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Protein	Sequence	Multiple	Alignment



Motivation: 
The main problem in multiple sequence alignment makes it so much harder than 
pairwise alignment is the curse of dimensionality of the cost hypercube. The memory 
cost to save the value in a hypercube increases exponentially.
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Method: 
We can substitute the Matching score with an embedding vector cosine 
similarity. We find this embeddings have the ability to measure the 
dissimilarity between aligned patches. 
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The dissimilarity between multiple patches can be captured be the convex cone 
formed by the N embedding vectors, since they preserve the relationship in their 
cosine similarity.



A* is a classical path search algorithm. At each iteration of its main loop, A* needs to determine 
which of its paths to extend. It does so based on the cost of the path and an estimate of the cost 
required to extend the path all the way to the goal. Specifically, A* selects the path that minimizes

f(n) = g(n) + h(n)
<latexit sha1_base64="RPophjKfJy/UKSZRFLMY8KNChys=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUhJJUQTdC0Y3LCvYBbSiT6aQdOpmEmYlYQn/FjQtF3Poj7vwbJ20W2npguIdz7uXeOX7MmdKO822trK6tb2wWtorbO7t7+/ZBqaWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e1HKhWLxIOexNQL8VCwgBGsjdS3S0FFnKJrNMzKGRqZ0rfLTtWZAS0TNydlyNHo21+9QUSSkApNOFaq6zqx9lIsNSOcTou9RNEYkzEe0q6hAodUeens9ik6McoABZE0T2g0U39PpDhUahL6pjPEeqQWvUz8z+smOrjyUibiRFNB5ouChCMdoSwINGCSEs0nhmAimbkVkRGWmGgTV9GE4C5+eZm0alX3vFq7vyjXb/I4CnAEx1ABFy6hDnfQgCYQeIJneIU3a2q9WO/Wx7x1xcpnDuEPrM8f3LiRvQ==</latexit>

where n is the next node on the path, g(n) is the cost 
of the path from the start node to n, and h(n) is a 
heuristic function that estimates the cost of the 
cheapest path from n to the goal. Which encourage 
the agent go directly to the goal. 


In this way, we only need to save the values on the 
path. It is a way to reduce the computational 
complexity to O(NL).

A* algorithm

https://en.wikipedia.org/wiki/Heuristic


The max over an exponential number of choices is still a barrier in the path search on hypercube.

e.g. find the max/min value in the bellman recursion step. 


As shown in the figure, the possible move for even a single step increases exponentially w.r.t. the number of 
sequences to work on (note as N).

It	 is	 easy	 to	 see	 the	 single	 step	 chooses	
correspond	to	all	vertex	on	the	hypercube	except	
for	the	origin.

(1, 0)
<latexit sha1_base64="IUvK6iI9YCkyj5wAEMKHT+6PF+c=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdVtBj0YvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hYqVX2LpB73i+W3Io7B1olXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LBY6o9tP5tVN0ZpUBCqWyJQyaq78nUhxpPYkC2xlhM9LL3kz8z+smJrz2UybixFBBFovChCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMGG4C2/vEpa1YpXq1TvL0v1myyOPJzAKZTBgyuowx00oAkEHuEZXuHNkc6L8+58LFpzTjZzDH/gfP4AbcWNuA==</latexit>

(1, 1)
<latexit sha1_base64="2UCTCCz3VQMLGb37JoEfgolLzi0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdVtBj0YvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hYqVX2LpB33i+W3Io7B1olXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LBY6o9tP5tVN0ZpUBCqWyJQyaq78nUhxpPYkC2xlhM9LL3kz8z+smJrz2UybixFBBFovChCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMGG4C2/vEpa1YpXq1TvL0v1myyOPJzAKZTBgyuowx00oAkEHuEZXuHNkc6L8+58LFpzTjZzDH/gfP4Ab0qNuQ==</latexit>

(0, 1)
<latexit sha1_base64="yQhhg90paxEvq4ojZWN+oyGJPz4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdVtBj0YvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hYqVV2L5B33i+W3Io7B1olXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LBY6o9tP5tVN0ZpUBCqWyJQyaq78nUhxpPYkC2xlhM9LL3kz8z+smJrz2UybixFBBFovChCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMGG4C2/vEpa1YpXq1TvL0v1myyOPJzAKZTBgyuowx00oAkEHuEZXuHNkc6L8+58LFpzTjZzDH/gfP4AbcKNuA==</latexit>

