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F18E  (FUSHIC

SZL-FYRPIEYS Y ™ (SBM) FERZHHRUESEREREESRCEVILINTT,
AECHBVWTEHEZE Bt B2 kU SRRt B2T7I29)0WV1-230X 2500 R
RUET . REBLUERBERICBVT SBM (& SZ1L—FyRDIKY>> ™ Ffz(& Simulated
Bifurcation Machine ™ #=EULEY,

SBM (T aCim X DM RICE DV THFEINTVEFET,

Goto, H., Tatsumura, K., & Dixon, A. R. (2019) Combinatorial optimization by
simulating adiabatic bifurcations in nonlinear Hamiltonian systems, Science
Advances, 5(4), DOI:10.1126/sciadv.aav2372

Goto, H., Endo, K., Suzuki, M., Sakai, Y., Kanao, T., Hamakawa, Y., Hidaka, R.,
Yamasaki, M., & Tatsumura, K. (2021) High-performance combinatorial
optimization based on classical mechanics, Science Advances, 7(6),
DOI:10.1126/sciadv.abe7953

SBM (& FPGA (field-programmable gate array) ((3EE&EINET ., FPGA DORIIEESHEZA]
BECVWIHFRZENL T, TOI7(ILOERZ1EEID SBM [EFE ([BIiEA>RF>R) ZHBEIEUTEH
ICEIDEZ THATEEI, SBM (& Intel FPGA SDK for OpenCL YIhJ17-74.0>—F%
EIB(ICLOTRHFEINTHN. Intel FPGA PAC D5005 (Intel FPGA JOJ3%T) - 7HtE35L—->
3>-7—K D5005) FRADEBIEEA AT AELTRHENE T AEICHVT FPGA R—RE. L5
Intel FPGA PAC D5005 #2kRUET,

SBM ZISFUIES AT AlE B 1 (ORI LOITRR MDY —/)\—EEI(SFREENT FPGA R—RhbiE
BenFEd ., 1—H—(3. C. Python (C&BYINITTSATIUICLO T, )\ — RO 7AIBR BT BL
B PIVT =23 =R TEET . 7T -2 BRAIELTIIP L AT PO MEBanE g, U
B ABICBVTRAM == (F EEARI MY -/ -ZRRUE T,
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1: SBM ZISAURS AT AOEIEEE

RAMOY =)\~

VINITT

1-Y-7705-33> VIPL2ATHA>

SBM VI NII754T3Y

Open CL Runtime

FPGAR—R
PAC D5005

[ElE%

A2AIVR

L |

AATLAOREMEUATOEBOTY,

SBM [EI#& IP (Intellectual Property *1) (Intel FPGA PAC D5005 Ef5)
SBM YJR9I175473Y), API (C. Python)

UIPLYATHA>

1-H—3Za7)l (KE)

*1: AETE. 18210 SBM [EIREA 2 AT A%HFRL T SBM EIRE IP EMFUET,

SBM Z{FEATIBR(CIE. ANZ17IDSA O RA%KIE [8.2 Licensel (P.98) ZwASHFHIIE
Vo AEIGRIC(E. FRFHFEEHORMIZEALTENET . AZFHHTOE/EMTHD. Z02EHD
WE—BBICOWVT, B OFEGEZIS I ([HER., BB KFE=BHRH I LTERTEILENT
BOFET, 2ofth. AEHIBHOHRZEAKEERZEL. TNENEEIEIRCL TUERL TS5
BhHNET, 221l -F7vRDIRYS 2L Simulated Bifurcation Machine (& SRS HERZD
BAFEZOMDEICHIIZEFEIRE(EEETT,
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F2E AYVAMI

2.1 EZAD FPGA h— RODIXAT

SBM [Oli% IP Z{EA I 3(CFERDA>HI1—A A ZH5N U8 FPGA R— ROTEFRAEIICES
ADMENHDET . BT S FPGA M— ROXIRE, RZETERADA>YII-AMIIEZESAAL
B BXUET  IXHEICONTIEERZIBHE(CTHEERTIEV,

2.2 #MERERTYNTYT

KETE N\=ROI 7Dy N7y TBLUYVINITT DY Ny T#ITVET .

N=ROIF7 DY RFPYY

CentOS 7 #EY—/)\— LT, \=ROI7OEY~7YTZITVET FPGA R—REBE, FPGA
R—RNBIERTRELTRDE T Intel & FPGA HIHHIRSA/NA A=V ZITVET

SBM YIMII7 DY NPV

2 SBM [l IP HLUERZH SBM VI NI 7ZERM-BLiEL T, [Oi IP ANEERITE]
BEERBFTOHREZITVET .

KUNERLABET, ENENIEZIE>TERBALE T

2.2.1 RAMF—N\-2{F

RANS—){—(F, FPGA R—K (Intel FPGA JO45%I) - 751 —>3>-h—R D5005) %5
FHAJEET. Intel 793 —23>-R9v) N=23> 2.0.1 291 L\ REVTEITEEET., vk
PyvTE T #IC(E OpenCL RITRIEHIZIV R laocl diagnose alll H" PASS 93C¢%E
HELET,

S2EZ1BIRELT, Intel PAC BBEY-/N—-& Y-8 HIZU TITRUET (BEIERESFOER
THD. B TR IBNFI L ZRIET DR TEIHDFEA) -
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Intel PAC :2EY— /-1
HPE ProLiant DL380 Gen10. Dell PowerEdge R740. &
Y—)\—1E 541

Intel CPU 8XXX X, DRAM 8GB Ll _t. PCIe-Slot Gen3 X16

2.2.2 N\=RoI7ntyhryr

N=RII7OLEY 7Y TZU T OFNETEMUET .

1. RANF=)\=AD 0S 1 >AN=)l
2. Intel & FPGA HlIEIRSA /(245> 0—R
3. Intel & FPGA HIfHIRSA/\ &A1 >ZR=)l

RAN=){=AD OS 1> A M=)

AR == (CHUT.FBED 0S 212 AM=ILLTLEEW, SBM YIRD17(d. Red Hat
Enterprise Linux Eif& OS T#3 CentOS 7.9 (CTEMERENHDET .

(F>0-REAhZESE)

‘httpi//isoredirect.centos.org/centos/7/isos/x86_64/

Intel & FPGA #IfHIRSA /DA D> 0—R

Intel 7735 —23>-2%v) N=23>2.0.1 5291 L%F5C URL LDEELET . [5>91 L
7950 —23>- 25971 () 350MB) EIRULTEUSLE .

https://www. intel. co. jp/content/www/ jp/ ja/programmable/products/boards_and kit
s/dev-kits/altera/intel-fpga—pac—d5005/getting—started. html

1

https://www.intel.com/content/www/us/en/programmable/products/boards_and_kits/dev-
kits/altera/intel-fpga-pac-d5005/buy.html
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Intel & FPGA #lEIRSA){DA > X =)L

[S25941LRBT7IE5—23>- 2599 (RTE) | ZAYAM=ILUET . FNhOIAYIRT— i
1R (BABE. Intel #9149 R5—bMIAR) (ZREL\ root 7HT> KT RTE 21 Ab—ILLET

https://www. intel. com/content/www/us/en/programmab|e/documentation/edj15421485
61811. html

https://www. intel. com/content/dam/www/programmable/us/en/pdfs/|iterature/ug/ug
—-gs—ias—d5005. pdf

Intel #£VAYIR5— M4 RCHEL FPGA R— FOFEEB LU RTE DA VAR ZITOET . BUF,
Intel #J1YIZ5—M1ROEZTYI T, SBM YINITFZEMFEBBIEHDA>IN—ILFIED
#HRZHALET . KR TOSIRU Intel #71YJ25—MiA Rl UG-20202 | 2020.09.09
THO LT ORAXRDORHEUSRESOEMICELFT T LT TE SBM YIRNII7ZERITIS
FTHBERZER/IROFIEEVTHRALFIOT, “HRITAE" RO TVWBSFIEFLARCIGUT
EHEL THBLER A,

I\ —2 /347 3UDFERIMV AR

WMBERBINWT— /5403 —BOANTHE LBEOA A= )VALIBHNZ LA—X(BDFET
(sudo IY>Y RTIS—HH2H5E(E. root 7HTY MCIEZEEITIZEY) .

$ sudo yum install https://dl.fedoraproject.org/pub/epel/epel-
release-latest-7.noarch.rpm

S sudo yum install gcc gcc-c++ cmake make autoconf automake 1ibxml2
libxml2-devel json-c-devel boost ncurses ncurses-devel ncurses-libs
boost-devel libuuid libuuid-devel python2-jsonschema doxygen hwloc-
devel libpngl2 rsync python2-pip tbb-devel

$ sudo pip install intelhex

$ sudo yum install -y python36 python36-pip

10
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> 2.3. Hardware Installation

12V EES—JILD 2x4-pin PCle PowerConnector ADIEENIMETY (PCle AOYMSOD
BHHEBERTDORD) o e RAN—N\-0OmE4EEEEL T, TE2&ER) Table 12. Thermal
Specifications THESNZEEZMER TS TVBEETHETRIZEL,

https://www. intel. com/content/dam/www/programmable/us/en/pdfs/| iterature/ds/ds
—pac—db005. pdf

> 2.4.1. Installing Red Hat Enterprise Linux version 7.6

SBM VJRJ17(3. Red Hat Enterprise Linux it OS T#3 CentOS 0 ver 7.9 TEMERIE
H&hFET . Red Hat Enterprise Linux OZEFTEEIVY REEITLTUZEL (CentOS DIFE
FRETT)

$ subscription-manager attach -auto

$ subscription-manager repos --enable rhel-7-server-rpms rhel-7-
server-optional-rpms

$ sudo yum groupinstall <package name>

$ sudo yum install -y python36 python36-pip

> 2.4.2. Installing the Intel Acceleration Stack

Acceleration Stack for Runtime ZA>AR-JILUET,

> 2.4.2.1. Installing the Intel Acceleration Stack Runtime Package
on the Host Machine

root 7h9U>2hC. LTIV REETUET,

# ./setup.sh

A2 AM=IFET AL NI,

/home/root/intelrtestack/
TIRL,

11
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/usr/local/intelFPGA pro/intelrtestack/
FEHRLETT,

4. You are prompted with the following questions:

FEEiETRTE BT, Yes ZEIRLTETI VA R=)LUTLIZE L,

a.Do you wish to continue to install the software (Acceleration
Stack) ?

b.Do you wish to install the OPAE?

c.Do you wish to install the OPAE PACSign package?

(BE) 1AMIBET [NNWr—IDFBORBRVEDAAM-INTEFRRATUE] EWSAVE
— IV EPRIE, ZE B/ (YT—T% yum TANRBEULTHSBEA VA M-V ERHEL TS
Lo

8. Run the initialization script to set the required environment variables and
OPAE_PLATFORM_ROOT:

FERIERE. SEELR IP ZEMFEEIBRC. OJ1 R BUIIARIRRERVE, BT RT
TEILENHIRRHETT,

$ source /usr/local/intelFPGA pro/intelrtestack/init env.sh

> 2.4.2.2. Installing the Intel Acceleration Stack Development
Package on the Host Machine

HITAETY,

> 2.4.3. Verifying the Installation

17U, sLEeNTLROT M NENBIEZFETRL TUEE W AYZ217)UHREHSTE opae-1.1.4-
8.x86_64 (FAVAN—ILENFEAN . FIEHDER A,

12
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> 3. Installing the OPAE Software Package

HITARETT,

> 4. Identify the FPGA Interface Manager (FIM) and BMC Firmware
Version

E1T0L. F5L ID MENENBEZESBLTREL (2021 F 3 AREZHRERE IP EAF
FPGA R—RDIZFE)

Board Management Controller, microcontroller FW version 2.0.12, RTL

version 2.0.6

Bitstream Id : 0x202000200000701
Bitstream Version : 2.0.2
Pr Interface Id : fbfdafl9-d278-5850-b97d-085fe209c44d

> 4.1. Updating the FIM and BMC

EITARETT,

> 5. Running FPGA Diagnostics

EITARETY, fADDIC, OpenCL EITIRIBHAMAHZITILDIC, root 7HD> NTUATEEMCT
AN

# reboot
# source /usr/local/intelFPGA pro/intelrtestack/init env.sh

# aocl install

> 6. Running the OPAE in a Non-Virtualized Environment

KITAETY,

13
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> 7. Running the OPAE in a Virtualized Environment

HITARETT,

> A. Handling Graceful Thermal Shutdown

WMEITEU T, FATTZE,

SBM VI RII7FEIEERZE NS FPGA JRE LRICHIZT7THEETY, SBM YINITT
ZLZELTEMESE Sz Thermal Shutdown REZEHERELET

Intel PAC BREY—/N\—T/HE0 FAN OREZHEAFRECLTVSIHE, U TORERIHKIVEHE
TEHDFEB A RAM—/-T/5Z0 FAN OREZERMICTEEGKELTLDIHET Intel PAC 32

EY-N\-LSTENEEEZ5E(E. TEeER Table 12. Thermal Specifications TARIES
N3 HENEEN 2R TE2/5E) FAN O BEZIERUET.

https://www. intel. com/content/dam/www/programmable/us/en/pdfs/| iterature/ds/ds
—-pac—d5005. pdf

FPGA O junction J&E (& fpgainfo temp I¥> R ([FPGA Core Temperature| tH1fE) T
R TEET, TEEhIZRTELTHE FPGA @ junction JREN 95 CZ#BAIIBE. Thermal
Shutdown MHOWWDFET , FED—HIZILTITRUET (/usr/bin/pacd.conf SEitAE. THRED
(FAVAM=IUBFRICEDETIZEY) o TSRO [.gbs J7AIL] (& REFVINIITDEYRN7YT
([CT SBM VI RII7DRER - BLEZ1T oI (ICHIALE T,

tH#HFFHHFE#H## REQUIRED OPTIONS ##############4##

DefaultGBSOptions=-n /home/<username>/<user work dir>/sbm vl 0 0/sb

m/images/COOLDOWN. gbs

StartedBySystemd=1

#H#H#H 4 H 444 OPTIONAL OPTIONS ##############44
UMask=0

LogFile=/tmp/pacd.log

PollInterval=10

CooldownInterval=10

# Uncomment and specify specific PAC PCI address to monitor.

14
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#BoardPCIAddr=-S 0 -B 5 -D 0 -F 0

# Specify threshold values. -T for UNR, -t for LNR.
ThresholdOptions=-T 12:95.0:90.0

# Extra advanced options.

ExtraOptions=

> B. FPGA Device Access Permission

MHE(TIEU T, FATTEE L,

> C. Memlock Limit

ME(THU T, FATTZEL,

> D. Troubleshooting Frequently Asked Questions (FAQ)

HE(TIEUT, BEIZEL,

2.2.3 SBM VYIrII7OyNPwT

SBM VI RI1 7Oty h7yT %, U TOFIETEMUET .

