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Shake-and-Bake

Generate triplet and (optionally) negative quartet invariants
Generate trial structures with randomly positioned atoms

For every tria structure Do
Structure factor calculation { produce phase set ¢}
Compute theinitial value of the minimal function, R(¢)

Do for a specified number of Shake-and-Bake cycles
Phase refinement { modify phase set ¢}
Fourier transformation { produce electron density map}
Peak selection { select largest peaks as new set of atoms}
Structure factor calculation { produce revised phase set ¢}
Compute new R(¢p)

end Do

Store final R(¢) for histogram purposes

1T R() < Reest
Roest = R(¢)
Store atoms
end If

end For-Do



Critical Input Files

structure.ref
Thisistheonly filerequired to be generated by theuser. This
file contains the reflections for the structure under
consideration. For each reflection, the user must supply E,
F, and o(F).

structure.inv

This file contains the invariants generated from a subset of
the reflections defined in the reflection file. It consists of
triplets and quartets. Each invariant is given in canonical
form and consists of a set of indices into the reflection list,
the associated |[A| or |B| value, the expected cosine of the in-
variant, and the phase shift.

structure.trials
Thisfile contains aset of input trial structures. All trialsin a
given file consist of the same number of atoms. Every atom
IS represented by a set of fractional coordinates.
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structure.ref

(updated by SnB)
4269 3.084 30. 64
5415 3.061 19. 09
.5267 3.015 19. 94
3387 2.974  44.06
.5339 2.873 18. 47
.5444 2.826 17. 42
. 4466 2.813 25. 63
.4825 2.798 22. 06

4456 2.764 25. 28
4065 2.749 29. 74
.4780 2.736 21. 96
.5128 2.681 18. 70
.2337 2.675 66. 79
.4553 2.643 23. 23
3991 2.637 29. 42
. 4398 2.630 24. 69
. 2214 2.612 69. 33

PO OOPrRO0OO0O00000000O0D0

65

.40
.42

91
39
37
54

. 46

53
63
47

.40

35

.49

62
52

.47

COoOowWkRRWOUPRPNMWOOOOREDNME

318
281
206

. 492

647
627
681
544
802

. 484

782
154
003
062

LAT7

770
763

el ol eololNolNololoeloloelololNolNololole



¢

R1

NPdpPOPRRPAPNPRPPRPROPPOWPRRPEPODNMDNDNW

T Q Tot
740 7400 0 7400

R2 R3
-9 - 25
10 -21
- 20 - 25
- 17 -43
13 - 36
17 -62
-13 - 57
-5 124
25 - 27
-5 127
-8 123
17 - 69
-4 235
-12 134
16 -71
7 207

- 14 114
37 -51
-9 116
-9 172
-23 124
- 24 -52

=
N

structure.inv

r
T
0

A B
465
449
432
413
404
393
393
382
376
376
373
372
363
360
353
352
351
350
344
342
341
340

O O OO 0000000000000 O0o0oo oo
O O OO0 0O0O0O00O00O0D0O0O00O00O00OO0o0oo oo

Format: 615, F9.6
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1000 74
X
. 859624
. 023051
182767
. 400339
. 208911
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structure.trias
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Critical Output Files

structure.SnB_review
B stores the parameter settingsin thisfile for review by the user.

structure.SnB_Rmins

B stores the final minimal function value of every tria structure
inthisfile. Thisfileis updated upon the completion of every trial
structure.

structure.SnB_best

This file contains the initial trial structure and final set of coordi-
nates corresponding to the best trial structure (i.e., smallest final
minimal function value) processed thus far.

structure.SnB_trace

Thisfile gives the value of the minimal function at the end of every
cycle of Shake-and-Bake for every trial structure.

structure.SnB_times

Running times of the trials are written to thisfile only after all trials
are complete.



