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« ft06 (#jobs = 6) from JSPLIB (https://github.com/tamy0612/ISPLIB)

[TE3RSA) 1ZE#0d DEH [$2Z=SA) 2Z#EIRFEF
. D One-hot ISPHIFIIER ER One-hot ISPHIFIERER
{EESR BT ER 2/ i BT ESRR 2/ T4
22 g3y 1.0 3 3.7 1.0 1 1.0
(opt)
58 942 1.0 2 3.1 1.0 1 1.0
60 1014 1.0 1 2.5 1.0 0 0.1
70 1374 1.0 1 2.0 1.0 0 0.0
80 1734 1.0 2 2.2 1.0 0 0.0
I = 1= AN
o 2ZNERFEFISAZFHU\IZIHZS

JSPHll#Y
1. ETIEFHIHY
2. Y3 RIGERZ LRI

S=al—>3> %%
« TEESA : #loops = 5.0x107
« $EZSA : #loops = 1.0x107
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> S G G Out
2 |4 > 9 g 3 > Field-data > > Priority > 1>
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out 255 > / 7 ~N
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N-1(36 > > N 0 0
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Hardware Configuration Start Annealing

) 1 I In [21]: from pynq import Overlay In [24]: import time

from pynq import MMIO ctrl.write(4, 0)
ctri.write(0, 1)

base = Overlay("/home/xiLinx/pynq/overlays/201210_QUBO_SoLvi
t0 = time.time()

bram0_addr = base.ip_dict[ axi_bram_ctrl_0"]['phys_addr'] .
braml_addr = base.i:_dict['axi_bram_ctrL_l']['ghzs_addr'] ;E[t.wr{tfﬂ, 3X;FFEEFSF)
print(hex(bram0_addr)) ile ctrl.read(0) !=
print(hex(braml_addr)) =5
bram0 = MMIO(base_addr = bramo_addr, length = 256 * 1024) t1 = time. time()
braml = MMIO(base_addr = braml_addr, length = 16 * 1024) elapsed_time_prop = t1 - t0
IR ctrl_addr = base.ip_dict['axi_gpio_0']['phys_addr'] print('Elapsed time (Prop) [sec]:', elapsed_time_prop)

\ print(hex(ctrl_addr)) print('Elapsed time (Conv) [sec]:', elapsed_time_conv)
ctrl = MMIO(base_addr = ctrl_addr, length = 0x1000) print('Rate: ", elapsed_time_prop / elapsed_time_conv)
0xa0000000 Elapsed time (Prop) [sec]: 0.06171679496765137
0xa0040000 Elapsed time (Conv) [sec]: 0.02740335464477539
0xa0050000 Rate: 2.2521620351841865

Transfer Data Confirm Result

H JIN
« 16bit, 512Z#X. &fh
In[22]: # J&h
H In [25]: d_ tt = ((MAX_N,), dt t32)
« 32bit, 256F#. £iE Rt s A, e

idx =y * MAX_N + x val = braml.read(4*(i+48))

if x I=y: val_str_Llist = List(format(val, '032b"))
bram0.write(4*idx, int(J[y][x])) for j in range(32):

else: if val_str_List[31-j] == '0":
bramo.write(4*idx, int(h[y])) read_state[i*32+j] = 0

else:
read_state[i*32+j] = 1
read_energy = np.dot(np.dot(read_state, J), read_state) /
print('-- read energy --')
print(read_energy)

Jupyter notebook S —

## spin states
for i in range(pack_num):
braml.write(4*(i+8), int(state_compressed[i]))

axi_bram_ctrl_0

Ultara96-Vv2 BRAM controller -

bik_mem_gen_0

J[[+ sRAM_PoRTA

(FPGA + ARM Core) || ™ ooiite TEIT
H AN
(Ising model) EX )
>
s AN EE \\J —) |/
LUT 79%
== LUTRAM 7%
FF 20% [ "] bynamic: 2.458 W (88%)
BRAM 61%
DSP - 3% 11% [T Clocks: 0.077W  (3%)
2zynq_ultra_ps_e_0 e PN BUFGH 1% T o :
romo 1 aclk M_AXLHPMO_FPD + F!ﬁyll:'l\ﬂﬂ'n 1 ' | | | | | Signals: 0.282W (11%)
iy PS == AXI bus || & 0 25 50 75 [ Logic: 0.243W  (10%)
_UtraSCALE* — T :|_ ! Utilzation (%) | oo, M BRAM:  0.099W  (4%)
oo 0 2000 oA — =5 [ psp: 0.004 W (<1%)
e o —bement bl mem_gen } \— I\' ] T J DE-] E M rs: 1.753W (71%)
N, BRAM controller {1 o ) _
emter | peentmanen e G BRAM1 Ve Il Iog - H D L Z "5 [ static: 0.323W  (12%)
Processor System Reset
. (Parameter/ [ PLStatic:  0.220 W  (68%)
BIOCk deS|g n Result) 12% M PS Static: 0103 W (32%)

|
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%= 100[EI=AT v #loops%i‘ﬁuzf ma. hE==SAlL
000 ETiBDACAZEDOREH
loops = 2.5x10* ® EKSA - FPGA — - < _ -
i B | Y REFPGARS DT ——UZY
0 T BERS(E. CPU(RIBILIRL) A%
. , 5.0x10* = 15EDA
,, | E3-SA - CPU(-00)
T 1000 1.0x108 o v IR, BEFJ)UVIBRDFHE U
= ° ° ® 1E22ESA - CPU(-00)
N . MNILRY D
H ° o 2.5x10 ® fE3ESA - CPU(-01)
5.00 e ° P 5.0x10° ® J2ZSA - CPU(-01) v jﬁﬁ”u]baj'll:lj L/(L_CJ:D * *EDE}_EI_O)
( [ ]
0.00 See PPl o oo FPGA : Ultra96-Vv2
0.1 1 10 100 1000
7 = — 1) > 2B [msec] &1@DA (Digital Annealer) : 4
CPU : Intel Xeon W-2125 @4.00GHz
[3] https://sites.google.com/site/graphcoloring/vertex-coloring F) C++VY D DT 70— RIGERESTESTILAICEEL
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A2 OXE> 2 =31 —% (Python)

J\— RO T 70038 (BLENAER. 3

'ﬂ?{IIl-l_ ) j@?u\ég(c_/\ll/ I\

RERAIEDRIIRIE. HAFFBIRELE. =1TIFREIDORIET D

# Transform to binary number
def decimal to bin( ,

# Transform to decimal number
def binary_to_dec( s ):

# binary multiplier

def binary mul( , , , , , ):

‘ kawamura-labwork Update README.md 205f86e on 15 Sep (9 14 commits
[ G1sing.dat Update model file 2 months ago
Y README.md Update README.md 2 months ago
[ simulator.py Update model file 2 months ago
README.md

HW simulator of SA

Model file: QUBO_problem/2-FullIns_3_QUBO_5.dat
One-hot table (size: 52)
[(e, 4), (5, 9), ... , (250, 254), (255, 259)]

—— Model & Parameters

N = 260

#Loops = 100 x 1000

T(set) = 100.0 ——> 0.1

T(real) = 100.0 —> 0.10000066578831485
seed = 12345

100% | I | 100/100 [00:02<00:00, 39.72it/s]

—— Result

H(init) = 201
H(fin) =0
#. One-hot constraint violations = 0@

Q) 1 kne
GitHub A

https://github.com/kawamura-labwork/SA-HW-simulator
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[ o aws

https://aws.amazon.com/jp/ec2/instance-types/f1/
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