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Derivation of optimized annealing setup conditions.
The key challenge for correct sequential allocations is to remove type 1 local minima. Assignments trapped in such local minima need to be re-allocated by MCSA to achieve maximization of , minimization of  and  and maximal continuous good connection . When trapped in their local minima, they form either one or two good connections with their neighbors, just like the correctly allocated assignments. To remove such a misallocated coincidental “good assignment”, it will result , unless they are replaced by a new assignment pair that also make the same or more good connections with neighbors, which is possible but its probability is very low. The most likely route to take out a pair of residue type assignments trapped in a local minimum with the least penalty, is to replace by a null assignment, whose probability is specified by . However, not every attempt to replace with a null assignment will be accepted due to the penalty associated with the negative score function, unless sufficient trials are guaranteed. In the following, we will derive from basic statistics to specify the condition, which will guide the optimized setup for ASAP.
At the beginning of annealing step , assume that a residue type assignment pair are forming two good connections with its neighbors. For the simplicity of our derivation, neglecting the non-uniform composition of different amino acids, the probability for an assignment pair of a specific residue type to be allocated to its correct position is:
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Here  is the total number of residues in the protein. We note that for those implicated with  sets of assignments with overlapping 15N resonances,  scales up accordingly, as they can more frequently be trapped with two good connections. Now, we are to replace this residue type assignment pair making two good connections with its neighbors by a null assignment. The incurred change of score function is: 
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The probability for this step to be accepted is:
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Hence, the probability of its rejection is:
	
	

	4


If  is the total number of attempts to replace the existing assignment by a null assignment, the number of guaranteed accepted moves is:
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The probability to make a null assignment attempt every time we visit a residue position is . If we accept 95% probability to make a null assignment as an insurance, which is guaranteed in every six visits to each residue position, the number of null assignment attempts that takes place after this assignment pair trapped in a position with two good connection at the beginning of this annealing step is:
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Here  is the total available Monte attempts. Therefore, combining Eqs. 5 and 6, the guaranteed number of accepted null assignment moves at each annealing step is:
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To ensure its occurrence in operation, the threshold is determined by setting the expression in Eq. 5 to 1:
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Which can be further transformed into:
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Plug in the expression for  in Eq. 3:
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Towards later stage of annealing,  and , so Taylor expansion is justified. Keep the first order approximation:
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Which gives us:
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Plug in the expression from Eq. 6, the number of Monte Carlo attempts required for one successful escape from a position making two good connections at the beginning of an annealing step is:
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The same analysis can be applied for an assignment making a single good connection to either of its neighbors, with the other neighbor occupied by a null assignment. The threshold is described by:
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Therefore, given the annealing setup, Eqs. 13 and 14 are the analytical expressions to estimate the annealing steps for ASAP to execute effective annealing. 
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Figure 
S
1
. Snapshot of the summary report by ARTIST match pairing.
)
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Figure S2. Histogram of the number of matched 
RTA 
pairs
 
with overlapping 
15
N resonances and sufficiently different secondary chemical shifts
 implicated to incur type 2 local minima for RSV (A), 
SrtC
 (B) and MLKL (C)
. Red filled bars: results 
based on
 
inpu
t
 with entirely non-ambiguous 
RTAs
. Blue empty bars: results 
based on input with 
level 2 ambiguity
 for RSV, or 
level 1 ambiguity
 for 
SrtC
 and MLKL as described in text
.
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Figure S3. Re-allocation frequency of each 
RTA
 in 
input 1
 as a function of annealing progress. The scale bar to the right denotes the re-allocation frequency.
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Figure S
4
. Re-allocation frequency of each residue
 position at specified annealing step in A and B, and 
RTAs
 seated at neighboring positions at specified annealing step in C and D
. The scale bar
s
 to the right denote the re-allocation frequency.
)
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Figure S
5
. Re-allocation frequency of each residue
 position at specified annealing steps for run 10 in Table 1
 
(without ambiguity in input) in (A) and run 
14
 in Table 
3
 (with ambiguity in input) in (B).
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	Shifted assignments sets
	15N resonance
	13C-alpha resonance
	13C-beta resonance
	Allocated positions
	Ambiguity in input

	
	122.6
	54.99
	19.04
	A72
	No

	
	122.3
	54.51
	18.02
	A131
	Yes

	
	119.1
	60.5
	38.1
	I172
	Yes

	
	119
	66.08
	38.63
	I35
	No

	
	134.4
	64.9
	NAN
	P63
	Yes

	
	134.8
	65.0
	NAN
	P152
	No

	
	107.7
	44.46
	NAN
	G94
	Yes

	
	107.7
	44.5
	NAN
	G30
	No


Table S1. Shifted RTAs due to ambiguity in input that are not seated at the edge of a stretch of assignments with good connections. 
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lco mateh to nca asgn search copleted.
The protedn anino acld sequence 1

The protein sequence read from RSV_seq.txt

PWIKTEGPA  WTPLEPKLIT  RLAOTVRIKE  LRSPITHAEV
VIRV LaAPvaLnt v TaaTROPR
THURLKGLA  DONGIPOGQ  AALLRPGELY  AITASALON
GUADTHGP  SESFVDFANR  LTKAVEGSDL  PPSARAPVIT
IQUIRTASS  TLITRGELIK  WLoRQTAP |

EALSSPLLP
PAIGOGRGER
REVARLAEPA
DCFROKSQPD

The Follostng 1s the breskdown of sequence conposition and residue types in the lnput nca asignments.

anino scid types num of copies in sequence
a % 2 v
c 1 i o 1
o 1 1 o n
€ 1 1 o 1
E 4 . 0 .
o i 1 e .
K 2 2 o 2
1 s 1 o 9
K H 5 o 5
L % 2 o 2
" 6 6 o s
u 5 5 o s
P bl 23 0 1
Q 12 2 o 5
R 7 7 0 3
s 0 0 o )
T i 15 o 1
v 5 15 o )
W s . o s
Y 2 2 o 2

Tnput statistics:
Thers are 0 sequentislly sssigned nca ssgn pre-existing in ncacx input
There are additlonal 230 none definite nca asgn.

There sre 414 individual resonances(peaks) froa ncocx input.
There are 17 individual nco resonances (peaks) not used for match Finding.

Matching results:
20 nca inputs do not have matched nco
89 nca inputs have 1 unique matched nco
have 2 matched nco
have 3 matched nco
have & matched nco
have 5 matched nco
have non-overlaping and unique nco match
nca nputs have non-overlaping and non unique nco match.

There are.
There are
There are
There are.
There are
There are.
There are
There are a

36 nca inputs
32 nea inputs
22 nca tnputs
12 nca inputs
47 nca inputs
dditional 16

num of copies in ncacx input num of definitely asgned in ncacx input

Overlaping definition: if any nco signals used in a match is used more than
its specified degeneracy values in the entire nco fo nca match search process.

fum of copiss fres from local minisus concerns in ncacx dnput
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