structure.SnB_review

Shake- and- Bake runtine paranmeter file

Prefix for files containing results: deno
Reflection file prefix: ph8755

Space group: Pl

| nvariant file used: ./ph8755.1nv

Nunber of reflections used to generate file: 740
Nunber of triples used: 7400

Nunber of negative quartets used: O

Nunmber of atons in structure: 74
Nunber of starting atons in trial structures: 74

Nunber of trials to process: 100

Cycl es of Shake-and-Bake to run: 40

Nunber of initial trial structure: 1

Random nunber seed for generating trials: 13579
Atons saved to file: ./ph8755.trials

Refi nenent net hod: Paraneter Shift

Nunmber of conpl ete passes through phase set: 1
Nunber of attenpted phase shifts per pass: 2

Phase shift used in pass #1. 90
Exploit restricted phases: No
Expl oit heavy atons: No
Nunber of peaks to use: 74
Contents of the asymetric unit: Ol4, N9, C51, H83
Conti nuation of previous run: No
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structure.SnB_trace

./ denp. SnB trace

Structure 1
initial atom #1. 0.859624 0.805765 0.970482
initial atom #2: 0.023051 0.133481 0. 850767
initial atom #3: 0.182767 0.410052 0. 020193
initial atom #72: 0.843624 0.823910 0. 733767
initial atom #73: 0.831054 0.974624 0.702625
initial atom #74: 0.730908 0.577480 0.893482
i R n

0: 0.761
1: 0. 543

2: 0.478

11: 0. 380

12: 0. 372

13: 0. 367

14: 0. 316

15: 0. 247

16: 0. 246

36: 0. 248

37: 0. 248

38: 0. 250

39: 0. 248

40: 0. 248



structure.SnB_times

Cunul ative Tinmes for 40 cycles

Trial # TOTAL STRFAC RCALC SI MPLX EDVAP
1 38. 570 7.360 0. 880 8. 490 21. 830

2 38. 580 7.320 0. 910 8. 440 21.910

3 38. 620 7. 310 0.870 8. 550 21. 890

4 38. 650 7.320 0.870 8. 490 21. 950

5 38. 730 7.350 0. 840 8. 490 22. 030

6 38. 610 7. 350 0. 850 8. 480 21. 920

7 38. 690 7. 300 0. 870 8. 540 21. 980

8 38. 730 7. 340 0. 860 8. 450 22. 080

9 38. 530 7. 330 0. 880 8. 460 21. 860
10 38. 640 7. 340 0. 860 8. 550 21. 890
95 38.670 7. 350 0. 880 8. 490 21. 940
96 38. 610 7.310 0. 900 8.470 21. 920
97 38. 690 7. 340 0. 860 8. 490 22. 000
98 38. 800 7. 350 0. 910 8. 490 22. 040
99 38. 610 7. 360 0. 860 8. 500 21. 890
100 38. 750 7.410 0. 890 8. 510 21. 940

Aver age tinmes per cycle:
0. 965 0. 183 0. 022 0. 212 0. 548
The average tine per trial is 38 seconds. The total

time to conplete 100 trials using 40 cycles of
Shake- and- Bake per trial is: 64.33 mnutes.



SnB Default Parameters

Atomsin asymmetric unit n
Number of phases 10n
Number of triples 100n
Number of negative quartets 0
Number of trialsto generate 1000
Number of trials to process 100
Number of SnB cyclesfor [h/2(]

parameter shift, binary search,
and centrosymmetric search

Number of SnB cyclesfor [h/40]
tangent refinement



SnB

A Programfor Crystal Structure Determ nation by Shake-and- Bake
COPYRI GHT 1993 by Russ MIler and Charles M Weks

Version 0.9

Principal Contributors: C -S. Chang (SUNYAB), G T. DeTitta (MB),
SSM @Gllo (SUNYAB), H A Hauptman (MFB), R Jones (TMO),

A. Khalak (MFB), H Khalak (MFB), D.A. Langs (MB),

R MIller (SUNYAB), S. Potter (MFB), P. Thuman (BCM), C M Weks ( MFB)

MFB i s the Medical Foundation of Buffalo

SUNYAB is State University of New York at Buffalo
TMC i s Thi nki ng Machi nes Corporation

BCM i s Bayl or Col |l ege of Medicine

Pl ease hit RETURN to conti nue.