Choices	on	square

(0, 0, 1)
<latexit sha1_base64="HXrPkTjtNdsZ4L891uX+pfONDjY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBItQQcpMK+iy6MZlBfuQdiiZNNOGJpkhyQhl6Fe4caGIWz/HnX9j2s5CWw8JHM65l3vvCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49uZ336iSrNIPphJTH2Bh5KFjGBjpceye4Hs8877xZJbcedAq8TLSAkyNPrFr94gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nS88RWdWGaAwUvZLg+bq744UC60nIrCVApuRXvZm4n9eNzHhtZ8yGSeGSrIYFCYcmQjNrkcDpigxfGIJJorZXREZYYWJsRkVbAje8smrpFWteLVK9f6yVL/J4sjDCZxCGTy4gjrcQQOaQEDAM7zCm6OcF+fd+ViU5pys5xj+wPn8AZwBjlI=</latexit>

(0, 1, 0)
<latexit sha1_base64="KDBtbHXYjbGV2M9Q9rsG/9rQa90=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7VdBj0YvHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49uZ336iSrNIPphJTH2Bh5KFjGBjpceyW0FeBbnn/WLJrbpzoFXiZaQEGRr94ldvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rVUYkG1n84PnqIzqwxQGClb0qC5+nsixULriQhsp8BmpJe9mfif101MeO2nTMaJoZIsFoUJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGBRuCt/zyKmnVqt5FtXZ/WarfZHHk4QROoQweXEEd7qABTSAg4Ble4c1Rzovz7nwsWnNONnMMf+B8/gCcBI5S</latexit>

(1, 0, 0)
<latexit sha1_base64="H+BNflWprLIozKLP6OYJztZpuTI=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBItQQcpMK+iy6MZlBfuQdiiZNNOGJpkhyQhl6Fe4caGIWz/HnX9j2s5CWw8JHM65l3vvCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49uZ336iSrNIPphJTH2Bh5KFjGBjpceyd4Fc+877xZJbcedAq8TLSAkyNPrFr94gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nS88RWdWGaAwUvZLg+bq744UC60nIrCVApuRXvZm4n9eNzHhtZ8yGSeGSrIYFCYcmQjNrkcDpigxfGIJJorZXREZYYWJsRkVbAje8smrpFWteLVK9f6yVL/J4sjDCZxCGTy4gjrcQQOaQEDAM7zCm6OcF+fd+ViU5pys5xj+wPn8AZwHjlI=</latexit>

(1, 1, 0)
<latexit sha1_base64="lQ3I6GTQJv1vO2wCIYS7CrVBPcs=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBItQQcpMK+iy6MZlBfuQdiiZNNOGJpkhyQhl6Fe4caGIWz/HnX9j2s5CWw8JHM65l3vvCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49uZ336iSrNIPphJTH2Bh5KFjGBjpceyd4Hsc8/7xZJbcedAq8TLSAkyNPrFr94gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nS88RWdWGaAwUvZLg+bq744UC60nIrCVApuRXvZm4n9eNzHhtZ8yGSeGSrIYFCYcmQjNrkcDpigxfGIJJorZXREZYYWJsRkVbAje8smrpFWteLVK9f6yVL/J4sjDCZxCGTy4gjrcQQOaQEDAM7zCm6OcF+fd+ViU5pys5xj+wPn8AZ2PjlM=</latexit>

(1, 0, 1)
<latexit sha1_base64="ccaPI7IQbvzr5w6zvtL8OW51tRk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahQim7VdBj0YvHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49uZ336iSrNIPphJTH2Bh5KFjGBjpceyV0FuBXnn/WLJrbpzoFXiZaQEGRr94ldvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rVUYkG1n84PnqIzqwxQGClb0qC5+nsixULriQhsp8BmpJe9mfif101MeO2nTMaJoZIsFoUJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGBRuCt/zyKmnVqt5FtXZ/WarfZHHk4QROoQweXEEd7qABTSAg4Ble4c1Rzovz7nwsWnNONnMMf+B8/gCdjI5T</latexit>