SBM VI I 7—RZAF

SBM VI M1 7 DES 42D

SBM VI RII7DERM - AliE

SBM VI hIT 7 OEWVEICRHERY )L S1TSUDE AN

Hw N

SBM VI N1 7—N2 AF

RZHE SBM VII17—3(E DVD-R XF(7ICTEMENFT . RZIEHENSOEN(CAEVE
DVD-R X547 AFLIZEL\,

15
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SBM VI RI17 DS
md5sum I RIZED, FEROFIYIY MELE—THEILEHRRUET.

$ md5sum sbm common derivative vl 0 0.tgz

# 1: derivative checksum (md5sum value)

derivative (v1_0_0) md5sum value
sbm_common_derivative_vl_0_0.tgz 171ce27d2dfc1b1d27c9c9a944c2af56

SBM VI NIV DR -BoE
tar JX> RICED, HEETALI N FAAFEI7 (V&R - BLBLET .

$ cp sbm common derivative vl 0 0.tgz /home/<username>/<user work d
ir>

$ tar -xvzf sbm common derivative vl 0 0.tgz

SBM VI NII 7 OEMECHERY—IL-SATSUDE A

Google Chrome. Java FID31J3VUE %, ITOLICLTA VAL ET, BIEICTEIBATS
SBMUJPLYATHAY (TEENME) ORITRIIEL. B4 DUI7L > AT YA U ERTFIRCR-TEN
SATF)DEANKE(RDIZENHDET .

Google Chrome Z{4> X M=)l

TEOENHNDINS RTA UV AR=ILLTLIZEW,

S sudo yum install google-chrome-stable

$ sudo yum install https://dl.google.com/linux/direct/google-

chrome-stable current x86 64.rpm

16
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Python GUI %5175V~ X b=l

$ sudo yum install python3-tkinter

it

2.3 SBMVYJKDI7ICLB[OE IP EEETT

AEITIE SBM VIII7ICL3EEE IP EERITOF/IEZRLET

\

1. SBM YVINIT7EITRBIEZHEYT
2. SBM @& IP 2Mr 7053 A

RINERLAPE T, ENENIBZES TERALE Y.

2.3.1 RIEZZHGEIIE

WERIRIEEER (Intel AERIR) ZERELET . SR Intel Acceleration Stack Runtime
DA ZAN=IVIBFRICEDE T BEFZEHFEZ TR,
$ source /usr/local/intelFPGA pro/intelrtestack/init env.sh

ARAVVT N —f¢ 1 - LU TEITURBES. [sudo]INV> RIS 2/NRT— RA D ZKRDSNES
(root I-Y—tUTEITUIB AL KOSNELEA) »

DERIRIREI CRZARE) ZRELET.

$ cd /home/<username>/<user work dir>/sbm vl 0 0
$ source ./setup.sh

(&%) setup.sh D5 : fExt/(AFKIR

export SBM HOME=$ (pwd)

export SBM IMAGES DIR=${SBM HOME}/sbm/images

export LD_LIBRARY_PATH=$ {SBM_ HOME } /sbm/1lib: $LD_LIBRARY_PATH
export SBMLIB_PATH=$ {SBM_ HOME } / sbm

export PYTHONPATH=S { SBM HOME } /sbm/1lib:SPYTHONPATH

aocl program acl0 ${SBM IMAGES DIR}/COOLDOWN.aocx

17
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EUGREMTONI D EREZRLET

OpenCL EITRIBEL TIELKEMETTBEMIRRE T B EZMEER I BIesbIC. TN RE2EITL. IS
ZHEERN “DIAGNOSTIC_PASSED” ThAZEZMESZRLTEEL,
# reboot

# source /usr/local/intelFPGA pro/intelrtestack/init env.sh

# aocl diagnose all

2.3.2 2ZWrJ0J34

20754 (sbm_diagnose.sh) ZFERIZECLD. SBM VINITIZOENMERZIKIS DL
WNTEEY, ZT0 3 L% EIHEEU T OFHREEEMmU TIEL,

G-set RIBZE&RI ST —FI71)L—R%Z. T35 URL NSEUSL TERLET.

‘http://web.stanford.edu/Nyyye/yyye/Gset/

ESURT —4%Z T eIV MBI CAE o Tl 2 Lo MICRRAL TIZE L,

cd ${SBM HOME}/examples/data

cd G-set/

wget -r -11 -np "http://web.stanford.edu/~yyye/yyye/Gset" -P ./ -
ngx

mv ./web.stanford.edu/~yyye/yyye/Gset ./Gset

rm -rf ./web.stanford.edu/

ETo S 7 S o S R o S O S 8

for filename in ./Gset/*; do mv Sfilename ${filename}.txt; done

TSP BIREZEER I 57T —FI7()L—R%Z. T5 URL MSEUSL TERLET.

‘http://comopt.ifi.uni—heidelberg.de/software/TSPL1895/tsp/dantzig42.tsp.gz

UL —5% TRV REICRESTEIAT /LY NICEBIL TGV, python BRSO,
CERRRICEOBEEE,

$ cd ${SBM HOME}/examples/tsp

18
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$ wget http://comopt.ifi.uni-
heidelberg.de/software/TSPLIBY95/tsp/dantzig42.tsp.gz

gzip -d ./dantzig42.tsp.gz

mkdir ../gui server/data

cp dantzig42.tsp ../gui server/data/

cd ../gui server/

sudo yum install -y https://repo.ius.io/ius-release-el7.rpm
sudo yum install python36-devel

pip3 install -r requirements.txt --user

cd ../tsp/

»n »n »n o »n o »n o »n N N n

python3 format dantzig42.py

TFEAVIVTNED, SBM [EIEE IP #ZHiLET . ROUTREITHERGIE 8.3 ZHiTOJIACDOL
Tl (P.101) ZBERIZEV, TR 10 5 TY.

$ cd ${SBM HOME}/examples/problems for diagnose

$ ./sbm diagnose.sh

SBM [Oli IP E2BASRATHFIC(L. AUE CPU J7DOYIDEDDCLZ5THERE (EERREIEN) ZHR
HHEBFRIAL, &8 CPU J70—EP% Linux Kernel (OS) AUENSBRIMETEL THSEIEE IP 2
BT RICE CPU J7Z&IDH TTRITI SILEHERLET . 32 07 CPU 58> AT A TOIEETTE
—BlLLF (CRUES

/etc/default/grub KM, GRUB CMDLINE LINUX ¥&§EATIC. "isolcpus=30-31"%&
s2LEF9 (3237 cpu® 30/31 B, Linux Kernel YUBZSEBMETE)
$ sudo grub2-mkconfig -o /etc/grub2-efi.cfg

(AR IFPAIN 4L grub2 . cfg EWVIHEHBHDET)

$ sudo reboot

S ps -eo pid | grep -v PID | xargs -nl taskset -c -p | grep ': 0-
31' | sed -r -e 's/pid ([0-9]*) .*$/¥1/' | xargs -nl sudo taskset -
ap 3fffffff

(B@EHTOLRDS5. BENEIEEREOE cPu d 30/31 FEITHSIBESEED)
$ cd ${SBM HOME}/examples/problems for diagnose
$ taskset -c 30-31 ./sbm diagnose.sh

(cpu @ 30/31 BEEI7 LTZRITOI S L0E2ETUEY)
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38 C3M1J3Y

SBM VI hIT754T3UE FPGA I\ RILEZITI\> RILOBEZ TIBEENE T (& 2) , FPGA/\
> RIVEEIERA > 29> ZFAELIZED T S R— I BEEA 2RI ZADS50LWINA 1 DZIEL
RUET . 3T/ RINES T ZMRIEUEDTY . RTINS SUIRIRED 1 175, h 1758 LU
I SA—HEENSZEMFESRBEIEEA VRV XIEHR (FPGA /\URIL) & 1 DICHEDIEZES
AT EFUES , BEHO>3T)\D RILE—0 FPGA J\U RV ZSIR S 2 ENEIRET T .

2: SBM VI RI1754 T3 OBERE

FPGA
J\—=RD17
A A
—— SBMYJRII7S4T5Y
— |
o JTHIEYNBE
FPGA/\> R FPGAI\YRIL | BRAREI#
e SB7IIUXLA
!_T T_\ |
e ], hi7%l
>3J)\>RIL SEVAWINA 3N\ RIL o ZEVH
o HIEISA—H
— I
3.1 F-—A4H!

3.1.1 sbm_version_t

SB 7N IJUXLN=23>DUARTT,

INSAX=4
B shiBA
E_SBM_ALGO_A SB/(->3> A (*1)
E_SBM_ALGO_B SB/(->3> B (*2)
E_SBM_ALGO_C SB/(->3>C (*3)
20
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*1: Goto, Tatsumura, & Dixon (2019) ((BED&Z9,

*2: Goto, Endo, Suzuki, Sakai, Kanao, Hamakawa, Hidaka, Yamasaki, & Tatsumura
(2021, p.2) @ ballistic SB (bSB) ((EDJZF9,

*3: Goto, Endo, Suzuki, Sakai, Kanao, Hamakawa, Hidaka, Yamasaki, & Tatsumura
(2021, p.2) @ discrete SB (dSB) (CEDJZ%Y,

3.1.2 sbm_dtype_t

] (REVEHESRE) 1751y MEEOUZRTY,

ISA=4
B B

E_SBM_DTYPE_INT1 1bit IFSIEEER (*1)

E_SBM_DTYPE_INT2 2bit FFS{TEEEL

E_SBM_DTYPE_INTS8 8bit fFS{TEEEL

E_SBM_DTYPE_INT16  16bit fF5{1&%¥%

E_SBM_DTYPE_INT32  32bit fF5{1&E%

E_SBM_DTYPE_FP32  HEIFE (32bit) JFEN\ERmEE
*1: -1, +1 MEEEDRETO (FEEBL) FREARDTY . REEOIS2IETINTOHMER
BJHET Y

&H

3.1.3 sbm_fpga_id_t

BIEEA > IV ADVARNTY

ISA=4

B B3
ISING_B2048FP32_1 0 2048 ZE>.SB/N\—->3> B. ] (RECRHEEERED 1T
SIEyMBE=H¥EE (32bit) FE)V NI
ISING_B2048INT1_1 0 2048 ZE>.SB/N\—->3> B.] (RECRHEEERED 1T
Sy MEE = 1bit S {TEEE%

&II
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B

%II

ISING_C2048FP32_1_0

2048 2E>, SB/N\—-23> C. ] (RERIESHEN) 17

SIEyMBE=HEE (32bit) ZB)\EIREEL

ISING_C2048INT2_1_0

2048 ZE>, SBN\—23> C. ] (RECREERER) 17

SIEY MEE = 2bit [T E R

ISING_C8192INT2_1_0

8192 ZE>. SB/\-23> C. ] (REVREHESHRED 17

SIEY MEE = 2bit [T EEE

3.1.4 sbm_job_log_t

TITNURIVEFTOI DUZRTY , RITREBIOPEREE] 3 2B ERZAL,

INSX=4
2R i) 7L
exec_timel double FPGA E4785E (B : #)
exec_time2 double FPGA E1THE +
F)\A ZAEVERRBERS (BEAT @ 72)
exec_time3 double FPGA E1705[E +

TINAZAEERixisfE +
RANAEERXESE (BEAL : 72)

22
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3: EITEFREIOMER

PAC D5005
(HE NN

I AN NN cPU
=) ARZIAE
TTTTITTNI rrrrt

= Hh I

PCI-e

|(-- exec_timel )| J

exec_time2 3

TRARAEY = TINAZAEY = FPGA FPGA = ARAXE!) =
FTI/AZX FPGA ERSTin| FTIAZXEY IRZARXEY

exec_time3 A

-

3.1.5 H_SBM_FPGA

FPGA /\URILZTE&ERIZEITY,

3.1.6 H_SBM_JOB

TITN\URIVETEEIBEITT.

3.2 API

3.2.1 sbm_setup_fpga

JITIIHEE . RAREVE, SB IV IUXLRIEELFY . RAFICESMEEEA > 5> %0~ R-#IHATL
#. WU UTTC ZOEIEEA >V RIZAND FPGA )\ R)L (H_SBM_FPGA) %#iRUFTJ,

23



BX

Rev. 1.1

H SBM_FPGA sbm_setup_fpga(
sbm_version_t version
int max_spin_num,
sbm_jtype t jtype

J\SX=4
& B I/0 HEA
version sbm_version_t I SB 7N JUXLIN—>3>
max_spin_num int I BEAAE>EL
jtype sbm_jtype_t I J1TRIEY MBE
IELE]

FPGAJ\>R)L : IEE

NULL : 8

3.2.2 sbm_setup_fpga_id

[BIERA > RID ABIBZRAEELE T . IEEDMEIEA VXY %20 — R-HIHAEE, I LTI, E0ME
A RIZAND FPGA I\ RV (H_SBM_FPGA) %ZiRUFY,

BX

H_SBM_FPGA sbm_setup_fpga (
sbm_fpga_id_t fpga_id
)

J\SX=4
£ B I/0 &ReA
fpga_id sbm_fpga_id_t I [EIF8A >R RBIE
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ROfE
FPGA J\RIL : TES

NULL : &8

3.2.3 sbm_create_job

FPGA J\>RJL. ZE>#8. 1 475, h 1751, HIHH/CSA-HZIBELET  IEERMHTOO TS0 %%
BU. O UTTIC. 2023TAD/\U R (H_SBM_JOB) %iRUEY,

XX
H SBM_JOB sbm_create job(

H_SBM_FPGA fpga_handle,

int spin_num,

float *J,

float *h,

int step,

float c,

float dt,

float alph,

float beta

)
JNSA=4
2 B I/0 EHEA
fpga_handle H_SBM_FPGA I FPGA J\>RJL
spin_num int I AE#S

] float* I J1THABINSERA S T—H(F
Row-major order THZE I D&

h float* I h RJNUAGHRSERA >4

step int I SB X7v#K

C float I Goto, Tatsumura, & Dixon
(2019, p.6, T(13)) D & (A8
%
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B B

I/0

s&ll

dt float

Goto, Tatsumura, & Dixon
(2019, p.6, I(12),(13)) D A:
(CHE=

alph float

Goto, Endo, Suzuki, Sakai,
Kanao, Hamakawa, Hidaka,
Yamasaki, & Tatsumura
(2021, p.4, K(7), p.5, &®
(12)) O xIBICENBRT - 1%
# (@8 1.0 718E)

beta float

Goto, Endo, Suzuki, Sakai,
Kanao, Hamakawa, Hidaka,
Yamasaki, & Tatsumura
(2021, p.4, I(6), p.5,
(11)) O yiBICEN BT 1%
# (@8 1.0 718E)