SnB

Crystal Structure Determ nation by Shake-and- Bake

COPYRI GHT 1993 by Russ MIler and Charles M Weks

MAI N MENU
1. Initiate Shake-and-Bake on trial structures.
2. Produce a histogram of conpleted trial structures.
3. Display the current best trial structure.
4. List active Shake-and-Bake | obs.
5. Exit.

Pl ease enter your selection :



SnB

Crystal Structure Determ nation by Shake-and- Bake

COPYRI GHT 1993 by Russ MIler and Charles M Weks

MAI' N VENU

I nitiate Shake-and-Bake on trial structures.
Produce a histogram of conpleted trial structures.
Di splay the current best trial structure.
Li st active Shake-and- Bake j obs.

Exit.

Ok b=

Pl ease enter your selection : help



Mai n nenu sel ecti on

Ent er:

(1) To run the Shake-and-Bake structure determ nation procedure;
This choice requires that a reflection file be available
in the appropriate format. The user nust be prepared to enter
cell constants, contents of the asymetric unit and neke,
choices (or use defaults) for sone basic SnB paraneters.
In addition, this option allows the user to create a set of
i nvariants (triples and/or quartets) and initial trial
struct ures.

(2) To visualize a histogramof final mniml function (Rm n)
val ues corresponding to a currently running or conpleted
Shake- and- Bake process. The user may generate several
hi st ograns before returning to the main nenu.

(3) To generate bond di stances and angl es correspondi ng to the best
best structure available froma currently running or conpleted
Shake- and- Bake process. A text plot of this final structure
Is created and saved to a file.

(4) To display any currently runni ng Shake- and- Bake processes in
the selected directory.

(5) To exit fromthe SnB programand return to the operating system
pronpt .

Press RETURN to resune operation.



SnB

Crystal Structure Determ nation by Shake-and- Bake

COPYRI GHT 1993 by Russ MIler and Charles M Weks

MAI N MENU
1. Initiate Shake-and-Bake on trial structures.
2. Produce a histogram of conpleted trial structures.
3. Display the current best trial structure.
4. List active Shake-and-Bake | obs.
5. Exit.

Pl ease enter your selection : 1



SnB Structure Determ nati on Procedure

Pl ease enter your nanme []: MIler

Wul d you like to work in expert or novice node [novice]: expert

Do you want to use info. froma previously stored structure [no]:
The current directory is "/usr2/home/mll er/Datasets/PH3755. denp"

Enter the unix path fromthis directory to the directory containing
the reflection file for the structure you wi sh to process.

Enter "quit" to return to the main nenu.
Path [./]:

Exi sting reflection files:

ph8755

Pl ease choose a reflection file or enter "quit" to return
to the main nmenu [ ph8755]:

Confirmthat this is what you want [yes]:



Enter the space group [P212121]: P1

Enter the cell constants as deci mal nunbers. G ve angles

I n degr ees.
A : 9.13
B : 10. 508
C . 15.077

ALPHA: 96. 73
BETA : 99. 29
GAMVA: 89. 09
Contents of the asymetric unit (eg., H2,0): 014, N9, C51, H83

Generate new i nvariant set [yes]:

Save invariant set to a file [yes]: vy
Enter the file prefix to use when saving invars. [ph8755]:

Enter the nunber of phases to be used [740]:
Enter the nunber of triples to be generated [7400]:

Enter the nunber of negative quartets to be generated [O0]:



Generate initial trial structures [yes]:
Nunmber of trials to generate [1000]:
Enter an integer seed [11909]: 13579
Atons per initial trial structure [74]:

Save initial trial structures to file [yes]:
Enter the file prefix for these trials [ph8755]:

Start processing at trial structure [1]:
Nunber of trial structures to process [100]:

