vrOpr600RxRzhBopoxNseFJiSEDckkRS3Gccw8Chuef2Tod+6wVyQKLyUA4adAPZC0iUISiW5+k6ZuXb/NvGxQOlVYkPGeHSXSeenaVp29ZJZMTMY08Qak1Jta7NZKXw/1F390/YjFAc4lIhCITqWyaSTQC4Jojgt2rHADKI+7OGOoiEMsHCS7JHU2FOKb3QjriqURqb+nkhgIMQg8FRnAOW1mPSG4n9eJ5bdYychIYslDtFoUTemhoyMYSqGTzhGkg4UgYgTdauBriGHSKrsiioEa/LladKsVqzDysGFVapVwQh5sA12wT6wwBGogTNQBw2AwD14Ai/gVXvUnrU37X3UmtPGMxvgD7SPH8eXnK8=</latexit>

p⇡JD
desc

<latexit sha1_base64="Iv9jd7FUi1GBWgJAmOoYm2zoPBY=">AAACCHicbVDLSsNAFJ3UV1tf8YEbFwZbwVVJCj6WBV2Iqwr2AU0Mk8m0Dp0kw8xELSFLEfwVNy4UcesnuPNnxGnahbYeuHA4517uvcdjlAhpml9abmZ2bn4hXyguLi2vrOpr600RxRzhBopoxNseFJiSEDckkRS3Gccw8Chuef2Tod+6wVyQKLyUA4adAPZC0iUISiW5+k6ZuXb/NvGxQOlVYkPGeHSXSeenaVp29ZJZMTMY08Qak1Jta7NZKXw/1F390/YjFAc4lIhCITqWyaSTQC4Jojgt2rHADKI+7OGOoiEMsHCS7JHU2FOKb3QjriqURqb+nkhgIMQg8FRnAOW1mPSG4n9eJ5bdYychIYslDtFoUTemhoyMYSqGTzhGkg4UgYgTdauBriGHSKrsiioEa/LladKsVqzDysGFVapVwQh5sA12wT6wwBGogTNQBw2AwD14Ai/gVXvUnrU37X3UmtPGMxvgD7SPH8eXnK8=</latexit>

p⇡JD
desc

 
<latexit sha1_base64="PeHupyS2eIydQEyXtcUv0ySz9Oo=">AAACCXicbVDLSsNAFJ3UV1tf8YEbN4Ot4KokBR/LggouK9gHtDFMJtN26CQZZiZqCdnqwl9x40IRt/6BO39GnD4W2nrgwuGce7n3Ho8zKpVlfRmZufmFxaVsLr+8srq2bm5s1mUUC0xqOGKRaHpIEkZDUlNUMdLkgqDAY6Th9U+HfuOGCEmj8EoNOHEC1A1ph2KktOSasMjdRCLfF0TK9DppI85FdOe2+7fJ+VmaFl2zYJWsEeAssSekUNnZrpdy3w9V1/xs+xGOAxIqzJCULdviykmQUBQzkubbsSQc4T7qkpamIQqIdJLRJync14oPO5HQFSo4Un9PJCiQchB4ujNAqienvaH4n9eKVefESWjIY0VCPF7UiRlUERzGAn0qCFZsoAnCgupbIe4hgbDS4eV1CPb0y7OkXi7ZR6XDS7tQKYMxsmAX7IEDYINjUAEXoApqAIN78ARewKvxaDwbb8b7uDVjTGa2wB8YHz+vfJ0w</latexit>