ROIE

S3TIRIL

1T ETIDER
ASVIEFIVIATFORTE

3“353-0 /\OEX—G’ J\ h b‘\:_ttq:lo) /1"\ b](:ij-}l_ﬁ‘bgzg_o

N N
1
Cising = — 522 Ussj+2/251

3.2.4 sbm_set data

EREHDZIT(CHUT, sbm_create_job (EERDNIA—FZERTELET . —EB/\TA-HIDH

OEZFETTELET
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void sbm_set_data(

H_SBM_JOB h_job

int spin_num,
float *J,
float *h,
int step,
float c,
float dt,
float alph,
float beta
JSA—%
E2Y B I/0 5iEd
h_job H_SBM_JOB I =371\ RIL
spin_num int I AE#S
J float* I JTHURSHRSEIRA > 5 T
Row-major order THECE I D¢,
NULL 15ERs. 30
h float* I h ARJ NUASHRSERA >4, NULL 15
TR, #2h
step int I SB Z7vJ#1. 0 187ERs. FERD
C float I Goto, Tatsumura, & Dixon
(2019, p.6, I(13)) D & (CHH
3
dt float I Goto, Tatsumura, & Dixon
(2019, p.6, (12),(13)) D A:
(CHE=
alph float I Goto, Endo, Suzuki, Sakai,

Kanao, Hamakawa, Hidaka,
Yamasaki, & Tatsumura
(2021, p.4, K(7), p.5, &
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S&II

B3
(12)) O x;IEICHEND AT 1%
2 (EHE 1.0 7HEE)

beta float I Goto, Endo, Suzuki, Sakai,
Kanao, Hamakawa, Hidaka,

ey B I/0

Yamasaki, & Tatsumura
(2021, p.4, I(6), p.5, X
(11)) O yiIBICENZRT - 1%
# (@HE 1.0 7iEE)

3.2.5 sbm_set_initial_amplitude_x

ERRBEHDOTIT(HUT AIBEE x (*1) OELEEREFHZRELES . AIBEH x (& (-1.0,
1.0) OFEFETIITEITBICELEREU TAEMEINET . 5% initial_amplitude ([C&oT. COIRIED
ZEEETECIRET Y . BIX(L, initial_amplitude=0.5 EUTeEE, AIEZEE x (& (-0.5, 0.5) @
BEFETHEMRINET, 2021.3 IRTE. A API [FEEA>ZXH>RX ISING_B2048FP32_1_0,
ISING_C2048FP32_1_0 OHTHMTY.

*1: Goto, Tatsumura, & Dixon (2019, p.2) ® x/(AHHUET,

B

void sbm_set_initial_amplitude_x(
H_SBM_JOB h_job,
float initial_amplitude

INSX=4
& B I/0 FREA
h_job H_SBM_JOB I =3d)URL
initial_amplitude float I LA AERIRER [TI4)Lh=1.0]
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3.2.6 sbm_set_initial_amplitude_y

ERRBEHDSIT (LT, EBEE Y (*1) OFELEEREFRZRELET . EBEH Y (& (-1.0,
1.0) OEFETIITRITBICELEEL TERINE T, 51#K initial_amplitude (L& T, COIRIED
1B ETERIRET Y, BAIZ (L, initial_amplitude=0.5 EUREE, BE3HZEE v (X (-0.5, 0.5) O
FHEITEMINET,

*1: Goto, Tatsumura, & Dixon (2019, p.2) @ y(HBHLFET,

B

void sbm set _initial amplitude y(
H_SBM_JOB h_job,
float initial _amplitude

JNSX=4
& i) I/0 REA
h_job H_SBM_JOB I >3J)\>RIL
initial_amplitude float I ELEAERIRR [774)8=0.1]
RDfE
U

3.2.7 sbm_run_sync

BEZITZRMETRITUET.

29
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sbm_job_log_t sbm_run_sync (
H_SBM_JOB h_jab,

int *s
)
J\SX=4
E% B I/0 5iBA
h_job H_SBM_JOB I >3J)\>RIL
S int* @) AEATE] (3THITE) A&MNTR
124
3L
>3J)\>RIVETOY
3.2.8 sbm_run_async
IBEDITHIEBEARI THEITUET,
XX
void sbm_run_async (
H_SBM_JOB h_job
)
JNSA=4
E% 1 B I/0 5HEA
h_job H_SBM_JOB I >3d/ORL
3L
U

30
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FEEBAE TRITUIEES T DFERZRITEE T K APl ZIFRHUIIFRT, Z3ThETULT

WRWMEE(EFZITNR T I X THMUET,

3%

sbm_job_log t sbm get result(
H_SBM_JOB h_job,

int *s
)
JINIA—4
e B I/0 EHEA
h_job H_SBM JOB I >3d)\>ORIL
S int* o) AEATH (3TEITE) &SR
124
E30) [E]
3T )\>RIVETDY

3.2.10 sbm_set random_seed

SIALNGA=E (RIEIRIF—FEME. EE TR F—FEME) OEERLEMRZERDS — MEZ

bia_o

B

Kz
it

void sbm_set_random_seed (
int seed

)
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JINIA—4
e B I/0 GHEA
seed int I >—ME
E3) [E]
RU

3.2.11 sbm_release_job

BEZITOVY -2 fERUET

B

void sbm_release_job (
H_SBM_JOB h_job

)

INSA=%5
&R B I/0 ieA
h_job H_SBM_JOB I )R
ROIE
BU

3.2.12 sbm_close

SBMSBM VI RI17 54 TS THRU LR TOVY - A& fRLET

BX

void sbm_close();

32
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3.2.13 sbm_set_message_level

RERD X -SOULNIZIEELFT .

XX
void sbm_set _message level (
int level
)
JNSA=4
& B I/0 5RER
level int I 0 : Xwtz—>LAJL ERROR U EZH

1: Xvt—ILA)L WARN ML EZHEH [TI4IVN]
2 : Xytz—ILAJL INFO L E#EH

3 Xyt—ILAJL DEBUG KU EZH T (£2TOA
v —-I%HH)

3.2.14 sbm_print_lib_ver

SBM VI rI1 731 TSION-23> =B HUET,
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void sbm print_lib_ver();

SA=4

3.2.15 sbm_get_lib_major_ver

Rev. 1.1

SBM VI RI17FATSIOASv— -S> % ZFEDF T .

BX

int sbm_get_I|ib_major_ver ();

INSAX=4

NG,

RDE

SBM VI hII7FATIUDASv—)\-T3>

3.2.16 sbm_get_lib_minor_ver

SBM VI hII7FATIUDRAF—N\-3>%ZHEDET,
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int sbm_get lib_minor_ver();

ISA=4
U
ROE

SBM VI NIT7SATIUDRAF = N->3>

3.3 I>—Xvyt—>

SBM H'IS—THTUREE, I5—AvE—IhRDET,

x 2: I Xwt->—8

IS—-AvE-o

[RE - X075 3%

Unable to find Intel(R) FPGA OpenCL
platform.

OpenCL IRIBZIEKSBERTOER A
[2.2.2 \=R9I170tyh7vT] (P.9) %
FESRL TLIZE 0

Unable to find circuit instance.

ZE I BEREA ATV A K R—- T,
(658 [E1>R9>ZX—&] (P.51)
ZRESDL TS

FPGA handler in * is illegal.

FPGA )\ RILOENARIETY . 5l¥8% R

(*(X C API) LTKIZEW
JOB handler in * is illegal. JOB )\ RILOIENARIETY . 5IE8%H#R
(*(X C API) 2w

Exceed a spin humber of circuit instance.

arg:spin_num = * / spin humber of

circuit instance = *.
(KFIS-FERFOIE> )

JOB J\> RIUTHEELIZAE > BN EIRE 1>~ X
5> ABEBDERARE S HEBIBL TVET,
JOB J\>RILE FPGA J\> RILDRE > #5% T
AL TKIZEW

The number of JOB handler reaches an
upper limit value 128.

JOB J\> RILEEN EBRD 128 (GELFUIZ,
SBM ZE# D/ \SA—FTHBURWEE.
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sbm_set_data (C£3T3T/\5XA-4DE
ERTE. BULLIE sbm_relase_job (CL35E
HU)-R=HEREUET
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Yoo ol e — =3 — t—

348 Python 3147J35Y

Python S173U(&. C SATSUERIUES TREERINTVET (KB 2) . FHlCOVTIE. (2 3 &
C 3473 (P.20) #BBEEL,

4.1 API

4.1.1 setup_fpga

JITHRERE . RARE>#). SB 7V IUXLZIETELFT . RACEIEEEA >R A%0— R-FIEHE
#%. MUHUTTC, ZOREIEEA S RIZZIND FPGA J\> RILZIRULET

XX
setup_fpga(
ver,
max_spin_num,
jtype
)
N53—4
AFR B ShEA
ver str SB 7 IV LIN—->3>
TEXFHIERZSBLEW
max_spin int BAAE>
jtype str 1175 EY MEE
TEXFHIERZSBIIEW
NXFHESE

SB 7N IVXLN-23>

X751 EIL
SBM_ALGO_A SB/\—-23> A (*1)
SBM_ALGO_B SB/\->3> B (*2)
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3XF5) BT
SBM_ALGO_C SB/{\->3>C (*3)
*1: Goto, Tatsumura, & Dixon (2019) (CEDZEZY,

*2: Goto, Endo, Suzuki, Sakai, Kanao, Hamakawa, Hidaka, Yamasaki, & Tatsumura
(2021, p.2) @ ballistic SB (bSB) ((EDJZF9,

*3: Goto, Endo, Suzuki, Sakai, Kanao, Hamakawa, Hidaka, Yamasaki, & Tatsumura
(2021, p.2) @ discrete SB (dSB) (CEDJZFY,

JITPIEY MEE

ﬂ

X751 B3
SBM_DTYPE_INT1  1bit fFS{F&EEL (*1)
SBM_DTYPE_INT2  2bit fFS{1EEER
SBM_DTYPE_INT8  8bit fFS{J&E
SBM_DTYPE_INT16 16bit fF5{1&%%
SBM_DTYPE_INT32 32bit fi5{I1&EK
SBM_DTYPE_FP32  EA5E (32bit) FEV/EIREEE
*1: -1, +1 MERTEPIRETO (FEARBL) BEREARDITY . BESEO(TVIET I TOHMER
AJRETY.

ROE

FPGAJ\>RJL : IEE. NULL : £

4.1.2 setup_fpga_id

[BIF’A > RIV ABIBRABTELF T . IEEDMEIZA VR A%20— R-HIHIEE, 1PV LTI, 20ME
A2 ZAND FPGA J\> RV BRUET .

3%

setup_fpga(
fpga_id

)
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INoA—4
& i Bie
fpga_id EIB&A > RH> R BT
NFHERE
BIF&A A ABIES
XF5l S

ISING_B2048FP32_1 0 2048 XE>. SB/N\—->3> B. ] (RECRHEERED 1T
SIEyMBE=H¥EE (32bit) ZB)VNIREEH

ISING_B2048INT1_1 0 2048 XE>. SB/N\—->3> B. ] (RECRHEERED 1T
SIEy MBRE = 1bit fF S5

ISING_C2048FP32_1 0 2048 XE>. SBN\—->3> C. ] (RECRHEERED 1T
SIEyMBE=H¥EE (32bit) ZB)VNEIREEH

ISING_C2048INT2_1 0 2048 XE>.SBN\—->3> C.] (RECRHEERED 1T
SIEy MBRE = 2bit fF S5

ISING_C8192INT2_1 0 8192 XE>, SBN\—->3> C. ] (RECRHEERED 1T
SlIEy MEE = 2bit RIS {TEEEK

RDE

FPGAJ\>R)L : IEE. NULL : 5%

4.1.3 create_job

FPGA J\>RJL. ZE>#8. 3 475, h 1751, I/ (SA—9ZIBELET . IEERMHCETZaT%4E
BU. IFUNELTTIC. 2OZ3TAD/N\D RIVERLEY .
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BX

create_job(
fpga_handle,
spin_num,
J,
h,
step,
C,
dt,
alph,
beta

J\SX=4
& B B
fpga_handle FPGA J\>R)L
spin_num int 26> #R
J numpy.ndarray.shape(N*N) JTHURSHRSEIRA > 5 T

(& Row-major order TECEI B L
numpy.ndarray.shape(N,N)

dtype=np.float32

h numpy.ndarray.shape(N) h R NUAEHRSTRA >4
dtype=np.float32
step int SB X7vIJ#

C float Goto, Tatsumura, & Dixon
(2019, p.6, H(13)) @ & (cHH
=

dt float Goto, Tatsumura, & Dixon
(2019, p.6, (12),(13)) ®
A (CHEEH

alph float Goto, Endo, Suzuki, Sakai,

Kanao, Hamakawa, Hidaka,
Yamasaki, & Tatsumura
(2021, p.4, K(7), p.5, &
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B B

s&ll

B3
(12)) O x;EICHENDRT—1)>T
%28 (BE(E 1.0 Z18%E)

beta float Goto, Endo, Suzuki, Sakai,
Kanao, Hamakawa, Hidaka,

Yamasaki, & Tatsumura
(2021, p.4, I(6), p.5, X
(11)) o y;IECHEN DRI -2
1738 (BE(E 1.0 Z18%E)

ROE

TITN\RIL

1SUJETIDER

1SUIETIMIATORTERSNET . /\TX=F I, h BRHOD Jn A(SHEUEFET .

