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AmplifyDEARBIRERSZE (1)

| pip install

from amplify

- g amplify

import  *

client = FixstarsClient ()

client . parameters .timeout = 1000

client . token

A
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SV =109,9.9.0.90.9.9.9.9.0,9.0.9.9.9.9.9.0.0.¢
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g = VariableGenerator () (2" ET AOUe (2) OE) Cce
(2)1 OALAOe (22 AAI1 2

g = g.array ("Binary" , 2)

f =2*q[0] * q[1] +q[0] - q[1] +1 ]

print () Amplify SDK
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model = Model(f)

result = solve (model, client )

print (f"objective = result . best . objective . .
best

* objective
“values °

print (f"g= {q.evaluate (result .best.values)}")
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from amplify import =

=

VariableGenerator()
g.array("Binary", 2)

1 - qle] * q[1]

one_hot(q)

model = Model(f, g) o

client = FixstarsClient() 3.
client.token = "XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX"
client.parameters.timeout = 1000 d

result = solve(model, client) .

(f'objective = {result.best.objective}") 4.,
(f"q = {q.evaluate(result.best.values)}")

objective = 1.0
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= [2, 10, 3, 8, 5, 7, 9, 5, 3, 2]

VariableGenerator()
g.array("Binary", (a))

- 9
r i in (len(a)):

f += (2 x gq[i] - 1) * al[il
= Fx%x2

https://colab.research.google.com/drive/1bl6BGP
wnpd3NOAveoDMGb8egprEdOMqU

NumPy

f = ((2 % q - 1) * a).sum() ** 2

= [1l :I'l 1l Ol 1] 1] GI GI Gl’ G]J -F
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1 3
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° QUBO
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*2 2017
*3 Multi -objective Bayesian optimization over high -dimensional search spaces
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MixingSimulator

QO t 5ANRNSA—IETYI 1L —9—%#H1E
simulator = MixingSimulator(x0, x1, x2, %3, x4)

# Bzl 500 ETOR|BEYI AL —Y3VEERRL. BREORERZE cstd Z0S

c std = simulator.simulate(duration=500)

t BRERT
print(f"{c_std=:.3f}") # BFROEEDIRERE

simulator.plot_evolution(num_snaps=5) # HIFEREDEESHDERIIZELE TO

© def blackbox(x0: int, x1: int, x2: int, x3: int, x4: int) > float:
s = MixingSimulator(x0, x1, x2, x3, x4)
c std = s.simulate(duration=500)
s.plot_evolution()
print(f”{c_std=:.3f}")
return c_std

[AA]

Eﬁg-l.l \:5)(_9 (i.x(l ’ xl ’ ,‘('2, "(.3 ] x.q.)

[inz]
BEZ oz BREHN\SA—RZE TR LS —
ERR ORI L—2 3y

0, rms: 2.2e-01 35, rms:1.8e-01 90, rms:1.4e-01  t180, rms9.7e-02  t:500, rms.5.6e-02
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[AA]

ERETINT A=A (xg, %1, Xy, X3,X,) @ FTUWART # @ = AR~
TIw Iy PEFBT—HIC

[snEE] R £ ST B0

BRSNS A—RICE DR RICL S —
ERROERIZaL—13Y

® EF)LBERICE @ FEFT—YCH
(7] DEHFEA DT DETEFTILEE

—EEH. RREONEOEZHMEE e (REE) () B
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FM 22095416 (TS5vORYOXEEDES)

O it BEHRFNSX—9DLR - TIRiE
bounds: dict[str, tuplelint, int]] = {
"x07: (2, 10), #2<=x0<=10
"x17: (5, 20), #5<=x1<=20
"x27: (0, 45), #0<=x2<=45
"x37: (1, 5), #1<=x3<=5
x470 (1, 4), #1<=x4<=4

© def blackbox(x0: int, x1: int, x2: int, x3: int, x4: int) -> float:
s = MixingSimulator(x0, x1, x2, x3, x4)
c_std = s.simulate(duration=500)
s.plot _evolution()
print(f"{c_std=:.3f}")
return c_std

A



FM 2’005 A 26 (BEIT>I—45—0DHEhISR)