p⇡ED
saddress

<latexit sha1_base64="PeHupyS2eIydQEyXtcUv0ySz9Oo=">AAACCXicbVDLSsNAFJ3UV1tf8YEbN4Ot4KokBR/LggouK9gHtDFMJtN26CQZZiZqCdnqwl9x40IRt/6BO39GnD4W2nrgwuGce7n3Ho8zKpVlfRmZufmFxaVsLr+8srq2bm5s1mUUC0xqOGKRaHpIEkZDUlNUMdLkgqDAY6Th9U+HfuOGCEmj8EoNOHEC1A1ph2KktOSasMjdRCLfF0TK9DppI85FdOe2+7fJ+VmaFl2zYJWsEeAssSekUNnZrpdy3w9V1/xs+xGOAxIqzJCULdviykmQUBQzkubbsSQc4T7qkpamIQqIdJLRJync14oPO5HQFSo4Un9PJCiQchB4ujNAqienvaH4n9eKVefESWjIY0VCPF7UiRlUERzGAn0qCFZsoAnCgupbIe4hgbDS4eV1CPb0y7OkXi7ZR6XDS7tQKYMxsmAX7IEDYINjUAEXoApqAIN78ARewKvxaDwbb8b7uDVjTGa2wB8YHz+vfJ0w</latexit>

p⇡ED
saddress  

<latexit sha1_base64="Iv9jd7FUi1GBWgJAmOoYm2zoPBY=">AAACCHicbVDLSsNAFJ3UV1tf8YEbFwZbwVVJCj6WBV2Iqwr2AU0Mk8m0Dp0kw8xELSFLEfwVNy4UcesnuPNnxGnahbYeuHA4517uvcdjlAhpml9abmZ2bn4hXyguLi2vrOpr600RxRzhBopoxNseFJiSEDckkRS3Gccw8Chuef2Tod+6wVyQKLyUA4adAPZC0iUISiW5+k6ZuXb/NvGxQOlVYkPGeHSXSeenaVp29ZJZMTMY08Qak1Jta7NZKXw/1F390/YjFAc4lIhCITqWyaSTQC4Jojgt2rHADKI+7OGOoiEMsHCS7JHU2FOKb3QjriqURqb+nkhgIMQg8FRnAOW1mPSG4n9eJ5bdYychIYslDtFoUTemhoyMYSqGTzhGkg4UgYgTdauBriGHSKrsiioEa/LladKsVqzDysGFVapVwQh5sA12wT6wwBGogTNQBw2AwD14Ai/gVXvUnrU37X3UmtPGMxvgD7SPH8eXnK8=</latexit>

p⇡JD
desc

<latexit sha1_base64="Iv9jd7FUi1GBWgJAmOoYm2zoPBY=">AAACCHicbVDLSsNAFJ3UV1tf8YEbFwZbwVVJCj6WBV2Iqwr2AU0Mk8m0Dp0kw8xELSFLEfwVNy4UcesnuPNnxGnahbYeuHA4517uvcdjlAhpml9abmZ2bn4hXyguLi2vrOpr600RxRzhBopoxNseFJiSEDckkRS3Gccw8Chuef2Tod+6wVyQKLyUA4adAPZC0iUISiW5+k6ZuXb/NvGxQOlVYkPGeHSXSeenaVp29ZJZMTMY08Qak1Jta7NZKXw/1F390/YjFAc4lIhCITqWyaSTQC4Jojgt2rHADKI+7OGOoiEMsHCS7JHU2FOKb3QjriqURqb+nkhgIMQg8FRnAOW1mPSG4n9eJ5bdYychIYslDtFoUTemhoyMYSqGTzhGkg4UgYgTdauBriGHSKrsiioEa/LladKsVqzDysGFVapVwQh5sA12wT6wwBGogTNQBw2AwD14Ai/gVXvUnrU37X3UmtPGMxvgD7SPH8eXnK8=</latexit>