4.1.4 set data

ERGEHDTITICHUT, create_job EEMRDNIA—H%BIETELET . —EZB/INIA-IDHDLE
FCHIELET
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XX
set_data (
h_job,
spin_num,
J,
h,
step,
c,
dt,
alph,
beta
)
JSA—%
E2Y i) 7L
h_job =37\ RV
spin_num int AE> %%
J numpy.ndarray.shape(N*N) JTHURSHRSEIRA > 5 T
(& Row-major order TECEI B L
numpy.ndarray.shape(N,N)
dtype=np.float32
h numpy.ndarray.shape(N) h R NUABHRSTRA >4
dtype=np.float32
step int SB X7vIJ#

C float Goto, Tatsumura, & Dixon
(2019, p.6, I(13)) D & (CHH
=

dt float Goto, Tatsumura, & Dixon
(2019, p.6, I (12),(13)) ®
A (THEE

alph float Goto, Endo, Suzuki, Sakai,

Kanao, Hamakawa, Hidaka,
Yamasaki, & Tatsumura
(2021, p.4, K(7), p.5, &
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B B

S&II

B3
(12)) O x;EICHENDRT—1)>T
%28 (BE(E 1.0 Z18%E)

beta float Goto, Endo, Suzuki, Sakai,
Kanao, Hamakawa, Hidaka,

Yamasaki, & Tatsumura
(2021, p.4, I(6), p.5, X
(11)) o y;IECHEN DRI -2
1738 (BE(E 1.0 Z18%E)

4.1.5 set_initial_amplitude_x

ERBEHDOTIT LT AIBRE x (¥1) OELIEMSEFMZRELET. IBZE X (-1.0,
1.0) O#BFETIITRITECELEREL TEMRESNET, 513K initial_amplitude (&2 T, COIRIED
B ZEETECTIRET I, HIZ(L, initial_amplitude=0.5 EUMeEE, IEZE x (X (-0.5, 0.5) @
SEETEMSNET, 2021.3 IBE. & API (FEIERA>ZXY> X ISING_B2048FP32_1_0,
ISING_C2048FP32_1_0 OHTHERNTY,

*1: Goto, Tatsumura, & Dixon (2019, p.2) @ x/(CHHHUET,

3%

void set_initial_amplitude_x (
h_job,
initial_amplitude

INSA=4
E=T ic] Bl
h_job S3TI\RIL
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B B

%II

initial_amplitude float

LA ERARIE [T A4 8=1.0]

RO

12U

4.1.6 set_initial_amplitude_y

ERRBEHDTITHUT, AIBEE Y (*1) OELEERERZRELFT . (IBEH Y (& (-1.0,
1.0) OEFETIITRITBICELENEL TEMSINE T, 5l#K initial_amplitude (L& T, COIRIED
13 ETERIRET Y, BAIX (L, initial_amplitude=0.5 EUREE, MIBZEH v (X (-0.5, 0.5) @

EFCTEMSNE T,

*1: Goto, Tatsumura, & Dixon (2019, p.2) @ y(HBHULFET,

B

void set_initial _amplitude_y(
h_job,
initial_amplitude

J\SX=4
&R B sHEA
h_job 3R
initial_amplitude float ELEAERIRER [T 74 8=0.1]
E3LE]
RU

4.1.7 run_sync

BEZITZRMETRITUET.
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5374
run_sync (
h_job
)
J\SX=4
=% B 5L
h_job 3TN\ RIL
3L

AE>1TH (P3TEITHR) EMERSA>4S . B (& numpy.ndarray.shape(N),
dtype=np.int32 TEZEINET,

TATN\IRIVEFTOY . FEIFIA T OFRER 3 2SR,

>3 )\CRIVETDY
ey B 7L
exec_timel double FPGA 1785 (B : #2)
exec_time2 double FPGA E1705[E +
FTI\A ZAAEVERXBFHE (BT @ #2)
exec_time3 double FPGA E1785[E +

TINAZAEERixisfE +
RANAEERXESE (BEAL : 72)

4.1.8 run_async

EBEZIT%IEEHARITEITUET
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BX

run_async (
h_job

)

INSA=%4
A i shEA
h_job 3TN

RO

12U

4.1.9 get_result

JEEEAR TERITUIEE ST OEREZITEDEFT . A AP ZIFUNEUEFR T, 23adhETULT
WRWMBEEZITIHE T IBETRIELE T,

XX
get_result(
h_job
)
JNSA=4
& B Bl
h_job >3J)\>RIL
RhiE

AEATH] (D3TERITHE) &INERL>Y. run_sync LE—DRMETT,

23T )\>RIVEFTOY . run_sync EEI—ORMETT .
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SO LINGA—E (RIBIRINF—HEME, EE IR F—VEAME) OBELEERMERDS — MEZESTE
LFE9,
X
set_random_seed (
seed
)
JNSA=4
e B Bl
seed int >—RME
3L
N
4.1.11 release_job
BEDITDVY—-REFERUET .
XX
release_job (
h_job
)
JNSA=4
EX il B L
h_job >3J)\>RIL
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4.1.12 close

SBM VI RII7 54 TS THRU R TOYY - 22 fRRUET

B

void close();

INSAX=4

4.1.13 set_message_level

RER DX -SOULNIZIEELFT .

B

set_message_level (
level

)
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INoA—4
e B ShEA
level int 0 : Xytz—>LAJL ERROR KL EZH 1
1: Xyte—SLA) WARN L EZEH [TIAILR]
2 Xwt—ILAJL INFO A Ex=E
3: Xwt—> AL DEBUG L EZE T (2TOXvE—>%
ti77)
E3) [E]

4.1.14 print_lib_ver

SBM YJNITT7S54TSUDON->3>2HHUET,

B

print_lib_ver ()

INSAX=4

NG,

ROE

NG,

4.1.15 get_lib_major_ver

SBM VI RII 71 TSIDASv— -S> % Z(FEDF T .
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get |ib_major_ver ()

SA=4

U

ROE

SBM VI hIT7SATIUDASv—\-T3>

4.1.16 get_lib_minor_ver

Rev. 1.1

SBM YIRII7FATIUDRAF—N-Z3>%ZHEET,

BX

get_lib_minor_ver ()

INSA=4
NG,
RDE

SBM VI RII7SATIUDRAF—-N->3>

4.2 I53—Xvyt—>

[3.3 I5-Xvtz—=] (P.35) ZERTELN,
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B58 [Eg(CRICA—H

2021.3 IR7E. EIEEAVRIZADYR—MRTE T ERDEOTI . INBA VAT ADVT AN ISR
E13BELIIC APL ZZIERKIZEL,

& 3 BRIV ZA—E (JOI71)L)

Algo 1535 5l# YiR—b (*1)

Elig1 > A5 ABIE AE># Evb
ver h alph beta (o

RE
ISING_B2048FP32_1_0 B 2048 FP32 v v v v
ISING_B2048INT1_1_0 B 2048 INT1 v
ISING_C2048FP32_1_0 C 2048 FP32 v v v v
ISING_C2048INT2_1_0 C 2048 INT2 v
ISING_C8192INT2_1_0 C 8192 INT2 v

*1: RYN- M OSIBEIBELLZS. TO5IEEERINET,

[BIi&1 > X280 FPGA IV EEHOPTEREEU T2 SERIZEV, Tstep (& 1SB ATYICET S
SR T. Tstep X SB ATYT#X = FPGA E1THE (B 3 288) OBMRICHDET .

K 4: MRV RIVA—E (FPGA 17 EEOFEHH)

EBIIgA YA ABRE Tstep [Uusec]
ISING_B2048FP32_1_0 4.301
ISING_B2048INT1_1 O 0.683
ISING_C2048FP32_1_0 4,349
ISING_C2048INT2_1 0 0.359
ISING_C8192INT2_1_0 3.645
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SE6E  API OfEFRIAI

6.1 [EEIEOY>TILI-R [C]

C SATIVICLBEEPELDT> T - R T RRLET, Y2 TV I—RRTHEMHAATWS 1 175100
PG "R ATIEAR, B¥Nn" OIA-YYMERELTVEY, 36, GIBEDH IS —ANIE
(FAEBELTVET,

1 #include <stdio.h>

2 #include <stdlib.h>

3 #tinclude <math. h>

4 #include “sbm_lib. h"

5

6 int main() {

7 // Problem definition

8 int spin_num = 2000;

9

10 // Parameter setting

11 int step = 1000;

12 float ¢ = 0.5/sqrt (spin_num) ;

13 float dt = 1.25;

14 float alph = 1.0;

15 float beta = 1.0;

16

17 // Prepare J and spin pointer

18 float *J = (float*)malloc (spin_numkspin_numxsizeof (float)) ;
19 int xs = (intx)mal loc (spin_numxsizeof (int)) ;
20
21 // Load user data
22 FILE *fp = fopen(”../data/K2000 ISING_FORMAT. txt”, “r”);
23 unsigned int row, col;
24 float value;
25 while (fscanf (fp, “%d %d %f¥n”, &row, &col, &value) != EOF) {
26 J[ (row-1)*spin_num+col-1] =
27 J[(col-1)*spin_num+row-1] = value;
28 }
29 fclose (fp) ;
30
31 // Create FPGA and JOB handle
32 H_SBM_FPGA fh = sbm_setup_fpga (E_SBM_ALGO_C, spin_num,
33 E_SBM_DTYPE_INT2) ;
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34 H SBM_JOB job = sbm_create_ job (fh, spin_num, dJ, NULL

35 step, ¢, dt, alph, beta);
36

37 // Run JOB

38 sbm_job_log_t log = sbm_run_sync (job, s);

39 sbm_release_job (job) ;

40

41 // Dump output

42 printf ("FPGA exec time = % 9f / %.9f / %. 9f s¥n”

43 log. exec_timel, log.exec_time2, log.exec_time3);
44 printf ("resul t¥n————- ¥n");

45 for (unsigned int i=0; i<spin_num; i++) {

46 printf ("%, ”, slil);

47 }

48 printf ("¥n”) ;

49

50 free (J) ;

51 free(s) ;

52 }

BTN A-ROFEITHRERIUTOLICBOET,

INFO : Time of fpga setup: 0.093388775 s
FPGA exec time = 0.000330218 / 0.001371643 / 0.001693057 s
result

-1,-1, -1, 1, -1, 1,-1,-1,-1, 1,1, -1, 1,1, -1,-1,-1, 1, 1,1, 1,-1,-1,-1,1,1,-1,1, -
Ly -1 -11, -1, -1, 1,11, -1, -1, -1, 1,1, -1, -1, 1,1,

-1,-1,-1,1,-1,1,1,-1, 1,1
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6.2 3EEEREIOY>TII-R [C]

C A TINCELBIERARRL DY > TV - R T 5EICRUE T . FFRIEAZEITICES T, job[1]D FPGA
SEE:L55 & job[0]MfERH 11:L56 (A5 (RSN E S,

1 #include <stdio.h>

2 #include <stdlib.h>
3 #include <math. h>

4 #include “sbm_lib.h”

5

6 void dump_output (int spin_num, sbm_job _log t log, int *s) |

i printf ("FPGA exec time = % 9f / %. 9f / %. 9f s¥n”

8 log. exec_timel, log.exec_time2, log.exec_time3);
9 printf ("resul t¥n————- ¥n");

10 for (unsigned int i=0; i<spin_num; i++) {

11 printf (“%d, ”, slil);

12 }

13 printf ("¥n”);

14}

15

16 int main( {

17 // Problem definition

18 int spin_num = 2000;

19

20 // Parameter setting

21 int step[2] = {50, 1000} ;

22 float ¢ = 0.5/sqrt (spin_num) ;

23 float dt = 1.25;

24 float alph = 1.0;

25 float beta = 1.0;

26

27 // Prepare J and spin pointer

28 float *J = (float*)malloc (spin_numkspin_numxsizeof (float)) ;
29 int *s = (int®)mal loc (spin_numksizeof (int));
30
31 // Load user data
32 FILE *fp = fopen(”../data/K2000_ISING_FORMAT. txt”, “r”);
33 unsigned int row, col;
34 float value;
35 while (fscanf (fp, “%d %d %f¥n”, &row, &col, &value) != EOF) {
36 J[(row-1)*spin_num+col-1] =
37 J[(col-1)*spin_num+row-1] = value;
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38 }

39 fclose (fp) ;

40

41 // Prepare JOB

42 H_SBM_JOB job[2];

43

44 // Create FPGA and JOB handle

45 H_SBM_FPGA fh = sbm_setup_fpga (E_SBM_ALGO_C, spin_num,
46 E_SBM_DTYPE_INT2) ;

47 job[0] = sbm_create_job(fh, spin_num, J, NULL

48 step[0], ¢, dt, alph, beta);
49 job[1] = sbm_create_job (fh, spin_num, J, NULL

50 step[1], ¢, dt, alph, beta);
51

52 // Run JOB

53 sbm_job_log t log;

54 log = sbm_run_sync (job[0], s);

55 sbm_run_async (job[1]) ;

56 dump_output (spin_num, log, s);

57 log = sbm_get _result(job[1], s);

58 dump_output (spin_num, log, s);

59

60 sbm_release_job (job[0]) ;

61 sbm_release_job (job[1]) ;

62

63 free () ;

64 free(s) ;

65 }

BTN A-ROFEITHRERBIUTOLICBOET,
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INFO : Time of fpga_setup: 0.093725550 s
FPGA exec time = 0.000016511 / 0.001097057 / 0.001455275 s

o T O P O R O O R IR ) T O P T I O O IR O O
L,-1,1-1-1-11-1-1,-1,-1,-1,11-1,11,-1,1,-1,-1,-1,
1,1,-1,-1,1,11,

FPGA exec time = 0.000330218 / 0.001395172 / 0.001714849 s

L= -1 -1 10-1 10010101, -1, -1, 1,1, 1,1,-1,-1,-1,1,-1,1,-1, -
L-1,1-1-t000 -1 n0n0000-1,1,1,1,1,-1,-1, 1,1,

LL-11-11-1-11,-1,-1,1,-1,1,1-1,-1,1
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6.3 [EHEAROY>T)LI-R [Python]

Python 31J3V(C&BEEAE DY > T)L - R T RICRUET .