©

FM (QUBO)

class IntegerVariable:
IS IRy I AmBb DO DEEGREERHR ISR, 7

def

):

def

_init_(
self, bounds: tuplelint, int]

self. _bounds = bounds

encode(self, x: int) —> np.ndarray:
TTTREEHEETI 2 O—FL. N1 T SR
if x < self. bounds[0] or x > self. bounds[1]:

raise ValueError(f”x must be in {self. bounds}”)
ret = np. zeros(self. bounds[1] - self. bounds[0])
ret[0 = x - self. bounds[0]] =1
return ret

def decode(self, x: np.ndarray) -> int:

TTINA F U EEBEECAEZEREICT I— R SEET”
if x.shape != self._qa.shape:

raise ValueError(f”x must be of shape {self._g.shape}”)
return x.sum() + self._bounds[0]

class Variables:
PTEBHMATRERDIA N EEBRTSITR,

def init (self, variable_list: list[IntegerVariablel):
self. variable list = variable list

def encode(self, x: list[int]) —> np.ndarray:
TTREEHIEET Y I—RK U, NAFUET DB
ret: listlint] = []
for i, var in enumerate(self. variable list):
ret += var.encode(x[i]).tolist() # type: ignore
return np.array(ret)

def decode(self, x: np.ndarray) -> np.ndarray:
TTTINA FIHBEEECRAEEREICT O— R T SFEE
ret: listlint] = []
ista=10
for _, var in enumerate(self. variable_list):
iend = ista + len(var.binary_variables)
ret. append(var. decode (x[ista:iend]))
ista = iend
return np.array(ret, dtype=int)

var_list = [IntegerVariable(bounds=b) for b in bounds.values()]
variables = Variables(var_List)



FM 2’095 A 36 (FMETFIVDESR)

class TorchFM(nn. Module):
e def init (self, d: int, ki int): FM PyTorch
PTETIVEEET D
Args: d A 2 k4
E (int)f ARG B IO A X flz|lw,v) = wy + ngmg + 3 Z (Z ‘Ug'fSC.,;) — Z vaf:cf
(int): NSA—=% k i=1 f=1 \i=1 f=1i=1
oy out_linear out_1 out_2
super(). init () out_quadratic
self.d = d
self.v = nn.Parameter(torch. randn((d, k)))
self.w = nn.Parameter(torch. randn((d,)))

self.w0 = nn.Parameter(torch. randn(()))

def forward(self, x: torch.Tensor) —> torch. Tensor:
TPAA X ERITELT y DHEEBELEATE
out_Llinear = torch.matmul(x, self.w) + self.w0
out 1 = torch.matmul(x, self.v).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 quadratic
return out

AN
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FM 2’095 A 4/6 (FMODEDR)

© def tfain(
o, FM 30, B OMANS B FRCED S, 0T
) e TR F-9EF B BIET DB, 32 \wFFE,
t A TL—3a 8 © XV

epochs = 2000
# EFILOSBECREE

optimizer = torch.optim. AdamW([model.v, model.w, model.w0], Lr=0.1) * model: FM TorchFM
1 18R
loss_func = nn.MSELoss() * epochs:

# T-sEY ORE « I
x_tensor, y tensor = (torch. from numpy(x). float(), torch.from numpy(y).float()) :

dataset = TensorDataset(x_tensor, y_tensor)

e N il | [ kv £+ Ny = NS (R
train_set, valid set = random_split(dataset, [0.8, 0.2]) %Elﬁaj':ET“/(L_sd-b\ /A@J:Djan:l:'fﬂﬂ%:’?éﬁm
if len(valid set) == 0:

valid_set = train_set t HE T —YDANEBICEDITETIVETME

train_loader = Dataloader(train set, batch size=8, shuffle=True)
valid loader = Dataloader(valid set, batch size=8, shuffle=True)

# “range’ OO YVIZ “tadm® EV1—ILERAVWTEHEFRR
for i in trange(epochs, leave=False):
i FHBE
for x_train, y train in train_loader:
optimizer.zero_grad()
pred_y = model (x_train)
loss = loss_func(pred_y, y train)
loss. backward() 56
optimizer.step()

print(f"corrcoef: {compute corrcoef(model(x_ tensor), y tensor):.3f}")
print(f"RMS error: {min_loss:.3f}”)



FM 2’0295 A 5/6 (BB —S1ERR)

© def

def

generate_random_input() —> np.ndarray:

x: listlint] = []

for v_min, v_max in bounds.values():
x.append(rng. integers(v_min, v max + 1))

return np.array(x)

init_training_data(num_samples: int):
#n0 B RS d OANBEEEEZE RV TIER
data: list[np.ndarray] = []
for i in range(num samples):
data. append(generate random_input())
X = np.array(data)

t ADMEOEENRELTWES S VY LICEEEEL TRET S
X = np.unique(x, axis=0)

while x.shape[0] != num_samples:
x = np.vstack((x, generate_random_input()))
X = np.unique(x, axis=0)