p⇡JD
desc

 <latexit sha1_base64="qpPxk5lQ7nCRBNUUxb21xYBuMtE=">AAAB+XicbVDJSgNBEK1xjXEbl5uXxkTIKcwEXC5CQA9ehAhmgWQcejo9SZOehe6eSBjyJ148KOLVH/AbvHn2NzzYWQ6a+KDg8V5VV9fzYs6ksqxPY2FxaXllNbOWXd/Y3No2d3ZrMkoEoVUS8Ug0PCwpZyGtKqY4bcSC4sDjtO71LkZ+vU+FZFF4qwYxdQLcCZnPCFZack0zH7ut3n06fml4d553zZxVtMZA88Seklx5//2ycP39VXHNj1Y7IklAQ0U4lrJpW7FyUiwUI5wOs61E0hiTHu7QpqYhDqh0pvvQkVbayI+ErlChsfp7IsWBlIPA050BVl05643E/7xmovwzJ2VhnCgakskiP+FIRWgUA2ozQYniA00wEUz/FZEuFpgoHVZWh2DPnjxPaqWifVI8vrFz5RJMkIEDOIQC2HAKZbiCClSBQB8e4AmejdR4NF6M10nrgjGd2YM/MN5+AA6llvU=</latexit>

p=color
<latexit sha1_base64="qpPxk5lQ7nCRBNUUxb21xYBuMtE=">AAAB+XicbVDJSgNBEK1xjXEbl5uXxkTIKcwEXC5CQA9ehAhmgWQcejo9SZOehe6eSBjyJ148KOLVH/AbvHn2NzzYWQ6a+KDg8V5VV9fzYs6ksqxPY2FxaXllNbOWXd/Y3No2d3ZrMkoEoVUS8Ug0PCwpZyGtKqY4bcSC4sDjtO71LkZ+vU+FZFF4qwYxdQLcCZnPCFZack0zH7ut3n06fml4d553zZxVtMZA88Seklx5//2ycP39VXHNj1Y7IklAQ0U4lrJpW7FyUiwUI5wOs61E0hiTHu7QpqYhDqh0pvvQkVbayI+ErlChsfp7IsWBlIPA050BVl05643E/7xmovwzJ2VhnCgakskiP+FIRWgUA2ozQYniA00wEUz/FZEuFpgoHVZWh2DPnjxPaqWifVI8vrFz5RJMkIEDOIQC2HAKZbiCClSBQB8e4AmejdR4NF6M10nrgjGd2YM/MN5+AA6llvU=</latexit>

p=color

 
<latexit sha1_base64="d9be49L7dcsJyNQg4HAyVu1bE8c=">AAACCXicbVC7SgNBFJ31GeMraplmMBGswm7ARxlQwTKCeUA2LrOTSTJkdnaYmVXDsq2N/oadjYWigpV/YOeH2Dt5FJp44MLhnHu59x5fMKq0bX9ZM7Nz8wuLqaX08srq2npmY7OqwkhiUsEhC2XdR4owyklFU81IXUiCAp+Rmt87Gvi1SyIVDfm57gvSDFCH0zbFSBvJy8C88NzeVSw4CkhyEbtICBleD7WT4yTJe5mcXbCHgNPEGZNcKft9/+rfvZe9zKfbCnEUEK4xQ0o1HFvoZoykppiRJO1GigiEe6hDGoYO9qpmPPwkgTtGacF2KE1xDYfq74kYBUr1A990Bkh31aQ3EP/zGpFuHzZjykWkCcejRe2IQR3CQSywRSXBmvUNQVhScyvEXSQR1ia8tAnBmXx5mlSLBWe/sHfm5EpFMEIKZME22AUOOAAlcArKoAIwuAEP4Ak8W7fWo/VivY1aZ6zxzBb4A+vjByKXnwM=</latexit>

