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1 Amber22 [ZDIVT

Amber22 [EHY) I V=T REZZEQD T IL—THRAKETIHFENEIIaL—230T055 4
DN r—ITY,

Amber22 AT AICIXAFETE DB TS A 2o RAZHUMABLETT, ZHORNBIIUTWRLEZZS
BTEL,

http://ambermd. org/LicenseAmber?22. pdf

\

Amber22 M/\y — & ambermd. org DY A EMSA Y O—KLTAFLET, Xy 5r—PDA
FAHERZFIIODVWTIEHEZNBFICHEREIY EA—IILETERNNEEZTEIDT. FLHLETSET I,

Amber MEFMTH %S Amber22 DA VX F—)LZ&F KR, AmberTools /Ny r—IOMNETY, £
ZT. 2023 &£ 4 BIZ)))—R &Ntz AmberTools23 £t EHETA R —ILZLTHYFET,
AmberTools23 (& ambermd. org Y4 DT RL TL—H—IE#Hx &35 L CEEFAT S
ZEMNTEFET,

http://ambermd. org/GetAmber. php#fambertools

AIZa3TFILIE Amber22 DA VA F—ILBE LD 3 TORITAHAEEFEZCEALET, Anber22 M
HIZDULTIE Amber22 AKX HY 4 + ( http://ambermd. org/index.php ) ZCETFT S,
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2 Amber22 f X b—ILBIE

Amber22 & AmberTools23 FLLTFT 4 LY RYIZA VR F—ILELTWLET,

CPU B (Intel Compiler EJL FiR)

Ny r—>o T4LYRY
Amber 22 /usr/local/amber22
AmberTools23 /usr/local/amber22/AmberTools

GPU hi

GCC EJL Fh (GPU >3t hR)

Ny Ir—o T4LY RV
Amber22 /usr/local /amber22-gpu
AmberTools23 /usr/local/amber22-gpu/AmberTools

Intel Compiler EJL Kk (CPU kR)

Nyhr—o T4LY MY
Amber22 /usr/local/amber22-cpu
AmberTools23 /usr/local/amber22-cpu/AmberTools

Amber22 @ GPU fRIZDWNTIX, L/ Ny r—2 LEERIC Intel Compiler ZFAWV=-EIL FZ&
HELEDN,. I5—DBRELEEBICELRRNET LGN 212D, N FUDERICEY FHAT
Lf=e SOIS—IZDWLTIE, EJL KD Compiler Option %5 CUDA @ Version [Z& » TILERR L
Bhot=t=. BALHLD/NTDRIEEENTEHIBTL TLET,

h&Y,GPURR/NALF ) IZDULNTIEGCC Z ALV = Amber22 Dty 7 v TEIT> TULVE T A, CPU
FR/NA F 12DV TIE, Intel Compiler ZFAULN=/ A F 1) LHE L T, GCC R/ NA F I/ T +—
TURANMEL BB EZHBELTEYET, DA, GPUKR/NY I —T(2DUVTIE, GCC TEJILF
L=\ FUDIEHAIZ. Intel Compiler TEJL FLT=CPURR/SA 1) ZRIEEMLTHY £9,
LEREDFEMICONTIE., 4. 18iZSRBFZELY,
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Amber22 & AmberTools23 [V —RO— FTEEHIMNTULVET Amber22 D4 VX b—JLDORREIFLLT
DRERBREZFEALTEILFZEToTWWET,

ZTD=6H. AXEIZTHEERL TULVS Amber22 OEIMEX. LTORRRBEORENEMICE>TLNS
WEIHYFET,

Intel Compiler EJL KR
nNor—o T4LI Y

Intel oneAPI Base & HPC Toolkit
Version 2023.2.0 + Compi ler patch 1

/opt/intel/oneapi/compiler/2021.2.0

Intel MPI Version 2021.10.0 /opt/intel/oneapi/mpi/2021.10.0
GCC EJL Kk
nNyr—o Ta4LI Y
GCGC version 8.5.0 (0S E14# GCC)
Intel MPI Version 2021.10.0 Jopt/intel/oneapi/mpi/2021.10.0
CUDA 12.2 /usr/local/cuda-12. 2

RAFEEDER LIV —RFRBDTRAFEL Y T7IL. WL AFITETL, AKX TR FOEEIZEEN
BONEZHRALFELL 2XTX FOBRICOVTOFMIE. ZNTADNNYT—DITHRFLTS
YETHEREESET S,