# blackbox BAEZEFEL TAAEITHET S nl) BOLENERFSD
y = np. zeros(num_samples)
for i in range(num samples):
y[i] = blackbox(Ckx[i])
return x, y up

® num_samples

® blackbox

57
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©  WHIBET — 9 DR
n_0 =30
X, ¥ = init_training_data(num_samples=n_0)
x_encoded = np.array([variables.encode(x[i]) for i in range(x.shape[0]1)])

t MHEETETIILOIER
model = TorchFM(len(x encoded[0]), k=10)

t EFIFEDET
train(x_encoded, y, model, plot_learning curve=True)

FM (k)
e (epochs)
y (Ir)
RMS
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V.S FIX3TdRY Amplify

UM BETIWDNS A —FEZITERY . ENODNITA-FICLUERETID F

# TorchfM DS /8SA—% v, w, w0 ZEE
v, W, w0 = torch_model.get parameters()

# Amplify @I F U REEHERES
X = variables.binary variables

# M EFILEEMA QUB0 EF )L (BRIEEE) Z1FRL

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

out 1 = ((x[:, np.newaxis] * v).sum(axis=0) #* 2).sum() # type: ignore
out_2 = ((x[:, np.newaxis] * v) *x 2),sum()

objective: Poly = out linear + (out 1 - out 2) / 2

# Amplify EFILEER
amplify model = Model(objective, constraints)

# sIMEZESRIT BRUEETIVE. BHIS{E> IV ILIN—0 517 2 b &5
result = solve(amplify model, client)
if len(result.solutions) == 0:

raise RuntimeError("No solution was found.”)

# ETINERIMET DAARY R (RBEREH/NS A — P& %A
return x.evaluate(result. best.values).astype(int)

Copyright© Fixstars Group

solve

FMQA OS5 A 12 (P=—VU>E5)

def anneal(torch_model: TorchFM) —> np.ndarray:

FM

“ANA1 D,

NN

61
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t HREET—9 (x) ENAFUECIYI—F 1Y

x encoded = np.array([variables.encode(x[i]) for i in range(x.shape[0])])

L EECH> TN TOIS L EETUTHELLD !
INEBOATFL—3avEET

# “range” OADOYIC todn EV21—ILERWCERNERT
for i in trange(n):
t HHEETTIVOLER 1
model = TorchFM(len(x encoded[0]), k=10) 1071

t EFIVFEBEDORT
train(x encoded, vy, model)

f(x)

t FEEHFETIVORIMEESZBANRY LILODE (N FUEICT Y O— RiER) IS
x hat = anneal (model)

# x hat BFEBT—FAY VFILERB—DBEIES 5 LICHEER

while (x hat == x encoded).all(axis=1).any(): 10-2
x hat random = generate random input() — '
x hat = variables. encode(x hat random. tolist()) # type: ignore 10 0 10 20
print("deduplication”) number of iterations

N )RR E A EECRETEIC T O —
x hat decoded = variables. decode(x hat)

t WESNIAARY FILERWT TS IRy 9 A =T
y hat = blackbox(*x hat decoded)

t AL ZEET—9 1Y MEN
x encoded = np. vstack((x encoded, x hat)) 62
y = np.append(y, vy hat)


https://colab.research.google.com/drive/1E_Re1W2hhGtRmMWDhi1_VjTg-0o2T9Mk

FMQA 2’095 ADEFHETDERAE

© def blackbox(x0: int, x1: int, x2: int, x3: int, x4: int) —> float:
s = MixingSimulator(x0, x1, x2, x3, x4)
c_std = s.simulate(duration=500)
s.plot_evolution()
print(f”{c_std=:.3f}")
return c_std

=

© def blackbox(x: np.ndarray) -> float:
# xDFEEE %ISR ERIE
objective = input(f"{x=} TERZEMEL. BREANLTEZTLY)

t FlEk. vIalb—rarEEE
objective = run_simulation(x) # type: ignore

t =/MEUL7=VWVERBEHEEZ S - &)
return objective

Y. FIKITdRY Amplify Copyright® Fixstars Group

FMQA
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blackbox ()
blackbox ()
blackbox ()
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