p⇡ED
pname

<latexit sha1_base64="d9be49L7dcsJyNQg4HAyVu1bE8c=">AAACCXicbVC7SgNBFJ31GeMraplmMBGswm7ARxlQwTKCeUA2LrOTSTJkdnaYmVXDsq2N/oadjYWigpV/YOeH2Dt5FJp44MLhnHu59x5fMKq0bX9ZM7Nz8wuLqaX08srq2npmY7OqwkhiUsEhC2XdR4owyklFU81IXUiCAp+Rmt87Gvi1SyIVDfm57gvSDFCH0zbFSBvJy8C88NzeVSw4CkhyEbtICBleD7WT4yTJe5mcXbCHgNPEGZNcKft9/+rfvZe9zKfbCnEUEK4xQ0o1HFvoZoykppiRJO1GigiEe6hDGoYO9qpmPPwkgTtGacF2KE1xDYfq74kYBUr1A990Bkh31aQ3EP/zGpFuHzZjykWkCcejRe2IQR3CQSywRSXBmvUNQVhScyvEXSQR1ia8tAnBmXx5mlSLBWe/sHfm5EpFMEIKZME22AUOOAAlcArKoAIwuAEP4Ak8W7fWo/VivY1aZ6zxzBb4A+vjByKXnwM=</latexit>

p⇡ED
pname 

<latexit sha1_base64="JkedI8B6/EvZulkXw1DQlrijjoU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBVUkKPjZCwY3LCvYBbQyT6aQdOpmEmUmlhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPUHCmdKO820V1tY3NreK26Wd3b39A/vwqKXiVBLaJDGPZSfAinImaFMzzWknkRRHAaftYHQ789tjKhWLxYOeJNSL8ECwkBGsjeTbdiXxe6OnLJGM0OnjTcW3y07VmQOtEjcnZcjR8O2vXj8maUSFJhwr1XWdRHsZlpoRTqelXqpogskID2jXUIEjqrxsfvkUnRmlj8JYmhIazdXfExmOlJpEgemMsB6qZW8m/ud1Ux1eexkTSaqpIItFYcqRjtEsBtRnkhLNJ4ZgIpm5FZEhlphoE1bJhOAuv7xKWrWqe1m9uK+V67U8jiKcwCmcgwtXUIc7aEATCIzhGV7hzcqsF+vd+li0Fqx85hj+wPr8AQ9Dkz4=</latexit>

p=price
<latexit sha1_base64="JkedI8B6/EvZulkXw1DQlrijjoU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBVUkKPjZCwY3LCvYBbQyT6aQdOpmEmUmlhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPUHCmdKO820V1tY3NreK26Wd3b39A/vwqKXiVBLaJDGPZSfAinImaFMzzWknkRRHAaftYHQ789tjKhWLxYOeJNSL8ECwkBGsjeTbdiXxe6OnLJGM0OnjTcW3y07VmQOtEjcnZcjR8O2vXj8maUSFJhwr1XWdRHsZlpoRTqelXqpogskID2jXUIEjqrxsfvkUnRmlj8JYmhIazdXfExmOlJpEgemMsB6qZW8m/ud1Ux1eexkTSaqpIItFYcqRjtEsBtRnkhLNJ4ZgIpm5FZEhlphoE1bJhOAuv7xKWrWqe1m9uK+V67U8jiKcwCmcgwtXUIc7aEATCIzhGV7hzcqsF+vd+li0Fqx85hj+wPr8AQ9Dkz4=</latexit>