Nunber of Shake-and-Bake cycles to be perforned [40]:



- Paraneter Shift

- Tangent Refi nenent

Bi nary Search

- Centrosymmetric Search

A WN B
1

Enter refinenent nethod [1]: 1

Exploit restricted phases [no]:

Enter the nunber of conpl ete passes through the phase set [1]:
Ent er the maxi num nunber of attenpted shifts per phase [2]:

Enter the phase shift to be used during the single pass:
Enter, in degrees, the phase shift for pass #1, [90]:

Enter the nunber of peaks to use [74]:
Keep trace file containing Mninmal Function values [yes]:

Store final structures for all trial structures in a file [no]:



SnB Structure Determination Procedure

1. Search path: ./
2. Reflection file prefix: ph8755
3. Space group: P1
4. Cell constants:
A: 9.1300 ALPHA: 96.7300
B: 10.5080 BETA : 99.2900
C: 15.0770 GAMMA: 89.0900
5. Contents of the asymmetric unit: O14,N9,C51 H83
6. Generate new invariant set: Yes

Number of phases to use: 740
Number of triples to use: 7400
Number of negative quartets to use: O
Save invariants to file: ./ph8755.inv
7 Generate random trial structures: Yes
Number of trials to generate: 1000
Random number seed: 13579
Starting atoms per trial: 74
Save random trials to file: ./ph8755.trials
8. Trial processing information
Number of trials to process: 100
Beginning at trial number: 1
Number of Shake-and-Bake cycles: 40
9. Exploit knowledge of heavy atoms: No
10. Refinement method: Parameter Shift
Exploit knowledge of restricted phases: No
Number of complete passes through phase set: 1
Number of attempted phase shifts per pass: 2
Phase shift used in pass #1: 90
11. Number of peaks to select: 74
12. Optional information storage
Keep trace file containing Minimal Function values: Yes
Store all final structures in file: No

Would you like to make any changes [n]:



Would you like to save this information to a file [y]:
Enter the file prefix for this information [ph8755]:

Would you like to run the program **now** with the parameters
defined as above? [y]:



SnB Structure Determination Procedure
Do you wish to continue a previous run [no]:
Please enter a prefix name that will be used to identify the
files associated with this run. Enter "quit" to return to
the main menu [Jul04.2132]: demo
Running SnB with file prefix "demo"...
Please wait:
Processing reflections . . . done.

Generating invariants . . . . done.

Hit RETURN to go back to the main menu.



SnB

Crystal Structure Determ nation by Shake-and- Bake

COPYRI GHT 1993 by Russ MIler and Charles M Weks

MAI N MENU
1. Initiate Shake-and-Bake on trial structures.
2. Produce a histogram of conpleted trial structures.
3. Display the current best trial structure.
4. List active Shake-and-Bake | obs.
5. Exit.

Pl ease enter your selection : 2



Histogram Procedure

The current directory is "/usr2/ honme/ mller/Datasets/PH8755. denp”
Enter the unix path fromthis directory to the directory
containing the data fromwhich a histogramw || be
produced.

Path [./]:

Files containing Mniml Function (Rm n) val ues:

deno

Pl ease choose a file to display or enter "quit" to return
to the main menu [deno]:

Enter the nunber of histogram buckets [20]:

Whul d you like to see the histogramon the screen [y]:



Number of atons in structure

Reflection file nanme: ph8755. ref
Prefix Filenane: deno

Nunber of trials processed: 100
Lowest Rm n val ue: 0. 243
H ghest Rm n value: 0.429

M ni mal Function Range I n range
0.243 to 0.252 55
0.253 to 0.262 8
0.263 to 0.272 0
0.273 to 0.282 0
0.283 to 0.292 0
0.293 to 0.302 0
0.303 to 0.312 0
0.313 to 0.322 0
0.323 to 0.332 0
0.333 to 0.342 0
0.343 to 0.352 0
0.353 to 0.362 3
0.363 to 0.372 1
0.373 to 0.382 5
0.383 to 0.392 8
0.393 to 0.402 2
0.403 to 0.412 16
0.413 to 0.422 1
0.423 to 0.432 1
0.433 to 0.442 0

H t RETURN go conti nue.