(0, 1, 1)
<latexit sha1_base64="EifJBv4N/qL5hgNOvZK97MZc/lE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBItQQcpMK+iy6MZlBfuQdiiZNNOGJpkhyQhl6Fe4caGIWz/HnX9j2s5CWw8JHM65l3vvCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49uZ336iSrNIPphJTH2Bh5KFjGBjpceye4E8+877xZJbcedAq8TLSAkyNPrFr94gIomg0hCOte56bmz8FCvDCKfTQi/RNMZkjIe0a6nEgmo/nS88RWdWGaAwUvZLg+bq744UC60nIrCVApuRXvZm4n9eNzHhtZ8yGSeGSrIYFCYcmQjNrkcDpigxfGIJJorZXREZYYWJsRkVbAje8smrpFWteLVK9f6yVL/J4sjDCZxCGTy4gjrcQQOaQEDAM7zCm6OcF+fd+ViU5pys5xj+wPn8AZ2JjlM=</latexit>

(1, 1, 1)
<latexit sha1_base64="FJlfLzE53ZOwyx29x7dDrWTdZYY=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBEqSJmpgi6LblxWsA9ph5JJM21okhmSjFCGfoUbF4q49XPc+Tdm2llo6yGBwzn3cu89QcyZNq777aysrq1vbBa2its7u3v7pYPDlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Dbz209UaRbJBzOJqS/wULKQEWys9FjxzlH2zvqlslt1Z0DLxMtJGXI0+qWv3iAiiaDSEI617npubPwUK8MIp9NiL9E0xmSMh7RrqcSCaj+dLTxFp1YZoDBS9kuDZurvjhQLrScisJUCm5Fe9DLxP6+bmPDaT5mME0MlmQ8KE45MhLLr0YApSgyfWIKJYnZXREZYYWJsRkUbgrd48jJp1areRbV2f1mu3+RxFOAYTqACHlxBHe6gAU0gIOAZXuHNUc6L8+58zEtXnLznCP7A+fwBnxSOVA==</latexit>

Choices	on	3D	cube

V (I0) = cosy(I0) + � max
a:I0!I1

V (I0, a)
<latexit sha1_base64="yc1pD1xqHcSoOrQGDsQTWVaP6mQ="></latexit>
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N	sequences,			ND,																					Neighbors.	2N � 1<latexit sha1_base64="qeU+22GqMdghzk/0rcNOgGfnKPw=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sexWQY9FL56kgv2Adi3ZNNvGZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut7O0vLK6tl7YKG5ube/slvb2m1omitAGkVyqdoA15UzQhmGG03asKI4CTlvB6DrzW09UaSbFvRnH1I/wQLCQEWys1Kw+3J56xV6p7FbcKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/FyjDC6aTYTTSNMRnhAe1YKnBEtZ9Or52gY6v0USiVLWHQVP09keJI63EU2M4Im6Ge9zLxP6+TmPDST5mIE0MFmS0KE46MRNnrqM8UJYaPLcFEMXsrIkOsMDE2oCwEb/7lRdKsVryzSvXuvFy7yuMowCEcwQl4cAE1uIE6NIDAIzzDK7w50nlx3p2PWeuSk88cwB84nz/cTI4A</latexit>



So	the	min	choice	is	equal	to:	
Given	N	pair	of	data,	each	pair	has	one	data	from	set	S0	and	one	from	S1.	Try	to	choose	on	element	from	
each	pair	of	data,	such	that	the	chosen	element	form	the	most	compact	cluster.		

A	solution	example	on	4D	hypercube,	we	chose	d11,	d21,	d30,	d40	to	form	the	most	compact	cluster.	We	
give	up	on	d31,	because	we	can	only	 chose	1	element	 in	each	pair	 (each	 column).	And	 the	 choice	we	
made	give	use	the	step	(1,1,0,0)

