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$ pip install amplify

, FixstarsClient, solve

ator().array("Bin
a[1]

client = Fi

client.para s.timeout = 1000

result = solve(f, client)

solution = q.evaluate(result.best.values)

print(f"result: {q} solution}")
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[2, 10, 3, 8, 5 7, 9, 5 3, 2| :
amplify .VariableGenerator().array( 2" ET A Qenta)

r i in range (len (a)):
f+=(2* qfi] - D>
*k= D

= amplify .sum((2 * q- 1)* a)* 2

= amplify .solve( f,client )

g=[1 1,1, 0, 1, 1, 0, 0, 0, 0], f =00, w= 27
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FM 1/5

def make blackbox func(d: int) -> Callable[[np.ndarray], float]: |

TUADDES d O3 FUBDAY FILTEDD float THB & S SRIHEIEMNT B
A9 K

def set properties(size: int) > tuplelnp.ndarray, np.ndarray, np.ndarray]: -

BRI MR EREENT S © rummaterials = 100 # REZHDY A X GHREEREDR)

mu, sigma, ratio = 0.0, 1.0, 0.2 ,
tablel = rng.randon(size) x 165 % (0.1 % math. log(size) - 0.23) blackbox_func = make_blackbox_func(num materials)
blackbox_func(x)

table? = rng.lognormal (mu, sigma, size) ¥ ratio critical _temp

tahle3 = rng. lognormal (mu, sigma, size) ¥ ratio

return tablel, table?, table3

def supercon temperature(x, debye table, state table, interaction_table):
B RIS (BS Jd AU FUHEGAS FIL) (3L, BRRIBEEESTELIENMT AT
debye temperature = np.sum(x * debye table) / np.sumi(x)
state_density = np.sum(x * state_table) / np.sum(x)
interaction = np.sum(x * interaction_table) / np.sum(x)
crit_temp = debye_temperature ¥ math.exp(-1.0 / state_density / interaction)
return crit_temp

t RES — I DEE

debye temperature fable, state density table, interaction_table = set properties(d)

t 73w Ry AMBOES
def blackbox(x: np.ndarray) -> float:
TTEz ahiictlaiiest (&S d oV FUEOAS FL) (DL, BEERFEEECBEEIREINT AT
assert x.shape == (d,) # » IEZ=E d O—whA
t ¢ = supercon_temperaturel
%, debye temperature table, state density table, interaction table

)

return -t ¢

return blackbox




FM 215 FM

class TorchFM(nn.Module):

def

def

_init_(self, d: int, k: int):
TR EEET S

hregs:

(

d (int): ARG RILGTA R
k (

in
int): /8T A—4 k
super (). _init_ ()

self.d = d

self.v = nn.Parameter (torch.randn((d, k)
self.w = nn.Parameter (torch.randn((d, )]}
self.wl = nn.Parameter (torch.randn((]])

forward(self, %: torch.Tensar] -> torch.Tensor:

A v EERITR-T v OTEEE DTS

hrgs:
# (torch.Tensor): (7—%%# x d) @ 2 JEIT tensor

Returns:
torch.Tensor: v OETEME @ 13%7T tensor (HF-1 (7 —2%F)

out_linear = torch.matmul(x, self.w) + self.wl

out_1 = torch.matmul (x, self.vw) . pow(2).sum(1)

out 2 = torch.matmul (x.pow(2), self.v.pow(2]).sum(1)
out_quadratic = 0.5 % (out 1 - out 2)