Tri al s

74

Nunber of Shake-and-Bake cycl es:
Nunber of phases used: 740
Nunber of triples used: 7400
Nunber of quartets used: O

EE R I S b S S S b S S S S I ik i S b b b b b b S

* k k%

40



SnB

Crystal Structure Determ nation by Shake-and- Bake

COPYRI GHT 1993 by Russ MIler and Charles M Weks

MAI N MENU
1. Initiate Shake-and-Bake on trial structures.
2. Produce a histogram of conpleted trial structures.
3. Display the current best trial structure.
4. List active Shake-and-Bake | obs.
5. Exit.

Pl ease enter your selection : 3



Di spl ay Bond Di stances and Angl es

You are currently in directory "/usr2/ hone/m |l er/Datasets/PH8755. denp"

Enter the unix path fromthis directory to the directory
containing the data fromwhich a plot will be produced.

Path [./]:

Files avail able for display:

deno

Pl ease choose a file to display or enter "quit" to
return to the main nenu [ deno]:

Exi sting information files:

ph8755

Pl ease choose an information file related to your display file or enter
"quit" to return to the main nmenu [ ph8755]:

Pl ease enter a file prefix used to represent the output of this
procedure [deno]:

Enter a description of the output [ph8755 plot]:

Nunmber of connected bl ocks of atons [4]:

M ni nrum nunber of atons defining a connected bl ock [4]:
Maxi num di stance for connected atons in angstrons [1.75]:

* Qutput has been placed in a file called './denp. SnB di spl ay’
* In order to viewthis file, exit the main nenu and type
* "nmore ./deno. SnB di spl ay" at the operating system pronpt.

Ht RETURN to go back to the nmain nenu.



ph8755 pl ot

9.13000 10.50800 15.07700 96.73000 99.29000 89.09000
0.00000 1. 0. 0. 0. 00000 O. 1. 0. 0.00000 O. 0. 1

FROM THE | NPUT LI ST ATOMS REJECTED/ ACCEPTED 0 74

NO. / NAME X Y z NO. / NAMVE X Y z NO. / NAMVE X Y z
1 1 0.6831 0.5214 0.0137 2 2 0.7517 0.5129 0.0879 3 3 0.2258 0.5888 0.6820
4 4 0.3123 0.2374 0.8646 5 5 0.1041 0.4803 0.3483 6 6 0.4710 0.3072 0.7026
7 7 0.2265 0.5049 0.8180 8 8 0.5374 0.4662 0.8203 9 9 0.3496 0.5074 0.0106

CONNECTED PEAKS IN PASS 1

| TERATION 1. NUMBER PI CKED 70
| TERATION 2. NUMBER PICKED 1

NO. / NAME X Y z NO. / NAME X Y z NO. / NAME X Y z
1 1 0.6831 0.5214 0.0137 2 2 0.7517 0.5129 0.0879 3 3 0.2258 0.5888 -0.3180
0.3123 0.2374 -0.1354 5 5 0.1041 0.4803 -0.6517 6 6 0.4710 0.3072 -0.2974
7 7 0.2265 0.5049 -0.1820 8 8 0.5374 0.4662 -0.1797 9 9 0.3496 0.5074 0.0106
10 10 0.7966 0.2442 0.0831 11 11 0.2988 0.5592 -0.2523 12 12 0.0498 0.5324 -0.5116

BOND DI STANCES AND ANGLES

1 21.20 1 57 1.45

2 57 53

2 11.20 2 16 1.45 2 46 1.41 2 57 1.22

1 16 123 1 46 113 1 57 73 16 46 121 16 57 51

46 57 172



<Parameter Shift vs. Tangent Formula dlide>



<Cost-Effectiveness>



<Electron Diffraction Data (Known)>



<Fragment Recycling>