set 1 2 3 4

S0 d10 d20 d30 d40

S1 d11 d21 d31 d41

chose

d20

d10 d30

d40

d11

d31

d21

d41

d20
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d40

d11

d31

d21

d41

(1, 1, 0, 0)
<latexit sha1_base64="64eahwegCuau66wHuT40IzKF6tA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix6MVjBfsB7VKyabYNzWaXZFYopX/DiwdFvPpnvPlvTNs9aOtjAo/3ZpjJCxIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6G7mt564NiJWjzhOuB/RgRKhYBSt1C17F8SWa+u8Vyy5FXcOskq8jJQgQ71X/Or2Y5ZGXCGT1JiO5yboT6hGwSSfFrqp4QllIzrgHUsVjbjxJ/Obp+TMKn0Sxto+hWSu/p6Y0MiYcRTYzoji0Cx7M/E/r5NieONPhEpS5IotFoWpJBiTWQCkLzRnKMeWUKaFvZWwIdWUoY2pYEPwlr+8SprVindZqT5clWq3WRx5OIFTKIMH11CDe6hDAxgk8Ayv8Oakzovz7nwsWnNONnMMf+B8/gDNWo7t</latexit>

Step



We	can	find	a	local	optimal	solution	for	this	min	choice	problem	in	a	iterative	way	similar	to	k-
means	algorithms.	The	convergence	to	a	local	optimal	is	guaranteed.	

chose	initial	choice	to	be	step	=	(1,	1,	1,	1,	…	,1).	
compute	the	initial	center	C_0,	of	by	all	embeddings	at	position	1.	
C_old	=	C_0	
while	C_new	!=	C_old:	

C_old	=	C_new	
for	i	=	1	to	N:	

current_choice	=	step[i]					(0	or	1)	
alternate_choice	=	1	-	step[i]					(1	or	0)	
distance_current	=	D(C_old,	embedding[i][current_choice])	
distance_alternate	=	D(C_old,	embedding[i][alternate_choice])	
if	distance_current	>	distance_alternate:	

step[i]	=	1	-	step[i]	
C_new	=	sum(embedding[i][step[i]])	
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Parallel



Initialize	vectors	for	sequences

Initialize	empty	mean	vectors

omp set num threads(N);
<latexit sha1_base64="lVuFZT4TSRcCke3VfjY2E1kKOq8=">AAACA3icbVDLSgMxFM3UV62vqjvdDBahbspUiw/cFN24kgr2AZ0yZNK0DU0yQ3JHKKXgxl9x40IRt/6EO//GzHQQtR4IHM65h5t7/JAzDY7zaWXm5hcWl7LLuZXVtfWN/OZWQweRIrROAh6olo815UzSOjDgtBUqioXPadMfXsZ+844qzQJ5C6OQdgTuS9ZjBIORvPxOIELX0xRcT0bC9WBg0l1dvD449/IFp+QksGdJOSUFlKLm5T/cbkAiQSUQjrVul50QOmOsgBFOJzk30jTEZIj7tG2oxILqzji5YWLvG6Vr9wJlngQ7UX8mxlhoPRK+mRQYBvqvF4v/ee0IeqedMZNhBFSS6aJexG0I7LgQu8sUJcBHhmCimPmrTQZYYQKmtlxSwlmM4++TZ0njsFQ+KlVuKoXqRVpHFu2iPVREZXSCqugK1VAdEXSPHtEzerEerCfr1XqbjmasNLONfsF6/wLYu5fF</latexit>

#include	<stdio.h>		
#include	<omp.h>	
#include	<sstream>	
#include	<iostream>	
#include	<string>	
#include	<vector>

}
<latexit sha1_base64="U8d4lU3RAz19zbYI7Y91Aa0lnvY=">AAAB6XicbVDLSsNAFL2pr1pfUZduBovgqiRafOyKblxWsQ9oQ5lMJ+3QySTMTIQS+gduXCji1j9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNefDeyqU3NyoEXiFqQKBZoD+6M/jEgSUqEJx0r1XCfWXoqlZoTTWaWfKBpjMsEj2jNU4JAqL80vnaEjowxREElTQqNc/TmR4lCpaeibzhDrsfrrZeJ/Xi/RwYWXMhEnmgoyXxQkHOkIZW+jIZOUaD41BBPJzK2IjLHERJtwKnkIlxnOvl9eJO2Tmntaq9/Wq42rIo4yHMAhHIML59CAG2hCCwgE8AjP8GJNrCfr1Xqbt5asYmYffsF6/wK3po2f</latexit>