p=price

 <latexit sha1_base64="Ji8kvhlHuXxsXnxOoDYpyo11oPM=">AAAB8nicbZDLSgMxFIYz9VZr1apLQQZbwVWZKXhZFty4bMFeYDqUTJppQzPJkJwplKFLH8GNC0Xc+gB9Dnc+gy9hello6w+Bj/8/h5xzgpgzDY7zZWU2Nre2d7K7ub38/sFh4ei4qWWiCG0QyaVqB1hTzgRtAANO27GiOAo4bQXDu1neGlGlmRQPMI6pH+G+YCEjGIzllTojrOIB67qlbqHolJ257HVwl1Cs5qf178ezaa1b+Oz0JEkiKoBwrLXnOjH4KVbACKeTXCfRNMZkiPvUMyhwRLWfzkee2BfG6dmhVOYJsOfu744UR1qPo8BURhgGejWbmf9lXgLhrZ8yESdABVl8FCbcBmnP9rd7TFECfGwAE8XMrDYZYIUJmCvlzBHc1ZXXoVkpu9flq7pbrFbQQll0is7RJXLRDaqie1RDDUSQRE/oBb1aYD1bb9b7ojRjLXtO0B9ZHz83rJQ4</latexit>'1
<latexit sha1_base64="Ji8kvhlHuXxsXnxOoDYpyo11oPM=">AAAB8nicbZDLSgMxFIYz9VZr1apLQQZbwVWZKXhZFty4bMFeYDqUTJppQzPJkJwplKFLH8GNC0Xc+gB9Dnc+gy9hello6w+Bj/8/h5xzgpgzDY7zZWU2Nre2d7K7ub38/sFh4ei4qWWiCG0QyaVqB1hTzgRtAANO27GiOAo4bQXDu1neGlGlmRQPMI6pH+G+YCEjGIzllTojrOIB67qlbqHolJ257HVwl1Cs5qf178ezaa1b+Oz0JEkiKoBwrLXnOjH4KVbACKeTXCfRNMZkiPvUMyhwRLWfzkee2BfG6dmhVOYJsOfu744UR1qPo8BURhgGejWbmf9lXgLhrZ8yESdABVl8FCbcBmnP9rd7TFECfGwAE8XMrDYZYIUJmCvlzBHc1ZXXoVkpu9flq7pbrFbQQll0is7RJXLRDaqie1RDDUSQRE/oBb1aYD1bb9b7ojRjLXtO0B9ZHz83rJQ4</latexit>'1

 <latexit sha1_base64="zFODwHohs9ZtkxN17aKfuNUMfvo=">AAAB8nicbZDLSgMxFIbP1FutVasuBRlsBVdlpuBlWXDjsgV7gelQMmmmDc0kQ5IplKFLH8GNC0Xc+gB9Dnc+gy9hello6w+Bj/8/h5xzgphRpR3ny8psbG5t72R3c3v5/YPDwtFxU4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsY3s3y1ohIRQV/0OOY+BHqcxpSjLSxvFJnhGQ8oN1KqVsoOmVnLnsd3CUUq/lp/fvxbFrrFj47PYGTiHCNGVLKc51Y+ymSmmJGJrlOokiM8BD1iWeQo4goP52PPLEvjNOzQyHN49qeu787UhQpNY4CUxkhPVCr2cz8L/MSHd76KeVxognHi4/ChNla2LP97R6VBGs2NoCwpGZWGw+QRFibK+XMEdzVldehWSm71+WrulusVmChLJzCOVyCCzdQhXuoQQMwCHiCF3i1tPVsvVnvi9KMtew5gT+yPn4AOTGUOQ==</latexit>'2
<latexit sha1_base64="zFODwHohs9ZtkxN17aKfuNUMfvo=">AAAB8nicbZDLSgMxFIbP1FutVasuBRlsBVdlpuBlWXDjsgV7gelQMmmmDc0kQ5IplKFLH8GNC0Xc+gB9Dnc+gy9hello6w+Bj/8/h5xzgphRpR3ny8psbG5t72R3c3v5/YPDwtFxU4lEYtLAggnZDpAijHLS0FQz0o4lQVHASCsY3s3y1ohIRQV/0OOY+BHqcxpSjLSxvFJnhGQ8oN1KqVsoOmVnLnsd3CUUq/lp/fvxbFrrFj47PYGTiHCNGVLKc51Y+ymSmmJGJrlOokiM8BD1iWeQo4goP52PPLEvjNOzQyHN49qeu787UhQpNY4CUxkhPVCr2cz8L/MSHd76KeVxognHi4/ChNla2LP97R6VBGs2NoCwpGZWGw+QRFibK+XMEdzVldehWSm71+WrulusVmChLJzCOVyCCzdQhXuoQQMwCHiCF3i1tPVsvVnvi9KMtew5gT+yPn4AOTGUOQ==</latexit>'2