1 import pysbm

2 import pandas as pd

3 import numpy as np

4 import math

5

6 if _name__ == "_main__":

7 # Problem definition

8 spin_num = 2000

9

10 #t Parameter setting

11 step = 1000

12 ¢ = .5/math. sqrt (spin_num)

13 dt =1.25

14 alph =1.0

15 beta = 1.0

16

17 # Prepare J pointer

18 J = np. zeros ((spin_num, spin_num)).astype (np. float32)
19
20 # Load user data
21 filepath = '../data/K2000_ISING_FORMAT. txt’ ;
22 f = open(filepath)
23 lines = f.readlines()
24 f.close()
25 for line in lines:
26 Is = line.split(
27 row, col, val = int(Is[0])-1, int(Is[1])-1, float(Is[2])
28 J[row, col] = val
29 J[col, row] = val
30
31 # Create FPGA and JOB handle
32 fh = pysbm. setup_fpga (' SBM_ALGO_C', spin_num, 'SBM_DTYPE_INT2")
33 job = pysbm. create_job (fh, spin_num, J, None
34 step, ¢, dt, alph, beta)
35
36 # Run JOB
37 log, s = pysbm. run_sync (job)
38 pysbm. release_job (job)
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39

40 # Dump output

41 print ( FPGA exec time = {:.9f} / {:.9f} / {:.9f} ¢

42 .format (log. exec_timel, log. exec_time2, log.exec_time3))
43 print ( resul t¥n-—— ")

44 for i in range(0, spin_num):

45 print( {:d},’. format(s[i]), end="")

46 print (")

BN I- ROFTHRREUTOLSTIDET,

INFO : Time of fpga setup: 0.094472940 s
FPGA exec time = 0.000330218 / 0.001395735 / 0.001717619 s

-1, -1,-1,1,-1,1, -1, -1, -1, 1, 1,-1, 1, 1,-1,-1,-1, 1,1, 1,1,-1,-1,-1,1,1,-1, 1, -
1,1,1,1,1

I T I O R O O T R O P O

6.4 JERHEAELDOY>T)LI—-R [Python]

Python 31 73UIC&BIFRAERELDY> T)L I~ RE T REICRUE T . FFRIEAEITICEO T, job[1]D
FPGA JEE:L51 & job[O]DFERE S :L52 (FiAEH (ALEENET
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O Jd o 1B Wi =

SPEAE PR D WO WWWWWWWWWNDNDNMNPNDMNNMNDNNNDN—=EE =S L =
WNN O OO0, WN—-—TOQOQOOJIOOO P WN—-—OCOCOOJdJOo G bdwWwN—= O ©

import pysbm

import pandas as pd
import numpy as np
import math

def dump_output (spin_num, log, s):
print ( FPGA exec time = {:.9f} / {:.9f} / {:.9f} ¢
.format (log. exec_timel, log. exec_time2, log.exec_time3))
print (' result¥n——m--- ")
for i in range(0, spin_num):
print( {:d}, . format(s[i]), end="")
print( ")

if _name__ == "__main__":
# Problem definition
spin_num = 2000

# Parameter setting

step = [50, 1000]

¢ = .5/math. sqrt (spin_num)
dt = 1.25

alph =1.0

beta = 1.0

# Prepare J pointer
J = np. zeros ((spin_num, spin_num)).astype (np. float32)

# Load user data
filepath = '../data/K2000_ISING_FORMAT. txt’ ;
f = open(filepath)
lines = f.readlines()
f.close()
for line in lines:
Is = line.split()
row, col, val = int(Is[0])-1, int(Is[1])-1, float(Is[2])
J[row, col] = val
J[col, row] = val

# Prepare JOB
job = [0] * 2;

# Create FPGA and JOB handle
fh = pysbm. setup_fpga (" SBM_ALGO_C', spin_num, 'SBM_DTYPE_INT2")
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44 job[0] = pysbm. create_job (fh, spin_num, J, None,

45 step[0], ¢, dt, alph, beta)
46 job[1] = pysbm. create job(fh, spin_num, J, None

47 step[1], ¢, dt, alph, beta)
48

49 # Run JOB

50 log, s = pysbm. run_sync (job[0])

51 pysbm. run_async (job[1])

52 dump_output (spin_num, log, s)

53 log, s = pysbm. get_result(job[1])

54 dump_output (spin_num, log, s)

55

56 pysbm. release_job (job[0])

57 pysbm. release_job (job[1])

BN I- ROFTHREREU T OLSTIDET,

INFO : Time of fpga_setup: 0.097289678 s
FPGA exec time = 0.000016511 / 0.001059504 / 0.001434496 s
result

- -1 -0 -1 -1 -1 -1, -1, -1, -1, -1, 1, -1, -1, 1, -1, -

1,-1,1,-1,-1,-1,1,

-1,-1,-1,-1,-1,1,-1,-1,1,1,1,
FPGA exec time = 0.000330218 / 0.001399860 / 0.001764015 s

L= -1 -1 10-10 10010101, -1, -1, 1,1, 1,1,-1,-1,-1,1,-1,1,-1, -

L= -1-110 00 -1, 1010101111, -1, 101

001010111, -1,1,1, -1, -1,
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HR/E

YIPLRATHA>F1—-NI7IL

/7.1

(FUSIC

AKETE VIFPLOATHAL > #SBULDD. RERMNRI—H—7 )5 —332(CH113 SBM ODFEHAH
FEEBNUFET  ZMRHITRUT7L VAT A I TFEEOEHBN T,

ZFR BEHR | B
NIWFATZ1I MOT | UZIZA LRIBOF, V751 LMLIBOSRETHDENE S
Nowt> 4 MIBAEIFREL . BNERIIZDHRF & FPS(Frame Per
Sec)zHEEURHS FPGA IR SBM HUZ A1 LILBTES
CEERY  BNEHGAIR 7T —23>E0TIE. MOT (Multi
Object Tracking)%z5|FHU. MOT ALIBO—ERCFTET D
HEtRECREERANYF > RE)(C SBM Zi#EA T 3.
1>49597 17 E] TSP | 129539717 F7IVDH . 15 —1(E(BIBIKIR) (S0
- ANYREIEVILN AVASITA D (IEERRICET BLITO YR ZRT
(CLI kfénb) 7V —33>, NP-hard ORFRNRESERECEET
53 TSP (MEIT—)VAY M) 2 5RETS.
RAMIIESHRE MIS | BEAN-LAT—50EBOH, SVERMENHDRNS NP-
VILIX hard THD. BIFVILNTARUREIREZ SR CIRZ BN
(CLI k&D) Jz MIS (Maximum Independent Set)fS@E%. SiakE -
EIR(CFRTREETRT .

BABE. A TIE_EEE"BIR ORDDIC, "B DA ER T DIEENHDDET

4 (ZVTPLYATHA>(MOT, TSP, MIS)HEDY T MIT7EAMEE (Structure) 2 ~UET .

4: YTPLIAFHA S EEEDYT NIT PSS

View,

8 Operate

User

GUI

Graph, Matrix, etc..

(depend on the problem) J, h,

params

spins |:|

SBM
ATV

solved answer

HEEmiElt
VIZA

AL D B
XAVE
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SBM (& J 175E h RONVEADETRIAS I VIVINITT . SBM ZFIFHT 2fes(l(E, 7TUT—
ATH AT EHFEDERE{CREZA S IBRBICERILLET . £z, SBM HEHUAR(X
EIREEDEAENE) N, TOEHEDERECREREO I Z M2 I NEN 2RI IIHED
HOET ., KETIE. COECRIBEHIFIR G FTvIDUIRZIBLE T2 ED 1- )z fHEEREIL
YIVIVIEMUET , & fAEERELYIVUNO 7TV — 230 AR ZIBS TS 1)V 2615
U7V =332 A V8B JEERCEICLET . MOT, TSP, MIS (W\WINEISI4HI1-H—A
>A71-ZAIGUIZ@EZTVEIH, TSP & MIS (CDWT(E GUI RUTEMETS CLI(Command
Line Interface)iREAAEULTVET,

BTHLY BES1-NE2TNTNERZTOI SV EETHRETUTVWET, D 1-)LERETSED
SSEMRICDOVTIE FREZSBL TUZEL, SBM (CDWT(E. C/C++hR API & Python kX API %
BAEUTVWEIH, SEHRMHITZVIFLOATHLEWINE C/C++hR API ZERALTVET,

77V 45— 3y ([HHEEREL
GUI 7 2 3 Ha ’331_1 SBM
XA ER VA A
MOT Python (*2) Python C/C++ (*1)
|CLI N/A C/C++ C/C++
TSP JavaScript
avaserip Python C/C++ (*1) | C/C++
Python (*3)
SBM API
lcLi |n/A
MIS JavaScript Python C/C++ (*1)
Python (*3)

(*1) C/C++TRIRUIAAEETRBEYINEI1FTZVI)I54T3)(*.50)ELTEIVR, C/C++3514T50%0
—R&wrap U. Python J—RNSFIATES. BEERE{CVIVIER® Python MIF function ZFE

(*2) GUI JL—AT—4EUTIE. PySimpleGUI., OpenCV %{FH

(*3) GUI [&. Web 7UELTERER, Web 7UJL—LT—4EULT Responder %{EH
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ZNENDUIFPL AT YA FEEDBFRICIFELE S,

MOT: $examples/mot

TSP: $examples/tsp (CLI $&U GUI EIFES 1))
MIS: $examples/mis (CLI H&LU GUI mIFES1-)L)
TSP & MIS 0@ GUI IRIR: $examples/gui_server
ARE(CBIFBFREC$examples FUI7LOATHL1>DMNIFLINM%ZIBL. 2.3.1 THREUE
$SBM_HOME %zf\\%¢$SBM_HOME/examples ((ZEHUET . EBIGURIBZEEELT
RIELIZEWV, AT (& Bash 1)L B ORIBZHERTERI T,

$ export examples=${SBM_HOME}/examples

Python IRIZICOWT

AF1—BM7)LE, Python3.6 IRIEZXTRELTVET  BFOFHRBAICHVTIE. Python (3 XF A
(A >AR=ILEnsz Python(python3)ZEAU. pip(pip3)Ic&d9MEB/\Wwr— D1 > A M=)L5E
(FI1-HY-FT1LI NN THB(--user AT AAFTE)EZFHR () ICEITHERUET . £z, REIU
BROFIEZEDDHIC. LITFOLIC pip D7YTTL—REITIEZHRLFET,

$ pip3 install -U pip --user

(3¢) 1-HY—-0 Pyhon RIENKENHREERDSEE. UEOHIAX (31 -F-RIBCEDEER
AR TR,
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7.2  RNFATSIIRNIYFST

7.2.1 Hi&

MOT (Multi Object Tracking) (&. BIEROEEHOYIAEEZZNENXFILEHNS HEFELT) B
IR 25T o IBEIIRN AV I THIEE L. ENEIL—LADFHSI A IOFFEZL. ID OF|
DL TEITVETS, ZTTl MOT 7ILIUXLELTEBIEFLTHS SORT*2FIAL. Z0DEEER
EERIESRC SBM ZEAULEYS , A7TT—23> Tl GitHub TABIENTWLS Python 29U
N% SORT £21-)LELTERLET.

5: MOT A X—>

Multi Object Tracking with FPGA-SBM

FPGA-58M 2D-MOT Demo Application

(21, 22)

(x=952, v=164) ~ R:157 6:152 B:151

7.2.2 ZEMISIERANYFIIERE

MOT (SORT) (£33 1 IL—LBIDDORMILIBEIAEEATO 2 BICHFETEET.

A. ATSTHMEE (+3258. (IEHER)
B. ’wt>J(RHEEHFATSII MO ID EIDZHT)

2 Alex Bewley, Zongyuan Ge, Lionel Ott, Fabio Ramos, Ben Upcroft, Simple Online and
Realtime Tracking, https://arxiv.org/abs/1602.00763

3 https://github.com/abewley/sort
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ZZT. B O Ny |0—BRAER (G, —8) S TRANYF I RIBEETEEN2EAFEhEmiEL
RIEELIEEINTE T AT A TlE, COFENDTRBE(LREIEE. 1> BEICERILLT SBM
THREET,

6: MOT 1B ERCES ERELRHE

Object Detection (It's not in the scope of this program)

Maximum Bipartite

Matching Problem |Sing Problem
7.2.3 JpAIAERK
BEET 71 )L ($examples Em DN/ VAR ) 2FIZEUET .
FT1LIN) Tr1I% e
mot mot.py T Ir—23>44> Python 9Tk
mot mbmsbm.py BAYFIRIREVILID Python wrapper
mot mkvideo.sh KRFENB D71 I DERRAIUT S
mot/mbmsbmlib | mbmsbm.cpp BRANYFIRIREYILND C++3REE
mot/mbmsbmlib | Makefile mbmsbm.cpp H*5
H£551735Y mbmsbmlib.so %
R T 216D Makefile
mot requirements.txt | Python €21—JLJX K

BRENBIRMT B EERITAIVINC, Ty MBI B EICIRDFT ORETTERA) .
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7.2.4 FEITRIEO%(R

Python /\Wo— D4 > A=)

AT YA EITICHETR Python /W -S4 ZAM=)ILUET .

$ pip3 install -r requirements.txt --user

SORT XHOVUT hD#E4i

ATHADTERTS SORT VUMD 0—R(git clone)u. ATHA > TEMWERESBN TE TS
A2y ReFIVIT7IRUET, FEEEITICE git MR ETI(FRIIC git ZSATAICAVARIWULTLE
W),

$ cd $examples/mot

$ git clone https://github.com/abewley/sort.git sort

$ cd sort

$ git checkout bce9f0d1fc8fb5f45bf7084130248561a3d42f31

Ty b O%EESE

AFHA 2, NHT—7y~'MOT Challenge” (https://motchallenge.net/)D>5, MOT17
DO—EPZ(ERALET .

1.99>0-RK

https://motchallenge.net/data/MOT17/

— Download, Get all data (5.5GB) : https://motchallenge.net/data/MOT17.zip

HS MOT17.zip 290> 0—-RU. zip BBRUIOGEHBT(LINICERULET . KIEHBEDR
. CORRKETLINID/ 2% <MOT17 directory>¢R2UFET,

2.5 NIV IVUSIDER
TN T B DRI IS IR AERLET
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$ cd $examples/mot
$ In -s <MOT17 directory> ./

3. BNET71IVER

MOT 47717 N T T mkvideo.sh ZZFE4TU. jpg I7/IUMSEIED 71/ IL(*.mp4) AR UE
9, RAIVTREITICE ffmpeg MAE T Y (FHIIC ffmpeg S XTAICA Y AR=LLTLEEW),

$ cd $examples/mot
$ ./mkvideo.sh

J0J5L0EIR

ATHA> TR HBAPEDERBEIEVINZ C/C++TEELTVET, AHEDERBEIEVILNIE,
Python ZVUTMEITRFCHMF 2OV 054 T3)ELTO- RENFI N, FAICEINRFIBETT,

$ cd $examples/mot/mbmsbmlib

$ make
7K operation (C&D. $examples/mot/mbmsbmlib/LA T (C libmbmsbm.so iMERENET

7.2.5 FETHE

HRITFIEZRLET .

$ cd $examples/mot

$ python3 mot.py
5 D&, 2 DDV RONEEEILET  ZERIDD1> RUTIE, hvF I iEReEEULEIEZ
RUET . BRIOD1> RO(“HIFHID 1> RO"EFUET)(E. BIES—T > ADLIDE X #EEED, FPS
(Frame Per Second)ZiheziR it UET,

4 & 5Tl AiIfgEIL—LA 10U BOSJAYYF O IERGIBEEINTOEI N, IBEON -S> TRA
BERE(FBIEL FE A("Show 10U Matrix" FIyImy) A BERENMER) . AHEREZBRNICT B(C(E.
sort/sort.py & mot.py D—EBHRENNE TI (RSB TEERUFEA).
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T IR mot.py ZRITURLA—-ZFILT Ctrl + C"ZH TN HiED> RoH L&D X"

ZRTULTE0,

7.2.6 fEER

MOT 7 —2 3> DABI0-EER%ER 7 (RUET . T

- mot.py A E

- process_tracking #LiE
- SBM (A& &E LALIE

O 3IEET. TOEREASZHRALTY .