while(not over)
<latexit sha1_base64="dy2mpycvxsYizV8/zguARW3IoFo=">AAAB+XicbVDLSgMxFM3UV62vUZdugkWomzLV4mNXdOOygrWFdiiZNNOGZpIhuVMpQ//EjQtF3Pon7vwb03YQtR4IHM45l3tzglhwA5736eSWlldW1/LrhY3Nre0dd3fv3qhEU9agSijdCohhgkvWAA6CtWLNSBQI1gyG11O/OWLacCXvYBwzPyJ9yUNOCVip67oPAy5YSSroYGWDx1236JW9GfAiqWSkiDLUu+5Hp6doEjEJVBBj2hUvBj8lGjgVbFLoJIbFhA5Jn7UtlSRixk9nl0/wkVV6OFTaPgl4pv6cSElkzDgKbDIiMDB/van4n9dOILzwUy7jBJik80VhIjAoPK0B97hmFMTYEkI1t7diOiCaULBlFWYlXE5x9v3lRXJ/Uq6clqu31WLtKqsjjw7QISqhCjpHNXSD6qiBKBqhR/SMXpzUeXJenbd5NOdkM/voF5z3Lx8Ok3Y=</latexit>

Parallel	Code	

Parallel	Code

myid = omp get thread num();
<latexit sha1_base64="QR39bdve9yji+G6iju8jolbTiuY=">AAACCHicbVDLSgMxFM3UV62vqksXBotQN2WqxQciFN24rGAf0ClDJpO2oUlmSO4IpXTpxl9x40IRt36CO//G9IGo9UDgcM493NwTxIIbcN1PJzU3v7C4lF7OrKyurW9kN7dqJko0ZVUaiUg3AmKY4IpVgYNgjVgzIgPB6kHvauTX75g2PFK30I9ZS5KO4m1OCVjJz+7KPg/xBY5k7PkdBp4PXZsPPV8lMn9w7mdzbsEdA8+S4pTk0BQVP/vhhRFNJFNABTGmWXRjaA2IBk4FG2a8xLCY0B7psKalikhmWoPxIUO8b5UQtyNtnwI8Vn8mBkQa05eBnZQEuuavNxL/85oJtE9bA67iBJiik0XtRGCI8KgVHHLNKIi+JYRqbv+KaZdoQsF2lxmXcDbC8ffJs6R2WCgeFUo3pVz5clpHGu2gPZRHRXSCyugaVVAVUXSPHtEzenEenCfn1XmbjKacaWYb/YLz/gXU5pla</latexit>

#pragma omp parallel private(myid){
<latexit sha1_base64="4S4I5sLhSumU9wkrzmVtcyRJxW0=">AAACEXicbZDLSgMxFIYzXmu9VV26CRahbspUxcuu6MZlBVuFTiln0tMaTGZCkhGGoa/gxldx40IRt+7c+TZm2iLefgh8/OccTs4fKsGN9f0Pb2p6ZnZuvrBQXFxaXlktra23TJxohk0Wi1hfhWBQ8AiblluBV0ojyFDgZXhzmtcvb1EbHkcXNlXYkTCIeJ8zsM7qlipBWWkYSAhoLFVAFWgQAoUjzW/BYkWmvLcTZN1S2a/6I9G/UJtAmUzU6Jbeg17MEomRZQKMadd8ZTsZaMuZwGExSAwqYDcwwLbDCCSaTja6aEi3ndOj/Vi7F1k6cr9PZCCNSWXoOiXYa/O7lpv/1dqJ7R91Mh6pxGLExov6iaA2pnk8tMc1MitSB8A0d3+l7NplwqwLsTgK4TjXwdfJf6G1W63tVffP98v1k0kcBbJJtkiF1MghqZMz0iBNwsgdeSBP5Nm79x69F+913DrlTWY2yA95b58K151N</latexit>

Sequential	Code

check	#	thread	avail	
print,	define	variables

Code	Structure

AWS EC2 instance: m5a.16xlarge (- ECUs, 64 vCPUs, 2.5 GHz, AMD EPYC 7571, 256 GiB memory, EBS only)



Result	fix	total



Result	fix	total



Result	fix	thread	load



Result	fix	thread	load



Thanks