 <latexit sha1_base64="CIpYGtWyEP4aTAxxgBAHxKIljD8=">AAAB8nicbZDLSgMxFIYzXmutWnUpSLAVXJWZipdlwY3LFuwFpkPJpJk2NJMZkjOFMnTpI7hxoYhbH6DP4c5n8CVMLwtt/SHw8f/nkHOOHwuuwba/rLX1jc2t7cxOdje3t3+QPzxq6ChRlNVpJCLV8olmgktWBw6CtWLFSOgL1vQHd9O8OWRK80g+wChmXkh6kgecEjCWW2wPiYr7vHNZ7OQLdsmeCa+Cs4BCJTepfT+eTqqd/Ge7G9EkZBKoIFq7jh2DlxIFnAo2zrYTzWJCB6THXIOShEx76WzkMT43ThcHkTJPAp65vztSEmo9Cn1TGRLo6+Vsav6XuQkEt17KZZwAk3T+UZAIDBGe7o+7XDEKYmSAUMXNrJj2iSIUzJWy5gjO8sqr0CiXnOvSVc0pVMporgw6QWfoAjnoBlXQPaqiOqIoQk/oBb1aYD1bb9b7vHTNWvQcoz+yPn4AOraUOg==</latexit>'3
<latexit sha1_base64="CIpYGtWyEP4aTAxxgBAHxKIljD8=">AAAB8nicbZDLSgMxFIYzXmutWnUpSLAVXJWZipdlwY3LFuwFpkPJpJk2NJMZkjOFMnTpI7hxoYhbH6DP4c5n8CVMLwtt/SHw8f/nkHOOHwuuwba/rLX1jc2t7cxOdje3t3+QPzxq6ChRlNVpJCLV8olmgktWBw6CtWLFSOgL1vQHd9O8OWRK80g+wChmXkh6kgecEjCWW2wPiYr7vHNZ7OQLdsmeCa+Cs4BCJTepfT+eTqqd/Ge7G9EkZBKoIFq7jh2DlxIFnAo2zrYTzWJCB6THXIOShEx76WzkMT43ThcHkTJPAp65vztSEmo9Cn1TGRLo6+Vsav6XuQkEt17KZZwAk3T+UZAIDBGe7o+7XDEKYmSAUMXNrJj2iSIUzJWy5gjO8sqr0CiXnOvSVc0pVMporgw6QWfoAjnoBlXQPaqiOqIoQk/oBb1aYD1bb9b7vHTNWvQcoz+yPn4AOraUOg==</latexit>'3
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Observation 3

GPU thread workload imbalance occurs during rule deduction on D

 <latexit sha1_base64="aHW3IRHzGZgYK6+9QWh13UCHaGM=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAYTwSrsWkQ7AwpaRjQXSJYwO5lNhszOLjOzQlzyCDYWithaW/kkdpa+ibNJCk38YeDj/89hzjlexJnStv1lZRYWl5ZXsqu5tfWNza389k5dhbEktEZCHsqmhxXlTNCaZprTZiQpDjxOG97gPM0bd1QqFopbPYyoG+CeYD4jWBvrpnhR7OQLdskeC82DM4XC2cf99+X7XlLt5D/b3ZDEARWacKxUy7Ej7SZYakY4HeXasaIRJgPcoy2DAgdUucl41BE6NE4X+aE0T2g0dn93JDhQahh4pjLAuq9ms9T8L2vF2j91EyaiWFNBJh/5MUc6ROneqMskJZoPDWAimZkVkT6WmGhznZw5gjO78jzUj0tOuVS+dgoVGybKwj4cwBE4cAIVuIIq1IBADx7gCZ4tbj1aL9brpDRjTXt24Y+stx9xR5Ds</latexit>