Amber22 MIREELTE L Environment Module &EMEIEN AIRBHRELI—T 4 ) T« (module A< F)
ZRAWNWTITWLWEY, Amber22 HEDED 2 —ILEZ T 74 )L (Environment Module AERE 7 7 1 L)
(X, Amber22 LEIBFICA VR F—ILENTHEYFT, BIEERORICERALEZTRA M. 8&UZED
EITHRIZ DU TIE, /opt/hpcs/app_doc LLTFIZPDF [CELDTHYFITDTELELESEZS
LY,

Environment Module Z L /= Amber22 MEREAEIZDWTIE, 4 1812 SN,
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3 Amber22 a<v> K

Amber22 @< > FIZDWLVTIL Amber22 X444 FOLUTURLIZTRZa7I0HY FTD T, FL
KIEZEBEBLZEIETEL,

http://ambermd. org/doc12/Amber23. pdf

UTEREICERT ST RE, ZOHBAIZDONT Amber22 AKX A FEYURELELDTY,

- sander

(part of AmberTools) is the basic energy minimizer and molecular dynamics program. This
program relaxes the structure by iteratively moving the atoms down the energy gradient
until a sufficiently low average gradient is obtained. The molecular dynamics portion
generates configurations of the system by integrating Newtonian equations of motion.
MDwill sample more configurational space thanminimization, andwill al low the structure
to cross over small potential energy barriers. Configurations may be saved at regular
intervals during the simulation for later analysis, and basic free energy calculations
using thermodynamic integration may be performed. More elaborate conformational
searching and modeling MD studies can also be carried out using the sander module. This
allows a variety of constraints to be added to the basic force field, and has been designed
especial ly for the types of calculations involved in NMR, Xray or cryo-EM structure
refinement.

* pmemd
(part of Amber) is a version of sander that is optimized for speed and for parallel
scal ing; the pmemd. cuda variant runs on GPUs. The name stands for “Particle Mesh Ewald
Molecular Dynamics,” but this code can now also carry out generalized Born simulations.
The input and output have only a few changes from sander

* hab
Stands for Nucleic Acid Builder. NAB is really a compiler that provides a convenient
molecular programming language loosely based on C.

- xleap
A script that calls xalLeap with specific setup command-1ine arguments.
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- antechamber
antechamber is the main program to develop force fields for small organic molecules (e. g.,
drugs, modified amino acids) using a version of the general Amber force field (GAFF).
These can be used directly in LEaP, or can serve as a starting point for further parameter
deve |l opment.

- cpptraj
cpptraj is the main trajectory analysis utility (written in C++) for carrying out
superpositions, extractions of coordinates, calculation of bond/angle/dihedral values,
atomic positional fluctuations, correlation functions, analysis of hydrogen bonds, etc.

- MMPBSA. py
MMPBSA. py is a Python script that automates energy analysis of snapshots fromamolecular
dynamics simulation using ideas generated from continuum solvent models. (There is also
an older perl| script, called mm_pbsa.pl, that has similar functionality.)

Copyright © HPC SYSTEMS Inc. All Rights Reserved. 6
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4 Amber22 E74I

4.1 Amber22 EFEIENOSHRTE

Bt M7 0D RHEL/AImaLinux 8 % 0S [CHE LTI, Amber22 DEITIRBDHRTEE. Anber22 #ETL
fzWW32 A4 245 T, Environment Module EMEIENARBEFEI—T A VT4 ZHAVWTERELS S
LY, Environment Module TIE7 TV —> 3 &0V I b0z 7HROREEREE €V 21—
ETES, module load -module unload &WLVS AT FIZKYEDa—ILOEMEL - ESLEEHE
TEFET, EVa—IBEMEIATWVEEE, TOT TV r— a3 &L, PATH E0REBERE
MNFATEITAIRELIREIZHE > TULET,

Environment Module T Amber22 #{#ERHAlfEL T AED A —ILERZ T 7 M IILITRDBFARIZERE L T
HYFET,

CPU kR (Intel Compiler EJL KhR)
/home/. common/modulefiles/oneAP1/oneAPl /N— <0 3 > /Amber22/AmberToolsp5—cpu

GPU kix (GCC EJL FhR)

/home/. common/modulefiles/oneAP1/oneAPl /N— <0 3 > /Amber22/AmberTool sp5—gpu
GPU kR [E4B @ CPU i (Intel Compiler EJL KiR)

/home/. common/modulefiles/oneAP1/oneAPl /N— <0 3 > /Amber22/AmberToolsp5—cpu

LI T Tl Environment Module ZFL - Amber EFTRIEBESRTED A EZEZ R LET,

N FRATZEEZESA—ILO—ERT : module avail

module avail AX YV KRIZK Y, FAARELZE D2 —ILO—EZXZRTLET, RIE
Amber22-AmberTools23p5 CPU lRDIZES DHITY .