out = out_linear + out _cuadratic
return out

* FMA N1~ PyTorch™ A

d
flz|lw,v) = wy + Z wix; +
i=1
out_linear

> Fixstars Group

1]k d 2 k4
2
2|22 (2w | =20 ) v
=1 i=1 =1 i=1
out_1 out_2
out_quadratic
51



FM 3/5 FM

def train(

x: np.ndarray, v: np.ndarray, model: TorchFM, epochs: int = 2000, lr: float = 1,

i ETILOSELE
optimizer = torch.optim. AdamW([model.v, model.w, model.w0], Lr=lr)
P ¥ELERTI1—7
scheduler = torch.optim. lr_scheduler. StepLR(optimizer, step_size=200, gamma=0.9)
it 155<EE
loss func = nn.MSELoss()
t F—vtvOEE
x_tensor, y tensor = (
torch. from_numpy (x). float (),
torch. from_numpy (y). float(),
)
dataset = TensorDataset(x_tensor, y tensor)
train_set, valid_set = random_split(dataset, [0.8, 0.21)
batch size = 8
train loader = Dataloader(train set, batch size=batch size, shuffle=True)
valid_loader = DatalLoader(valid set, batch_ size=hatch size, shuffle=True)

t FHDET
min_loss = 1e18 # ELEHOR/IMEZ(RTF
max_corrcoef = -1e18 # HEARMOERXEZ(REF
losses: List[float] = [0.0] * epochs
corrcoefs: list[float] = [0.0] * epochs
best_state = model. state_dict() # FREBVWETIONSA—YZEFREFTDROHDEE
for i in trange(epochs, leave=False):

PEFEIIM4X

for x train, y train in train loader:

optimizer.zero_grad()

plo

roup

FM 1 1 0 1 Nl "'
i A
* X,V YnW

« model: FMA N 1 p TorchFMP

—(3

« epochs: YM N Np “PY

«r:p OPT

« scheduler :f MYIM1nAn

[ B A a
# HEN T — DA DB CEDEETILETED
y_pred = model (x_tensor)
print(f corrcoef: {torch.corrcoef(torch.stack([y_tensor, v _pred]))[0
print(f7RMS error: {min_loss:.2f]}7)
52



FM 4/5

def init_training_data(d: int, n0: int):
"""n0 $HOFERRERT — S Z{ERLT B

assert n0 < 2sxd oM™ D7 Js

#n0 B0 RY d DANBEEELZAVTER ® dKAJNT

x = rng.choice(np.array([0, 11), size=(n0, d)) '

# ADEOBENFE L TVESS VS LICEEEEL TERT 5 0K AnM NdN4Y

X = np.unique(x, axis=0)

while x.shape[0] != n0: ® blackbox KM ANV NMN NMAY pa
x = np.vstack((x, np.random. randint(0, 2, size=(n0 - x.shape[01, d)))) oo
X = np.unique(x, axis=0) 1V 14Ny 14P Qe

# blackbox BE%EZHf L TAIMEICHRT S n0 EOHNZERS
y = np. zeros(n0)
for i in range(n0):

y[i] = blackbox func(x[il)

return x, y

NO = 10 # #0HBZMEAT— 5 DL
X_init, y_init = init_training_data(num materials, NO)

‘)HXETHRE Amphfy Copyright© Fixstars Group



FM 5/5

i EAEHY— ROBERE
rng = np. random. default_rng(seed)

I #EHT— O#EE
X, ¥ = x_init, y_ init

t WRFEETIOMER
model = TorchFM(d=num_materials, k=10)

t ETIVDFEDET
train(x, y, model, epochs=2000, Lr=1, plot_learning curve=True)

AN
V.Y FIXSTARS Amplify

Qs
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“NAdVYANANATT aA”
YT A YA D
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YV N ND (epochs)

{ ()
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FMQA 1/2

def anneal(torch model: TorchfM) —> np.ndarray:
TN EFIEZITERY ., FNSDONTA—FICIVEERINDIETIVORMEESZ D x ERHD

1 ~ FM D e~ AT AY
x = VariableGenerator().array("Binary”, torch_model.d) # & d @/VA T EHOEHIZ/ER

* A Y T s
v, w, w0 = torch_model.get_parameters() # TorchFM M5/INTX—% v, w, wl ZEUS
# BRRSEEER * i “AN4 D9 NAMInM~ 0

out linear = w0 + (x * w). sun()

out 1 = ((x[:, np.newaxis] * v).sum(axis=0) *= 2).sum() # type: ignore 3 . n oo
out_2 = ((x[:, np.newaxis] * v) % 2), sum() *NAdnM PaAd Ay Qw 8
objective: Poly = out_linear + (out 1 - out 2) / 2