D
<latexit sha1_base64="aHW3IRHzGZgYK6+9QWh13UCHaGM=">AAAB6nicbZC7SgNBFIbPxluMt3jpbAYTwSrsWkQ7AwpaRjQXSJYwO5lNhszOLjOzQlzyCDYWithaW/kkdpa+ibNJCk38YeDj/89hzjlexJnStv1lZRYWl5ZXsqu5tfWNza389k5dhbEktEZCHsqmhxXlTNCaZprTZiQpDjxOG97gPM0bd1QqFopbPYyoG+CeYD4jWBvrpnhR7OQLdskeC82DM4XC2cf99+X7XlLt5D/b3ZDEARWacKxUy7Ej7SZYakY4HeXasaIRJgPcoy2DAgdUucl41BE6NE4X+aE0T2g0dn93JDhQahh4pjLAuq9ms9T8L2vF2j91EyaiWFNBJh/5MUc6ROneqMskJZoPDWAimZkVkT6WmGhznZw5gjO78jzUj0tOuVS+dgoVGybKwj4cwBE4cAIVuIIq1IBADx7gCZ4tbj1aL9brpDRjTXt24Y+stx9xR5Ds</latexit>

D

Thread
Block

Thread
Block

Thread
Block

Heavy Thread
Block …

Heavy Thread

Candidates:  Tuple pairs

T1 T2 T3 T4 T5 T6 T7 T8 T9
……

Unique Challenges for Rule-Based Blocking

■ Early termination for a thread (first rule suffice) vs. full traversal for another thread
(no early witness).

■ Even for the same predicate, the evaluation time on different tuples is different (e.g.,
long vs. short text)
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Solutions

Parallel Sliding Window

Interval 2

TB 1 TB 2

1 |D|

1

Interval 1 Interval 3

TB 3

Interval 5

TB 1 TB 2

Interval 4 Interval 6

TB 3

Interval 8

TB 1 TB 2

Interval 7 Interval 9

TB 3

Sliding window 1 Sliding window 2 Sliding window 3

|D|

Task Stealing

Time unit TB 1 TB 2 TB 3

IDLE
IDLE IDLE
IDLE IDLE
IDLE IDLE
IDLE IDLE
IDLE IDLE

TB 1 TB 2 TB 3
1
2
3
4
5
6
7
8
9

1
2
3
4
5
6

Time unit

IDLE IDLE

7

10 TB 1 TB 2 TB 3
1
2
3
4
5
6

Time unit
(a) Intuitive approach

(b) Iter-interval task stealing

(c) Intra-interval task stealing

Evaluate the cartesian  product 
between IntervalX and P  

IDLE
IDLE

IDLE
IDLE

IDLE

Interval 2 Interval 3
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Experimental

Dataset

Dataset Domain #Tuples Max #Pairs #GT Pairs #Attrs #Rules #Partitions

Fodors-Zagat restaurant 866 1.8× 104 112 6 1 1
DBLP-ACM citation 4591 6.0× 106 2294 4 10 8

DBLP-Scholar citation 66881 1.7× 108 5348 4 10 8
IMDB movie 1.5M 8.1× 1010 0.2M+ 6 10 128
Songs music 0.5M 2.7× 1011 1.2M 8 10 128
NCV vote 2M 1.0× 1012 0.5M+ 5 10 512

TPCH synthetic 4M 1.6× 1013 # 8 30 512
TFACC traffic 10M 1.0× 1014 # 16 50 1024

TFACClarge traffic 36M 1.3× 1015 # 16 50 1024

Baselines
■ Distributed on 30 nodes: SparkER[EDBT’19], DisDedup[VLDB’16], Dedoop[VLDB’12]

■ GPU-based: DeepBlocker[VLDB’21], GPUDet[HPIFuture’13]

■ Matcher: Ditto[VLDB’20]