$ module, ,avail
—————————— /home/ .common/modulefiles/oneAPI/2023.2.0 -----------
Amber22/Tools23p5-cpu

(- EE)

AXFTRLIEESIC, AAIRLGED2—IL (VI b T7R/IN—23 ) BRREFSINET,
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2 EDa—IILOBEE - L : module load = module unload

EDa—ILEAEMITSHITY FIE module load TY . TDRAIZED A —ILAE{TITTETT
LE9 . HIZIE Amber22-AmberTools23p5 CPU RDEL 1 —IILEZEIILT S15E. EAFAMAGZa~T Y
RldxreERTYFET,

$ module,  load, ,Amber22/Tools23p5-cpu

2, AELEED A —ILEEMIELT S5 Kl module unload T9, BEHRIZC. BAICE
Ca— LB EMHITTETLET,

$ module, ,unload, ,Amber22/Tools23p5-cpu

module unload [F. B LT a—ILICK A REBERENNDEXICEZEZRIZIERGZEIC
FEHRCESN, AMELEED 2 —IILICKARERENFICEZEZRIZILTLEWMEEIZEK. b
SHIENETHIREIIHY FEA,

EBIZED2A—ILEFZHAADIEESISMNZDONTIE, XD module list AT KTHERTZET,

Q) BEMZHE-o TWSHEL12—I)LDOERR : module list

module list [Z2& Y. Environment Module THEIMESN TWWBRED 2 —ILD—EZRT<LET,

$ module, K list

5l Z (X Amber22/Tools23p5-cpu DED 2 —ILDBERIZHE > TWBIHEE., XD K S5I1Z Currently
Loaded Modulefiles: T& Y FIZRRESNET,

# module , list
Currently Loaded Modulefiles:

1) tbb/2021.10.0 4) mkl/2023.2.0
2) compiler-rt/2023.2.1 5) mpi/2021.10.0
3) compiler/2023.2.1 6) Amber22/Tools23p5-cpu
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Q) A—H—>)adq UBIZESAa—IILEEBMICERET 5 AE

A—H—054 VEIZ, BEBMNICED 2 —IILOAMEEFITW WS, A —F—0D L T LIRS
T77A4I)LIZmodule load AT FZEEELTLEELY,

oo
ax ;&

Amber22-AmberTools23p5 CPU kRDIHZE D EAKRMIEER FRIZRLET .

o Bash ZHFEL\DIGE
R—LT4 LY FJD .bashrc OFRBITICUTDEIEFZITVET,

& Tcsh ZHFELDFHE
R—LTA LI FJ®D .cshrc OFRBITICUTDEEFZTVVET,

# ——m————————— e =X =0 I
# module, load, ,Amber22/Tools23p5-cpu

ES2—LOEMEIBOT TUr—2a VIcEREERET LSBT —REFEVLETO
T, A5/ VEOY T LEBEICE T AEBAEMLICOVTIE, ANEOREC+5EE L LTH
5&5BELLELET.
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4.2 ') 7I)(1CPU a7)DETH

LIf&. Amber22 M#4Red 5 & . sander. pmemd M/NAF1) (AT K) IZDUWT., EITAHEZHBA
LET,

Amber22 M= = a7 ILIZEEEH SN TULVS sander ETEDOA T a3 VIEUTOREY T, Ch oD
AT avidk pmemd THEEMELZY FT,

sander [-help] [-0] [-A] -i mdin -0 mdout —p prmtop —-c¢ inpcrd -r restrt
-ref refc —mtmd mtmd -x mderd -y inptraj -v mdvel -frc mdfrc —e mden

—-inf mdinfo -radii radii —cpin cpin —cpout cpout —cprestrt cprestrt
—-cein cein —ceout ceout —cerestrt cerestrt —evbin evbin —suffix suffix