B 7 : MOT 77U5—33 887081

! main |

i TOURAER e rocess_trackin |

I S ! P J ;

i ‘ infinite loop ° !

i infinite loop i

i cmd [START] !

i = A6 | sort/sort.py
i sequence loop = WAIT [START] E

i HIHAESTE i_{ | class Sort():

; 4L Sort{>Z5> =~ [ 11 = 0

! — mot_tracker i UL

! sequence loop | )

i sequence Ioop’ ﬁ p

, == | | .. | linear_assignmient()
; detectionsHY{S |/ / i

i 7 : /
i y i

| mot_tracke;./ i SBMiESE
! update i =i N

| Lt paate 5 mBtLe
; WAIT hovh> s o LACK] R 2

i SEND ACK - ¥ WAIT [ACK or EOS] |

i oy B A i

i ETALIE i

i GuIdLIZ

| cmd [EOS] i

i (end of sequence) !

i sequencef& T 4LIE i
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1. mot.py &AMEIE

MOT 77UT -3 (3 RE 2 DOTOCRATHERENE S, 1 DB main JOEXT, 2 DB
process_tracking JOtXT9, main JOtR(E. E(CEFTAUWIRE(TL—LDO-R, hvF>d
ERZIL—AICES. ETAHDUIR)E GUI YUE, BLUTOT S LAEROIRREEIEZIEHEUET .
—7. process_tracking 7O (& MOT OEHMEETH D MvE > JIB#IBLLET,

main JOtX (3. ZOVHBERPET FEEDLS(C process_tracking JOT 4R ULET .

mot. py
9 import multiprocessing as mp
HhE&
127 # Queues for communication between main and tracking process
128 g_cmd = mp. Queue ()
129 o_track = mp. Queue ()

130
131 # Launch sub process for tracking
132 p = mp. Process (target=process_tracking, args=(g_cmd, q_track))

133 p.start ()

main JOt A& process_tracking 7O (3. £ERICRT 2 D0 Queue U THEBEELE
9, CZT. g_cmd (& main JOEZH5 process_tracking 7Ot A75E. q_track (&3 75ME0
BIE(fERUE I (process_tracking W T(EZNZEN g_in. g_out ERBENET),

main JOT A (3. process_tracking 7O A4, GUI TIEESNIZ sequence(—DNDEN
BZiER I 2L — LABEIROES) &V, sequence BB DYIRAEREZITVET . 2D, #EIREN
Jz sequence D2 THDIL—AICHUT, ETFATL—AO—-RHMSEF AR EF TO—EDE T AULIE%
EMLEI (sequence loop). ZDIBIET. process_trakcking TtEINE MNyF > J5ER%
g_track #REATREL. HEDJL—AMOEEZITVET . £z, 1 JU—LAEAIT GUI PP AFAIK
REZTESRL. WEIIISU sequence YINEBZ 0 TDIS LR T OHEZLET .

2. process_tracking 412

BUFI(C, process_tracking JOTAD Python E&E%2RUET,

mot. py
6 import sort.sort as sort

B
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45 def process_tracking(g_in, q_out):

46 Tz

47 Main tracking procedure

48 This function should be run on another process from main
49 g_in: Queue for commands to this process

50 g_out: Queue for output data of tracking result
51 Pyt

52

53 while True:

54

55 # Wait for 'start’ command, and get 'seq_dets
56 while True:

57 idata = q_in. get()

58 if idata[0] == 'start’:

59 seq_dets = idata[l]

60 break

61

62 # Instantiate Sort object as mot_tracker

63 mot_tracker = sort. Sort()

64 sort. KalmanBoxTracker. count = 0

65

66 for frame in range (int(seq_dets[:,0].max())):
67 frame += 1

68

69 dets = seq_dets[seq_dets[:, 0]==frame, 2:7]
70 dets[:, 2:4] += dets[:,0:2]

71

12 trackers = mot_tracker. update (dets)

73

74 g_out. put ([trackers, None])

75

76 idata = q_in.get() # wait ack

11 if idata[0] == "end :

18 break

K7 TVr—23>TE 7.2.4 T1-H-H499>0- K93 sort/sort.py % import(L6)L. HEPED
1-)LEUTHIARLET,

main JOTATHIR sequence WHEIRETNZEIC, ‘start’ IV ReEBIC sequence ADE
bounding box [E#k(seq_dets)H g_in ([A&INENE T, INSDIEHRZSIA&. sort.py ATIE
F=3N3 Sort Y5 ADATS1I MNeA > A5 24k (mot_tracker)U. sequence loop (CADFEY,

sequence loop T, H%IL—LAES(CHBIFB1EEIEHR(bounding boxes)ZESU(dets).
Sort A7 15 M mot_tracker)® update()ZFUH T LT, MvF I JIBERITUET, MY
FRITHER (trackers)(d g_out 277U T main JOTRICELET.
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3. SBM tHEE FuE bALIE

Sort 750 update( ) NDIIBO—EREL T, SIS ERE(ERIETHZ 2B 5 TRARYF IR
BEFRTOTANGD. AV FILD sort.py Tld. linear_assignment()BEEHcnICHEZHLETD .
A MOT #IT(Z. linear_assignment()DAANONIC SBM TREUR S S TRARYFIEIEY
W\ ZEALET, TR

A.SBM (CLB BRI STBRANYTF I RIEYVIVIN(C++ )2 REIBFIE

B. A ®YJL\% Python NSIFUH I FIE

C.linear_assignment()DAANDIC B OVILN\ %IV T FIE

DIETEEERLET

A.SBM [C&B=BBISTIRANYF L IBRBEYIIN(C++)EREITSIFIR
mbmsbmlib/mbmsbm.cpp M5—&B kAU TERBALE T

RS ZEBISTRANYF I A D) e B0 BERZ BRI OEER 2. —DDI5R
(MaximuBipartileMatching)¢é UTEEUE I (T L EER).

mbmsbm | ib/mbmsbm. cpp

23 class MaximumBipartiteMatching{

24 private:

25 int n1, n2, n_min;

26 float *wm, *Q;

27 float *wm_norm = NULL;

28

29 public:

30 int N;

31 float *J, *h;

32

______________ q:mg —

87 /*%

88 * Formulate MBM(weight:n1#n2) to Q(N*N), w/ constraint coeff A
89 */

90 void formulate_mbm2qubo (float *weight, float A, float B) {
______________ qjm% —

160 }

161

162 /Hk

163 * Convert format from QUBO(Q) to Ising(dJ, h)
164 */

165 void qubo2ising() {

71



Rev. 1.1

166
167
168
169
170
171
172
173
174
175
176
1717
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212 };

for (int i=0;i<N;i++) {
JINxi+i] = 0;
h[i]l = 0. 5%Q[Nxi+i];
for (int j=0; j<N; j++) {
if(jl=i){
JINxi+j] = 0. 5%Q[N*i+j];
hli] += 0. 5%Q[N*i+j];

/%

* Generate Ising input data

*/

void generate_ising(float A, float B, bool norm=false) {

i f (norm) {

normal ize_wm() ;

formulate_mbm2qubo (wn_norm, A, B): // wm_norm —> Q
lelse

formulate_mbm2qubo (wm, A, B); // wm —> Q
}

qubo2ising(); // Q => J,h
]

/%
* Convert spin data to MBM answer
*/

int conv_spin2answer (int *s, int *ans) {

int cnt = 0;
for (int i=0; i<n1; i++) {
for (int j=0; j<n2; j++) {
if(s[i*n2+j] > 0) {
if(cnt >= n_min) {
return 1;
}

ans [cnt*2]
ans [cnt*x2+1]
cnt++;
//printf (" Cd %d)¥n”, i, j);

I
Ik

}
}

return 0;

J

AREEHITE, oOEEERE(EREIRE(origina) h51 DI R (ising) ADER{L%Z. QUBO
ez RIREEEL T original=QUBO. QUBO—ising D&L3(C 2 ERPETITLE D,
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formulate_mbm2qubo()[L90]N ;tDBEERE/CE-ENS QUBO FERNADER{LZ
REIZEECTI ., CCTEITTNEHT5I(Wm[L26] or wm_norm[L27])H% QUBO
TH(QIL26DN\DE#ZITVE T,

qubo2ising()[L165](&. QUBO FZNS SBM MRz 21 S FERNADE % KRS 2048
TY, ZZT QUBO 1751(QIL261)M5 1 175I(I[L31]). h AT NL(h[L31DADZEHaZITVE
g_o

generate_ising()[L181](Z. EE_ELRARUISY/BEET. AT
formulate_mbm2qubo()& qubo2ising() 2N UET .

conv_spin2answer()[L194](&. 1S I VINDEETHZAES A NUERN S B 5 T&%
KXYF I ERENE KT DR RNO I TIMEETT . ICTIE £1 0 2 [BEEZRET DAL
RINL(S[L194)DS. XyF (LD 1 37 1 THIST 3./— RO (AN, Bn)ZEXE) _ETEs:
BoiE I AN CTEHILEF T,

IRIC, —3ED SBM API (L&D SBM A SO YILIADTH AMkEeEF DIz 1—T1UT (B2
sbm_ising_solver()(X)zxR&UFY,

mbmsbm| i b/mbmsbm. cpp
8 #include “sbm_lib.h”
el
13 #define NSPIN 2048
14
15 // Global variables
16 static H_SBM_FPGA fh = NULL;
17 static H_SBM_JOB fjob = NULL;
18 static int s[NSPIN];

el
214 /%
215 * SBM Ising solver
216 */

217 extern “C” void sbm_ising_solver (int N, float *J, float *h, int Ncycle, float

C,
218 float dt, int *s) {

219

220 sbm_set_random_seed (1) ;

221

222 if (fjob 1= NULL) {

223 sbm_set_data(fjob, N, J, h, Necycle, ¢, dt, 1.0, 1.0);
224 lelse
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225 fh = sbm_setup_fpga (E_SBM_ALGO_B, NSPIN, E_SBM_DTYPE_FP32) ;
226 fjob = sbm_create_job (fh, N, J, h, Ncycle, ¢, dt, 1.0, 1.0);
227 }

228 sbm_run_sync (f job, s);

229 }

ARBEEL. FIEIMFEUH UBRSFIC sbm_setup_fpga()(c&h FPGA J\> RIL(Ffh[L16]).
sbm_create_job()(C&D 1 DD37(fjob[L17])Z/ERL. 2 BBMBEOFEFHUICKHULT
(FVERGEHDT3T (fjob) (L sbm_set_data() T/\SA—F&EEITVET,

S3TE&E®E. sbm_run_sync()(CEDEIHAETMTON. B3 s [CARMMEMENET,

(3)AHITE. sbm_ising_solver()D&SRI1—-F/UT1BEEERARELELED . £TOT7 VT —
AV TRECRBINIITEHDFE A

B#&(C. Python ZOUTMAIEDA > A T1—AERZBEIE mbmsbm() 2E&EUEY.

mbmsbm| i b/mbmsbm. cpp

231 /%

232 * SBM MBM solver

233 */

234 extern “C” void mbmsbm(const int nl1, const int n2, float *wm, int Ncycle
235 float ¢, float dt, int *ans) {

236

231 MaximumBipartiteMatching mbm = MaximumBipartiteMatching(n1, n2, wm);
238 mbm. generate_ising (0.5, 0.5, false);

239

240 sbm_ising_solver (mbm. N, mbm.J, mbm.h, Ncycle, ¢, dt, s);
241 mbm. conv_spin2answer (s, ans) ;

242 }

ARIETE. ZBISTEHMTINDAN A ITHRNADERL - SBM A SIS > DFEIT -
FROEE . FTO—EDIO-Z, INFTHIAL TERIREFEOTRELTVET,

Python BIT(ECD mbmsbm() O#H=FERLEY,

mbmsbmlib/Makefile Z{£>T mbmsbmlib/mbmsbm.cpp 2L RF 3L, H4F399U> 054
73Y mbmsbmlib/libmbmsbm.so HERkENE T .

B. A DY)L\% Python h5EEUH T FIRE
CZTlE mbmsbm.py(mbmsbm £21—JL)AT. Python iR mbmsbm B#izE&ELE T
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mbmsbm. py

1 import numpy as np

2 import numpy.ctypeslib as npct
from ctypes import *

lib = npct. load_| ibrary (' | ibmbmsbm. so’, . /mbmsbmlib’)
¢_afl = npct. ndpointer (dtype=np. float32, ndim=1, flags="C_CONTIGUOUS")
c_ail = npct. ndpointer (dtype=np. int32, ndim=1, flags="C_CONTIGUOUS")

O© 0 ~JO O1 &~ W

[ ib. momsbm. argtypes = [c_int, c_int, c_afl, c_int, c_float, c_float, c_aill
10 lib. mbmsbm. restype = None

11

12 def mbmsbm(wm, Ncycle, ¢, dt):

13 n1,n2 = wm. shape[0], wm. shape[1]

14 nmin = min(n1, n2)

15 ans = np. zeros (nmin*2, dtype=np. int32)

16 |ib.mbmsbm(n1, n2, wm.flatten().astype(np. float32), Ncycle, ¢, dt, ans)
17  return ans. reshape ([nmin, 2])

R, lib AT N A TYERR U1 3299024954735 (libmbmsbm.so)z0—RU.
lib.mbmsbm D5 |#EERMEDEIZIETFELFI[L5-L10].

R(Z. lib.mbmsbm %#5vyJ9% python B mbmsbm()[L12-L17]2E&LFI . CCT
(. python BI& lib.mbmsbm O TF —4RIDESHESHERNS lib.mbmsbm ZIEUH,
FLIERELFET,

C. linear_assignment()DHv(C B OYVILINZFEV T FIE

CC Tl AVSFILD sort.py HI(CEEREN. Sort.update( ) TH(EN S linear_assignment()
BRI DOARNDIC SBM TEREUVEVINEZFUH I 5EZRUET,

mot. py

6 import sort.sort as sort
7 import mbmsbm

R
17 def sbm_mbm_solver (iou_matrix) :
18 e
19 Alternative function to sort. |inear_assignment
20 (Wrapper of mbmsbm. mbmsbm)
91 ol
22 return mbmsbm. mbmsbm (—iou_matrix, 1000, 0.4, 0.4)
23

24 sort. linear_assignment = sbm_mbm_solver;
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B sort E21—JLE mbmsbm £21—)L% import U9 (L6-L7).

AUSFILD linear_assignment () B EEEDS | £8/1RDEZIF D L5732 mbmsbm()BdEX
D3v) (B sbm_mbm_solver()zE&LEI(L17-L22),

sort.linear_assignment OZ885c% sbm_mbm_solver T EE&ZUFF(L24).

CNIZED. linear_assignment()EEMIFEN 2513 T, linear_assignment()DANODIC
sbm_mbm_solver()BIEHIEEFNE T,
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7.3 A2H3074TMET -V REEYVILN

7.3.1 Hi&

TSP (Traveling Salesman Problem) (3. #OESEE 2 #HEIOEBNSISNIES,
2TOEM%Z 1 EIDHNIOX THFEMICR M EIREDSSHREEREN SR/ THh 21X EEERDHD. £L)
SRFHNRIBAAEDERBEBIETT . AT HA (3. Dantzigd2 &LV 42 EmzEIRICUTIE—HR
BN FIY—IEEEENR—(C, GUI IM501-H—1REICL R B HIBOBEREICHL>957
T4 R ERITI LD TEZ T IV —2a> TS LOERFI T, GUL AR XL,
1Y 1RE(XVACLZEAMIBO RSYI ROV ) A X% ZNENK 8. K 9 (CRUET.