■ Variants: HyperBlockernoEPG: without EPG, HyperBlockerHO: disables all hardware
optimizations, HyperBlockerDitto: HyperBlocker as blocker and Ditto as the matcher
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HyperBlocker is Highly Efficient and Scalable

Achieves speeds 6.818× faster than baselines, with comparable accuracy

Method
DBLP-ACM IMDB Songs NCV

F1-score Time (s) F1-score Time (s) F1-score Time (s) F1-score Time (s)

SparkER 0.77 (-0.17) 11.0 (13.8×) 0.31 (-0.65) 242.9 (6.8×) 0.08 (-0.72) 203.4 (15.2×) 0.26 (-0.66) 229.3 (49.8×)

GPUDet 0.92 (-0.02) 20.1 (25.1×) 0.94 (-0.02) 323.8 (9.1×) 0.80 (+0) 404.8 (30.2×) 0.90 (-0.02) 1252.6 (272.3×)

DeepBlocker 0.98 (+0.04) 8.3 (10.4×) / >3h / >3h / >3h

HyperBlockernoEPG 0.94 (+0) 9.9 (12.4×) / >3h 0.80 (+0) 1904.1 (142×) 0.92 (+0) 2408.6 (523.6×)

HyperBlockernoHO 0.94 (+0) 9.5 (11.9×) 0.96 (+0) 472.6 (13.2×) 0.80 (+0) 45.0 (3.4×) 0.92 (+0) 35.9 (7.8×)

HyperBlocker 0.94 0.8 0.96 35.7 0.80 13.4 0.92 4.6

Dedoop 0.90 (-0.08) 59.4 (9.4×) 0.67 (-0.29) 534.0 (15.0×) 0.80 (-0.08) 7643.4 (6.5×) / >3h

DisDedup 0.45 (-0.53) 94.0 (14.9×) 0.67 (-0.29) 644.0 (18.0×) 0.06 (-0.82) 917.0 (0.8×) / >3h

Dittotop2 0.98 (+0) 9.0 (1.4×) 0.79 (-0.17) 6741.2 (188.8×) 0.88 (+0) 2308.6 (2.0×) 0.97 (+0.03) 381.8 (2.1×)

DeepBlockerDitto 0.99 (+0.01) 12.4 (2.0×) / >3h / >3h / >3h

HyperBlockerDitto 0.98 6.3 *0.96 *35.7 0.88 1179.0 0.94 180.6

HyperBlocker can scale to large dataset: it process 36M tuples within 3h.
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HyperBlocker Reduces Memory Costs
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Figure 3: DL-based blocking vs. rule-based blocking
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HyperBlocker Takeaways

■ Improves Performance

■ Scale up to 36M tuples

■ Benefit beyound Blockfing in Entity Resolution

■ Source code: https://github.com/hsiaoko/HyperBlocker
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Thanks
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Backup Slides
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HyperBlocker is Scalable

0.5 0.6 0.7 0.9 1.0
Scale Factor

1000

2000

3000

4000

Ti
m

e
(s

)

1 GPU
2 GPU

4 GPU
8 GPU

(a) TFACC: Varying #GPUs

2 3 4 5 6
# Predicates

25

75

125

Ti
m

e
(s

)

HyperBlocker-noPO
HyperBlocker

(b) IMDB: Varying |φ|
1 2 4 6 8 10

|∆|

100

1000

Ti
m

e
(s

)

HyperBlocker-noRO
HyperBlocker

(c) IMDB: Varying |∆|

24



EPG VS Existing Query Optimizer

Table 1: Time under different execution plans

Method Songs DBLP-ACM NCV IMDB

PostgreSQL 40.6 (3.0×) 0.7 (2.3×) 13.5 (2.2×) 13036.0 (449.5×)
TupleX[SIGMOD’21] 14.2 (1.04×) 0.4 (1.3×) 12.4 (2.0×) 36.1 (1.2×)

EPG 13.6 0.3 6.2 29.0
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