BAMGRTHIIUTOLSICTYERT,

sander MZE1TI

$ sander_,-0_,-i._,mdin_,-o_mdout_,—p_,prmtop._,—c._, inpcrd_,-r _ restrt

pmemd D E 1Tl

$ pmemd._,-0_-i._,mdin_,—o_mdout_,—p. prmtop._.—¢., inpcrd._,-r _.restrt

LROETHTOF T avOEREIUTELZY FT,

-0 BATF7AMILEETLES

-~i sander A T 3 VEFLBLIZAANT7AILBZEIEE, EFTHTIE “mdin”
-0 HATF7AINEZEIEE, EITHITE. “mdout”

sp INTA—=A—+RAD—DA Ty R T 7AIVBERTE. ETHITIE “prmtop”
- CHRBEDA Ty b T FA IR EIRE, ETHITIE “inpcrd”

--r B, EEFORKRHERROE N7 7AILEZIEE, ETHITIE “restrt”

sander, pmemd USNAD T FOFERAEN. KXEICEWTHEREIT > TULVELY sander, pmemd
DEFTA T a VT 2EMIERIE. Amber22 DAKXT =2 T ILESELLEXLY,

Copyright © HPC SYSTEMS Inc. All Rights Reserved. 10
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4 .3 MPI 35 D EFTHI

EITIT7AIIZ WPl DILERFNHDHBLDIE MNP TOIFIEITARIGETT . —np LBRICIHFIZZE
ELETLUTIL16CPU 37 TOHITT M HEFITOEITEHROA TS a3 UE U FILERKTT,

LT OEITHIROEBEZT % AMBERHOME (X. Amber22 FAE < 2 —)L Amber22/AmberTools23p5 & H%N
{& (module load) ¥ A &,ICLk-TEREEINET,

sander. NP1 D=E4THI

$ mpirun_,-np_,16_,sander.MPI_,-0_,—i_.mdin_,-o_,mdout _,-p._,prmtop._,—c_ inpcrd -r _ restrt

pmemd. MP1 @ ZE4T45

$ mpirun_,-np_,16_,pmemd. MPI _,-0_,—i_.mdin_,-o_,mdout_,—p._,prmtop._,—c._, inpcrd_,-r _ restrt

Copyright © HPC SYSTEMS Inc. All Rights Reserved. 11
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4 .4 GPU /N1 F') DEFTH ( GPU kfi/ N1 7 V) RAREDH )

Amber22 (&, GPU ZHHEI 7 E L THERT A ENTE I MEBENEELET. CDGPU THEZ
T34 FVIECPURR/ANA F 1) EIFELGDBFID. BlNAF U ERYFET, Ff=. GPUNRAF V) I(E
HETELEYE HELTWSEE) ABFEELTWET, TD1E=8H, CPULR/INAF 1) TEITTES
FTRTDA Ty EDHETESIDITTEDY FEAFHICOVWTIEAKXT =2 7ILESECE
LY,

Amber22 @ GPU Rr/NA F &, BIERBENERL D 2 FBEONAFTIUNEFEELET ., UTODERX
Amber22 ARXT Z a7 I LD ELTY ET,

- SPFP — (Default) Use a combination of single precision for calculation and fixed precision
for accumulation. This approach is believed to provide the optimum tradeoff between accuracy
and performance and hence at the time of release is the default model invoked when using
the executable pmemd. cuda.

- DPFP - Use double precision (and double precision equivalent fixed precision) for the
entire calculation. This provides for careful regression testing against the CPU code. It
makes no additional approximations above and beyond the CPU implementation and would be the
mode| of choice if performance was not a consideration. On v2.0 NVIDIA hardware (e. g. M2090)
the performance is approximately half that of the SPFP model while on v3.0 NVIDIA hardware
(e.g. K10) the performance is substantially less than the SPFP model

GPU fR/ N1 ) DEHKRM T 7 1 ILAIE, LLTDEY TY,

pmemd. cuda. pmemd. cuda SPFP : Serial ki SPFP $¥5E pmemd /N4 F 1),
(CD2D2DNAF)IFE<EA—¢RTYET)
pmemd. cuda_DPFP : Serial hix DPFP ¥& & pmemd /N1 F 1)

pmemd. cuda. MP1. pmemd. cuda SPFP. MPI : Paral lel kix SPFP ¥&E pmemd /N1 F+ 1),
pmemd. cuda_DPFP. MPI : Parallel kix DPFP ¥& & pmemd /N1 F+ 1),

FEEDNAF YL, 4.2 Bi. 4.3 EiTEZRLT- CPU BR/NAM FUETHDOEFNFNDNAFT ) &
( Serial B : pmemd. Parallel kx:pmemd. MP1 ) %. % T BN\ FYRIZEET B ETEITT
=F9,