8 : TSP GUI £ X—2

Simulated Bifurcation Machine™  Travelling Salesman Problem
TSP:Location of Cities & Tour founded by SBM Tour distances for SBM trials

Reset to Dantzigd? Start forDanteiga .
(Benchmark)

1
O 2 TIRER VY

2625

20 27 230

28 3
32

(a)9BZTIRTFZ v (b) FAYyZTYN—F
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SBM TSP VIL\B LU CLI MRICESET 2771 )L ($examples Em DB/ (AR ) Z2HZHEUET,

T1LIN) T4 ES

tsp main.cpp TSP YLD C++38%E

tsp Makefile main.cpp NSRS R70-BETI7AIIL
tspd2.elf ¢4 FZvHOU>054T 3
libsbmtsp42.so 24 Rk 512D Makefile

tsp format_dantzig42.py dantzig42.tsp H'5 dantzig42.txt (tsp42.elf

T AHBIRERAZ) 24K TS Python AJY
Tk

GUI IRDBHET 7 INIZETHDID. EBREDDEIEDH%Z T ielorUET « E(HU
gui_server L FOI7A I 2S8BZa 0,

TN TV S

gui_server run.py GUI H—/\-E47R9UT~

gui_server requirements.txt | Python €21—-JLUX L

gui_server/py *.py GUI hik TSP-MIS B&:i&E Python J71)L
gui_server/static *.js GUI hix TSP-MIS B:& JavaScript J71)L

7.3.3 FETIRIEQO#fH (CLI - GUI hixttiE)

Ty b D%EESE

KA LSBT -5y Dantziga2"zERLEY . BEC [2.3.2 2IiJ0J54] (P.18)
ZRITBAOBE . RERT —HFEMTETVET, FEROT —INMFEI DI EZEERL TS,

BUFELRUNE [2.3.2

207541 (P.18) OFIEZEMEIZEV,

FT4LIN)

Jr1IV%4

$examples/tsp

dantzig42.txt. dantzig42.tsp

$examples/gui_server/data

dantzig42.tsp
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J0J35L0EIR

C/C++TEREIN CLI RELY GUI ikmIFD SBM-TSP YILNZEIL RUET .

$ cd $examples/tsp

$ make

ZNIZED. $examples/tsp LATF(C tsp42.elf (CLI ix3E4T7771)). libsbmtsp42.so
(GUI WREIFAAFZVIV 54T IV IR ENE T,

7.3.4 EITIRIEO#E (GUI ArET)

Python /\ws— D> XM=l

AFYAOERITCHER Python /W —SZA > ZAM=ILUET .

$ cd $examples/gui_server

$ pip3 install -r requirements.txt --user

Node.js & Yarn D14 >A~=)l

AT DORIT-BLILRC(E Node.js(HE:RF/—23>:12.18.4) ¢ Yarn(FERF/(—>3
>:1.22.5)MAETT . LTFICENSDA VAN RUET .

# A-N-1-YTOERTZHRLFT

$ su

$ curl --silent --location https://dl.yarnpkg.com/rpm/yarn.repo | tee
/etc/yum.repos.d/yarn.repo

# Node.js 12.x TDA>AM=)

$ curl --silent --location https://rpm.nodesource.com/setup_12.x | bash -
$ yum clean all

$ yum install nodejs

# Yarn DA A=)

$ yum install yarn
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javascript \wT—>04 > A M=)

AIEND Node.js. Yarn D> A b=l 2&FF Rz LT FERZEITLTILE,

$ cd $examples/gui_server
$ yarn install

$ yarn build

MIS VILI\SLTSUDE)L R

IRTED GUI E4TTOTSA(E EMEXERA TSP-MIS (TK5F MIS VILIDF1 TSV %ERLE
T, HENUS 7.4.4 DI TOJTSLDEIL R IZEREL TUIZEW,

7.3.5 FE1THE

CLI hix

TSP42 #imifilE dantzig42 Z. SBM THEEF 9. SBM BIERAFE T EEDEHBD T,
SBM 7)LJUX s: E_SBM_ALGO_B
J475%EE: E_SBM_DTYPE_FP32
[step, ¢, dt, alph, beta]: 1000, 0.5, 0.1, 0.5, 2.0
L EEERTET 200 EZETL. BRI M 2B I BROI5TDER/MEREE KR E L - MRRUET,

$ cd $examples/tsp
$ ./tsp42.elf
EITHERE T ERDLICRDFET,

INFO : Time of fpga_setup: 0.150052986 s

minimum distance: 704.00

The route is as follows
[1615141312111098765423014140393837 3635343332
3130292827 26252423222120191817]
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GUI hix

GUI hR(Z. GUI LTI ST RFERLET . £9. Fie0L3(C run.py 23170, O-HILH—-)\%
EHLET,

$ cd $examples/gui_server

$ python3 run.py

[EE(CEEgENDE, FERDLICA>VY—IUC URL iRRENET,

INFO: Started server process [6933]

INFO: Uvicorn running on http://127.0.0.1:5042 (Press CTRL+C to quit)
INFO: Waiting for application startup.

INFO: Application startup complete.

FEEDIBE. IS5 Tl http://127.0.0.1:5042/tsp | (L7 EALTLIEE W, IEEEELTVS
BEE. B 8 OLIREEHIRRENET,

CCTC(E. TSP GUI EIEICDWTK] 10 #&BRURNSEHALETD .

10 : TSP GUI EEIEEZRAA

Simulated Bifurcation Machine™  Travelling Salesman Problem
TSP:Location of Cities & Tour founded by ! Tour distances for SBM trials
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© [AVEE] HHORBELRIEZEIRUETS , YIAORIYIJROVI TEREHOAEEZZE
BEIRENTEFT, HHAIEZFE TEEULIROFEH LGN " Auto Run Mode " i F1vy
JIRRE(CLDERDFT,

@ [Start R9>] AR EBIRESNTLVRWEE(Gray T373< Blue &4KER). #1793
CETHRRISREERBIIALE T . (TJOU S LNVIERIREE[ Dantzig42 BLE N EITRULNTRY
SOINHERRDFT)

® [Reset to Dantzig42 RY>] FHTEHHECEZZEEULE. AN ZIHTIBIET
FHAIRAE[ Dantzig42 BL&E](CRI ZENTEFT,

@ [E/MEREIRHR] &/)\IEREIEIRZCC(CEMLET.

® [Auto Run Mode FIVIRAI>Y] ARIHFIVISNTVWSIBEX. OTEHECEZ RS
vJU. FOYITURERCEENCRIBRRZRIELET . FIVISNTURWMSEE, Q0
Start W92 2 T I2F CRIBIRRZMIBULER A

® [FHEHB] tMNESREGLEEZERTEXT,

@ [RITTLOIERBERIST] SEFATH(ROBER 250)(CKU. B TE(RKO
1BAF 25)(CRYID. BB EITORM TOP@DIEREZEHLFT . COTFTTIIETOH
ITIOOVWTE TISANILEERHERZIRRRRUET .

{BIETZIHEE. run.py ZETUEID Y- Z2BE Ctri+ClZ2# T U TREL,

7.3.6 fEER

SBM TSP YJLINDEx=

GUI MR C{ERY 3 SBM TSP VL%, tsp/main.cpp TEEUTVWEY, CITE FERB 2D
DORFIETOVTHRINTUET .

$examples/tsp/main. cpp

213 /**

214 * Setup SBM TSP solver with the problem defined by fn_tsp (TYPE2 TSP file)
215 */

216 extern “C” void sbm_tsp_setup(const char *fn_tsp, int Ncycle, float ¢, float
dt,

217 float alph, float beta) {
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218

219 load_tsp (fn_tsp) ;

220 formulate_tsp2qubo (distmap_norm, Q);
221 qubo2ising @, J, h);

222

223 sbm_set_random_seed (18) ;

224

225 if(fjob = NULL) sbm_release_job (fjob) ;
226

221 fh = sbm_setup_fpga (E_SBM_ALGO_B, N, E_SBM_DTYPE_FP32) ;

228 fjob = sbm_create_job(fh, N, J, h, Ncycle, ¢, dt, alph, beta);
229 }

230

231 /%

232 * Run SBM TSP solver for Ntimes and update information for the best
233 x/

234 extern “C” int sbm_solve_tsp(int Ntime, float *dlist, int *route) {
235

236 float dmin = INFINITY;

237 int best_id = -1;

238

239 for (int ntime=0; ntime<Ntime; ntime++) {
240 sbm_run_sync (f job, s);

241 spin2bin(s, b);

242

243 float d = calc_distance(b) ;

244

245 if(d>0 8 d < dmin) {

246 dmin = d;

247 best_id = ntime;

248 set_route_from_b (b, route);
249 }

250 dlist[ntime] = d;

251 }

252 return best_id;

253 }

MOT(7.2.6) Tl U7ILA1 LHEERDs 1 DORIREICL SBM % 1 EIEF R8I 9 2811 T
HEERECRIEVILNZERETLTVELIZ, JUT, TSP TEI-XT—ZELT 1 DOMIRECHL
BHEIOFITMTONZEZBEL TVET , CNERIERNICERI B, 7IUT—a>hFIA
9% SBM-TSP YILI\DA>5T71—ELTIE. TSP TIIRIEMNRFOf2EEC 1 ERLIFIERN
sbm_tsp_setup()BEEE. RFoIEIRECKT BRI DRI TZITLVEDP TOREERZIRT
sbm_solve_tsp()BIE. 0 2 EZEELTVET,

sbm_tsp_setup()BI&I[L216-1.229]: TSP MIEEZE 71 ) (ZEHEIERZ N D/ RE
SBM J\SX—4% AFEMFEL. 12T RIEERENS SBM 37 (fjob)DAERKF TEEMUE
9, TSP [EEDFHAHZ load_tsp()BE4[L219]. QUBO FeRNDERILZ
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formulate_tsp2qubo()Ed%%[L220]. QUBO FERH'BA S FERNADE %
qubo2ising()BIEI[L221]TIToTLVET . CNSDBIERD main.cpp RNTEEINTLBDT,
SHICOVTIRY RO — RE&8BTZEL,

sbm_solve_tsp()BE#[L234-1.253]: s4TOIEN(Ntime)Z A &L, Ntime [B] SBM 73
17[L239-L240)UF T . EEITHEREREAINL:S)ICHU. IL— MOEEREZETE[L243]0. #l
HERMAEBIIHmE(d > 0)(C(F &) ERtIEIROEHE R/ - MOBEEZITVEI[L245-
L249]. Ntime EIDFHITOS5. DGR T2 TORITIER (EER] )% dlist (CH8HR[L250]
U. &/ \iEE#Z ECSRUIERITE S 2IRNME. 20— NE#RZ route [CA&HR[L248]LF T

CLI fRT(&. LEHEHOVIVNERZEE main B#(main.cpp) ITIToTVEY,

SBM TSP VLD U

GUI MR Tl 77 —2a>hsEEFU TSNS Python @l SBM-TSP VL%,
gsbm_tsp_solver()E#5¢ LT, gui_server/py/tsp_solver.py TEEULTWET,

$examples/gui_server/py/tsp_solver. py

24
25 # SBM TSP solver for python

26 #

27 # Parameters

28 # position_file: Path of a file including positions
29 # Ntrial : Number of trials

30 # Nresp : Number of responses by this generator

31 #

32 # Returns

33 # dists: disctances in this response

34 # best_info :

35 ¢ best_info[0]: id for the best distance in this response

36 # best_info[1]: current best route

37 # best_info[2]: current best distance

38 # dist_ave : current average of distances

39 #

40 def gsbm_tsp_solver (position_file, Ntrial, Nresp):

41

42 # Setup SBM tsp solver for the problem defined in "position_file

43 [ib. sbm_tsp_setup (position_file.encode(“ascii”), 1000, 0.5, 0.1, 0.5, 2.0)
44

45 Ntime = int(np.ceil (Ntrial / Nresp))

46 tmp_dists = np.zeros (Ntime, dtype=np. float32)
47 route = np. zeros (42, dtype=np. int32)

48

49 dist_total = 0
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50 valid_total = 0
51 best_dist = float( inf’) # current best distance

52 best_id = None # best id in the response

53 best_route = None # current best route

54 all_dist = []

55

56 for i in range(Nresp) :

57 # Execute SBM tsp solver on c-library

58 tmp_best_id = |ib. sbm_solve_tsp(Ntime, tmp_dists, route)
59 dists = |ist(np. where (tmp_dists< 0, np.nan, tmp_dists))
60

61 # Update best result(best *) if the best is in latest execution
62 if dists[tmp_best_id] < best_dist:

63 best dist = dists[tmp_best id]

64 best _route = |ist (hp. copy(route))

65 best_id = tmp_best_id

66

67 best_info = [best_id, best_route, best_dist]

68 all_dist. extend(dists)

69 dist_ave = np. nanmean(al| dist)

70

71 yield dists, best_info, dist_ave

AT FIIT—3 3 AFECEDE generator ELTEEINTVEY . BIEICTEREUR
SBM-TSP V)X, MOT(7.2.6)EHECH1F v 5450 NLTO—-Ran, 2heh
[L43](sbm_tsp_setup). [L58](sbm_solve_tsp) TEHINTVET,

AF1—-NTILTEINE EHIEBICEEHAHFE AN, CD gsbm_tsp_solver()Ezk(. 75
—>3>0O—8BELT gui_server/py/tsp_solver_controller.py O THEHENTVET,
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7.4 BEXNHRUESHEBEVILIN

7.4.1 HIE

MIS (Maximum Independent Set: S&xAMIIESRIE)L(E. U357 G= (V. E) [CBV\TEH
WCBHELRVIEROES (Independent Set. LI IS EFER) D55, ZOTESENRADE
& (Maximum Independent Set) Zk&H2HEAENEFRBEILREIE T Tl SBM (CLD
MIS VIL\E&HIERUIZ LT, SMMKRTNT —4%{#£>T Market Graph(7.4.2)0fi%17570
3LHE)(K 11)ZBNAUET .