. 2 ~
amplify model = Model(objective) # HEEEBILTETILEZHEBE V1 4n A

) IIN—D5% s BANNJdALT 083
client = FixstarsClient() | '
client. token = token

client.parameters. timeout = timedelta(milliseconds=2000) ® solve’ C( A
t S|IMbERT S - , . -
result = solve(amplify model, client) *> N NA A1, e

if len(result.solutions) == 0:
raise RuntimeError("No solution was found.”)

t EFINERIMET D ASNRY FILERA
return x.evaluate(result.best.values).astype(int)

AN
V.Y FIXSTARS Amplify Copyright© Fixstars Group



FMQA 2/2

N=10 # FMRA T 2 )LDEITEIE
X, ¥ = x_init, y_init # ZEHT—5O#EAL
N EBDATL—3a%EFE T, range’ DEHYIZ “todn® EV1—-IEAVWTGERZRT
for i in trange(N):
model = TorchFM(d=num_materials, k=10) # BHFEETILOIERK
train(x, vy, model, epochs=1000) # EFILDFBDERT
x_hat = anneal(model) # FBBEHORIMEZSZDANRY MILDEZRE
# x_hat EEBLEBEVESICTS
while (x_hat == x).all(axis=1).any():
flip_idx = rng.choice(np. arange(num materials))
x_hat[flip_idx] =1 - x_hat[flip_idx]
y_hat = blackbox_func(x_hat) # x_hatZEBW\WTIT 3w oMy o AEHZ=TM
t B EET—9 Y LIZEM
x = np.vstack((x, x_hat))
y = np.append(y, y hat)

tadm. write(f"FMQA cycle {i}: found y = {y_hat:.1f}; current best = {np.min(y):. 1f}")

AN
V.Y FIXSTARS Amplify Copyright© Fixstars Group
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FMQA

def make blackbox func(d: int) -> Callable[[np.ndarray], float]:
rng = np.random.default_rng(seed)
@ = rng.random((d, d})
0=(0+0.T)/2
0 =0 - np.mean(0)

def blackbox(x: np.ndarray) -» float:
assert x.shape == (d,) # x (FTF=H d O—rohim
return ¥ @ 0@ » # type: ignore

return blackbox

——

def make blackbox func(d: int) -> Callable[[np.ndarray], float]:
t B T ER IS LA DR ERSE S & e T T

def blackbox(x: np.ndarray) -> float:
tx OIEE T CEERE =T
foEE LAl -3 ESEE
- 2ol —2a VIEREREL. & MEL-L BYIREEE TS
objective = hogehoge
return objective # type: ignore

return blackbox

Copyright© Fixstars Group
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Amplify-BBOpt

num_materials = 100 # REZHOT 1 X (FHELEIRROE)

my_func = make_blackbox_func(num_materials) a
# Amplify-BBOpt DFET TS v IRY O AEHRUREEHETE L L
eblackbox ¢ A2 AA DA
def blackbox_func(x: list[bool]l = BinaryVariableList(length=num_materials)):
return my_func(np. array(x)) ~ p . :
. MAmplify SDK P

t JILN—=03514 P LDERE

client = amplify.FixstarsClient() o 2
client. parameters. timeout = timedelta(milliseconds=2000) L
client. token = token

# ERERT — 5 DM (1092 TL) * Optimizer a oA
data = DatasetGenerator(objective=blackbox_func). generate(num_samples=10)
A TT4RAF—DA 2RI IRIE ’ FMQAOptImlzer' FMQA
optimizer = KernelQAOptimizer(data=data, objective=blackbox func, client=client) ..
* KernelQAOptimizer : Kernel -QA

# [num _cycles] BIOSEBLY 1 2 ILOERE
boptimizer.optimize(num_cycles=100) - _

C 0" A(v0.2.3)

i EtEEDERT
plot_history(optimizer. fetch history())
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K
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