Copyright © HPC SYSTEMS Inc. All Rights Reserved. 12
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5 BEEN D RSB
5.1 278D CPU /N1 ) OFEEEIZDILNT

S
~

LITIZ GCC EJL FhER/NA F ') & Intel Compiler EJL KE/NA FUIZH T, Amber22 AFKXR—
RATABEIh TS 41> Ty k. Cellulose NVE & Nucleosome [ZDULNT CPU TETLIBEEDOA
VFI—IORRETRLET,

RNUFI—VRE

CPU : Xeon Platinum 8480+ ( 2.0GHz / 56core, SappireRapids tH{t ) x 2
Memory : 512GB : 32GB 4800MT/s DDR5 x 16

0S : Almalinux 8.7

Amber : Amber22 patch 5 AmberTools23 patch 5

Input : Amber20 Benchmark_Suite? @ Cellulose_NVE. nucleosome

Amber2? Tools23 Cellulose NVE
Xeon 8480+ | 2.0 GHz/56core jx2 lnode

=00 I T = |ntel Compiler

1 Cellulose NVE RV FT—#ER

I https://ambermd. org/GPUPerformance. php
2 B E TH Y O0— KTE % Benchmark_Suite D &#FIL Amber20 TY,

Copyright © HPC SYSTEMS Inc. All Rights Reserved. 13
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% 1Cellulose NVERFI—H# R (ns/day)
5% 32 |64 112
GCC EJL Fh/NAF 1) 6.56 |9.89 11.17
Intel Compiler EJL Fhr/SAF+1Y [6.91 [10.47 |12.38

Amber22 Tools23 nuclegsome
Xeon 8480+ | 2.0 GHz/56core j x2 lnode

=GO I { = Intel Compiler

2 nucleosome R FT—Y#ER

# 2 nucleosome R FT—V#ER (ns/day)

i 512 32 64 112
GCC EJL Fh/NA F 1 1.09 [1.86 |2 31

Intel Compiler EJL KkR/SA F1) 1.90 [3.05 |4.00

LEEOHERDELY. EBH55E Intel Compiler EJL FR/SA F 1) DEREN S < . 4512 nucleosome
[ZHEWVTIE, 1.7TRBIEVELADVTVET, 2 204V Ty FTRIB/INITA—T 2V RADENZZF
TOLONMNEIFTHTIN. ZERAD 1 DL LTHEFZDEVWIEZE L TWLWADTITA LM EHERIL
TWEY

LFEROAFT—OFERLY ., HAEIGPU/NAFJIZDULVTEH Intel Compiler ZALNV-EIL K%
HAFLEN, T5—ICKVYEREICELRNETET. N FUDERICEYEEHEATLIZ, 2D
I5—[ZDWTIXEIL KBE® Compiler Option 4> CUDA @ Version ZEIZ K > TIZEER LMo T
=, FMIEHhDNTDRIEEEMNIEFICELEHIETL TULET,

GPU kl/S4 F 1) DEREIZ&L Y., GCC EJL FhR Amber22 #+tw F 7w FUM=LZE L1=H. CPU ZAHL

Copyright © HPC SYSTEMS Inc. All Rights Reserved. 14
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~HEEZTS5BENDEEFEZEL. Intel Compiler ZEHWNTEIL KLT= CPU /N1 F 1) L EHEL V=
LEL., CPUZREWEHEZITIHEEIZIE, BEIZK LT Intel Compiler lRZEFERC EZ &L,

HE. Amber22 MEHRIZE Y. GCC EJL KRR/NA F 1) & Intel Compiler EJL Ki/NA 1) DERE I
HETEFEFFA, 4. 1 HICHREORAY . REREZUVYBZTHERACIESIL,

Copyright © HPC SYSTEMS Inc. All Rights Reserved. 15
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&% A

A1 HPC 2 XTFLX BREWEHEL

@ Bt R—LR—  http://www.hpc.co.jp/support_index.html

HR— FREACEBENELEOSEVAR T EHRLAGEREZBELTEVEYS.
BERITFEARCESL,

HPC AT LXKk K&
T108-0022 HEE#HBXEF 3-9-15 LOOP-X 8 R

HPC =X

'y [E%] 03-5446-5531 [H7R— k] 03-5446-5532

BBHEICK DAY R—rZHEHNA. BuEFRBZHR<AEENSEEBAD 9:30~17:30
ESETEEET,

IR [FAX] 03-5446-5550

=Y [EFA—JL]) hpcs support@hpc.co.jp
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