11 : MIS GUI IREEA X—>

Simulated Bifurcation Machine™ Proof-of-Concept
Original Graph Independent set

7.4.2 Market Graph

MIS OISO —DARRAR— NIAUARE LD SBIFBNET . K7 ST -3 Tl Butenko it
1229 % Market Graph THRiH%ZRIEL. D Market Graph (C$H133 MIS BBz #EF%
RUZEY, Market Graph (FIATOLSICHEEEINET,

> S.Butenko, Maximum independent set and related problems, with applications, Doctor
Dissertation, 2003.
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STEENTARK) AR FRENRIEOLOKRE

Market Graph 0 MIS BIEENSESN 2% FIFAT LT SAREENIR— NIAUAZIBE TS
BZENHIFFENE T, F2. Market Graph NSEDARERBA XD 1S ZRDIFBECED. SRR
— RNIA)ABEROIDICLDBE R FEENESN DA REIEBHIFF CEF T,

K7TVT =233 HENUHARBUIIZ—OKIEIT—4 (B NEaiRE: 1329, £LI-R
#:1440)2F0\, ZORFRINSA>TEEUBE S U Market Graph 2 AELET . £RkENS
Market Graph #(3"£L 11— R / B> J)VERR (RSB DL - REUTIETE)"eRDEFT . N5
M Market Graph Z|Ex MIS RIZEEL THRE. CLI iR TIZ2OFEREMEZ IV - IUTF AN
7. GUI IRT(II SIFRR(—ERFBCE(CYIDE IR R)LET .

7.4.3 Jr1ILiERK

SBM MIS VLB LU CLI MRICESET 2771 )L ($examples BEmDiExT/VAZKE ) 25ZEUET,

TN TV ES

mis requirements.txt Python €21—-JLUA K

mis mgraph.py Market Graph &m0 A

mis check_is.py My EEFIVITOIS A

mis mis_solver.py #1& MIS V)LD Python wrapper
mis solve_mgraph.py 7V =232 44> Python U7k
mis dummy_stocks.csv J=— DKM —4

mis/libsbmmis

Makefile

libsbmmis.cpp "5 HBS1T 3
libsbmmis.so # &£ I 32 &H D
Makefile

mis/libsbmmis

libsbmmis.cpp

SBM (C&% MIS VLD C++3E3&=

GUI IRDBERET 71 ILIZETH DI EEREODMEDH%Z T LlCRUET  E(IGU
gui_server L FOI7A I 2 SBBIZE 0,

F4LIN) T4 ANE
gui_server run.py GUI Y—/)\—-F47RIITH
gui_server requirements.txt | Python €21—-JLUX K
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gui_server/py *.py GUI hir TSP-MIS B&:&E Python J71)L
gui_server/static *.js GUI iR TSP-MIS B&:&E JavaScript J71)l

7.4.4 SRITERIEO®FEE (CLI hix-GUI HirFhiE)

Python /\wor— 01> M=)l

AT YA EITCHETR Python /W -S4 ZAM=)ILUET .

$ cd $examples/mis

$ pip3 install -r requirements.txt --user

J0J5L0EIR

C/C++TEREIN CLI RELUY GUI MmO SBM-MIS YILN\ZEILRLET .

$ cd $examples/mis/libsbmmis

$ make
ZNUZLD, mis/libsbmmis LA FI(C libsbmmis.so (CUI/GUI @EF454F3vIU>954T3Y)
HERKENET

7.4.5 FETIRIEO#(HE (GUI )

TSP & MIS T GUI IRIB(FIETY ., BLIC TSP 0 GUI IRiEZ#fmL TUL\BIBE(CE. MIS [l
(S (CBR A R I ANEEIHNER A B TRVMEA(, 7.3.4 #8880, GUI IRETEED
ty NPy TR EREEEN,

7.4.6 E{THE

CLI hi

ZFE MIS VILLEE DTz, mis_solver.py (C(Z SBM (C&2 MIS V)LNoAt, smi@zvILIN
TH? NetworkX. EZE##YILINTHS OR-tools ZREUA>HITI-ATHUHEZLSAELT
WET, Fe. s MIS YL RIS 37U -3 416U T, solve_mgraph.py ZHE
LTWEY, Z0 solve_mgraph.py Tl&. EHI 29— T—4(dummy_stocks.csv)h
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SIERD.)—RE(-N)- B> FIVEAREI(-d) T Market Graph Z{ERUE T, fERENIZ Market
Graph OBFRFFT—5%35REL. IBEI BVILIN(-s)EANT MIS HEZESE T FERELTE
T EESOHEEBECEURMZID Y- IUCERRUETD . VIV SBM DA, SBM EfES
HETEROEBDTT,

SBM 7)L.JUXLh: E_SBM_ALGO_B
J475¥8E: E_SBM_DTYPE_FP32
[step, c, dt, alph, beta]: 1000, 0.4, 0.3, 1.0, 1.0
VILIH SBM DIFE(E. LEEERTET 10 BEIEITU. FIKIRMAZ MU TORE M ES
HOFNELEDE TERRLET,

CLI ik MIS VJLI(F. $examples/mis T4LI N TFTERITUET.

$ cd $examples/mis

BUFE. [VILK, J—R#8, H>TIVERRI]1=[SBM, 400, 480]1DIBENEITHITY,
$ python3 solve_mgraph.py -s sbm -d 480 -N 400

INFO : Time of fpga_setup: 0.127222799 s

[ 120 ms] 10/10 #is(ave,best)=39.8, 40

[ 120 ms] 10/10 #is(ave,best)=134.2, 135

[ 120 ms] 10/10 #is(ave,best)=15.2, 16

BUF (& aB#Z VLN NetworkX ZRVIZE GE)DEITHI (VL BSMNIRRM) T,

$ python3 solve_mgraph.py -s nx -d 480 -N 400
INFO : Time of fpga_setup: 0.127416157 s

[ 6656 ms] #is=35

[ 9785 ms] #is=122

[ 3384 ms] #is=13

BATF (&, E&EZ##VIVN OR-tools ZAVHEE (GE)DERITHI(VILILINIESMA) T,

$ python3 solve_mgraph.py -s ort -d 480 -N 400
INFO : Time of fpga_setup: 0.125679123 s

[ 156078 ms] #is=40

[ 12182 ms] #is=135

[ 995966 ms] #is=17
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solve_mgraph.py O#EIZEITEFC(E. dummy_stocks.csv H*5 Pandas 7—4%JL—A1tE
U. SH(CHTLIEZZHELIZDBIC pickle iZR (dummy_stocks. pkl) T/RTF 3 2UUENTHNS
128, VILNEITRIOT —FUIR(CZA DI EZEUE T, 2 BIBUBEOFEITRIC(E, RILUEEHD
pkl J74 )z E#EO— RI 3T —FUIREEIRTI

GE) VILNC NetworkX zl4 OR-tools BEARISE. MIS VILNEWEIC SBM (HERL
FHA(SBM T NetworkX > OR-tools ZEIFE 3. LVVSEKTEHDELEA).

GUI hix

GUIfR(&. GUI ELTI ST ZERLET . £9. FaLOLI(C run.py 2F4TL. O-HILB-)\%
EELET

$ cd $examples/gui_server
$ python3 run.py

[EE(CEEENDE. FEEDLIICI>Y—IUC URL HMRRENET,

FEEOIFE. I35 T http://127.0.0.1:5042 | (L7 7EALTLIEEW, IEESELTORIEES

INFO: Started server process [6933]

INFO: Uvicorn running on http://127.0.0.1:5042 (Press CTRL+C to quit)
INFO: Waiting for application startup.

INFO: Application startup complete.

(F B 12 OA2TYIAR-INRRENF T

12 : TSP/MIS GUI R7Z TV >FTvIAR-S

Simulated Bifurcation Machine™ INDEX

MIS Solver

Travelling Salesman Problem

Usas.pg - l‘llll

60

= F— TR
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1>FTYIAR=THO MIS Solver J)L—TARICHZETE/FA-HIEEZHER (M EHNEHE
E(E))L. GO RIVZH T U TSV TR BEBR/NIX-INREINE 11 OEHCE
BUEY. X 11 oE@ETIE. Z£BIC7TTD Market Graph., ARIIC IS eLTHHE N7y bz
SRIAFRUI) 0% F/RUET . 1T -HSIRVERTRER UT (38X, —ERRICECEEINICER
ROIDBNDFT , FIE/\SA-F(J—RE0. YO TVERIRE) 2 ZEIIHECE. B’ 12 o1
STYIAR=DIRITUTVE T,

(3F) /—RENKREVMZE (800 BE), TTVTADI S IHEEAIEOEFNKERZI28, BEHE
FRE DR T OR-SOREN RS EIEEENHDET .

{EIE 3% A, run.py 27U Y-)VZ2RE Ctri+ Cl1ZF T U TIEEL,

7.4.7 fEER

SBM MIS VILI\DEE (C=:E)

SBM (&3 MIS VIL\% C S5 ($examples/mis/libsbmmis/libsbmmis.cpp) T3
=UET,

MIS [RE% QUBO fZCETVE

F9'. MIS O(QUBO (L9 B)ERALICRITS 2 DOREIDEE(ICOVWTIBNUET,

$examples/mis/ | ibsbmmis/|ibsbmmis. cpp

20 /*x

21 * Formulate MIS defined by G w/ A, B to QUBO format

22 x/

23 void formulate_mis2qubo(int N, float *G, float A, float B, float *Q) {
24

25 memset (Q, 0, NxNxsizeof (float)) ;

26

27 for (int i=0; i<N; i++){

28 for (int j=i+1; j<N; j++) {

29 if@GLi*N+j] 1= 0) {

30 QLi*N+j] = QLj*N+i] = A;
31 }

32 }

88 }

34

35 for (int i=0; i<N; i++) {
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36 QLisN+i] — B;
37 }
38 }
el
57 /xx
58 * Check if "ans’ (related to 'G') is Independent Set of not
59 x/
60 int check_is(int N, float *G, int *ans) {
61 int cnt = 0;
62 for (int i=0; i<N; i++) {
63 if(ans[i]l > 0){
64 cand_idx[cnt] = i;
65 cnt++;
66 }
67 }
68
69 for (int i=0; i<cnt; i++) {
70 for (int j=i+1; j<cnt; j++) {
71 if(Glcand_idx[i]*N + cand_idx[j]] > 0)
12 return O;
13 }
14 }
75 return cnt;
76 }

formulate_mis2qubo()BE%I[L23-138]: J—RE N O(N, N)J57 G AF3¢L. QUBO
ERIEENZ(N, N)TFI Q ZHAELET . MIS H'5 QUBO FERNADTERILSEF. EEX
Wk “Ising formulations of many NP problems”®®"4.2. Set Packing”[CH}3EETIC
#UFI. TR ENTNOFEEZ A, B EUH = Hpy + Hp(CBIBHIFIE(H, = A jep xi%))
%[L27-133]. AXNE(H; = —B Y, x,)&[L35-L37] CHELTVETS,

check_is()BI#I[L60-L76]: J—REIN O(N, N)J37 G (L. 7 EESIZ##S ans
(ans[i]=1 OtE/—R i MR EEDER CHILERT ) MHETIEESTHINEH 2 HIRTLE
9. ans i\ G DMIIESTRMESEF 0 2, MUIESTHIBEFTOERHBRLFT,
[L62-L67]T(&. ans[i]h' 1 THh2#EHI> MIRIEEBEREURM) LRHS, —REE
cand_idx[]IC ans[i]h' 1 THB1>TvIR()&IBEELE T, [L69-L74]T(F. 3T G &

® Andrew Lucas, Ising formulations of many NP problem
( https://www.frontiersin.org/articles/10.3389/fphy.2014.00005/full )
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TEERERLET .

Python 29U M5 HEN 3 MIS VIL/\B#(C SE) DR

HIERD formulate_mis2qubo()Ed%%. check_is()BE%%¢. QUBO FEh'B1 S I FERAD
Zia%175 quboising () BI#L. LU SBM API BE#z{E-T. Python ROV RDA>5T1—
A% MIS VIV BEEL (sbm_mis_solver())z=5&0%Y,

$examples/mis/ | ibsbmmis/|ibsbmmis. cpp

85 /%

86 * SBM MIS solver : Problem input is G (Original graph)

87 x/

88 extern “C” int sbm_mis_solver (int N, float *G, float A, float B, int Ntime,
89 int Ncycle, float ¢, float dt, float alph, float beta,

90 int *ans, int *p_best_isnum, int *p_num_ok, float *p_ave_isnum) {

el

102 // Formulate MIS(G)w/ (A,B) —> QUBO(Q) —> Ising(dJ, h)

103 formulate_mis2qubo(N, G, A, B, Q);

104

105 qubo2ising(N, Q, J, h);

106

107 // FPGA initial setup

108 sbm_set_random_seed (1) ;

109 H_SBM_FPGA fh = sbm_setup_fpga (E_SBM_ALGO_B, 2000, E_SBM_DTYPE_FP32) ;

110 H_SBM_JOB fjob = sbm_create_job(fh, N, J, h, Ncycle, ¢, dt, alph, beta);
el

117 // Calculate and Update the result by SBM for the number of Ntime loop

118 for (int ntime=0; ntime<Ntime; ntime++) {

119 sbm_run_sync (f job, g_s);
120
121 int isnum = check_is(N, G, g_s);
122 if(isnum > 0) {
123 ok_cnt++;
124 ave_isnum += isnum;
125 if(isnum > best_isnum) {
126 best_isnum = ishum;
127 for (int i=0; i<N; i++) ans[i] = g_s[il:
128 }
129 }
130 }
el

141 // Finalize
142 sbm_release_job (fjob) ;
=a]:73

148 }
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[L103]: Y57 G &% QUBO 2R Q [CERALLET .
[L105]: QUBO 23k Q 21020 (3, h)(CEHLET .
[L109-110]: SBM-API ZIFUH L. FPGA Oty NPy THLUTaT DA > 25> 2{b&ITVET .

BE—JOtARTELIC FPGA (CO—RENTUVBEIEEA > I AEEUBIEEA S AFV A RIETELT 2

Fh. ZDIz8. sbm_mis_solver() O UEE(C. sbm_setup_fpga()WFEUSHENTE.
2 BB EOBO—RIZ MR EMNDER A

[L119]: SBM TZ3J%E1TLUET (FHAE—R)

[L121-129]: SBM EATICLDSTAR(g_s) N, SIFISMZHBIZL TVShESRL . FlFI%F%
L. DI —TARTINETOFHITCTESNIIIIEE IO MEZEH T 355,
sbm_mis_solver()MFUHUANICIRI#E ans (Cg_s #1E-UFT,

[L142]: SBM 237V —-ALFY . (ZITEITORDICHRUIAEVZRRUET)

SBM MIS VIL/NDZELE (Python)

C E:ETERE Uz sbm_mis_solver()BI#k(71E7)% Python RV IHSIEUHE2EL3CLE
9, CZTlE. Python 20T MBI TER I BBI4(5v/ (BIE) % solve_by_sbm()eLTWVET,

$examples/mis/mis_solver. py
11 import numpy.ctypesl|ib as npct
12 from ctypes import *
13
14 # C TEESINT= SBM MIS Y JL/\% Python TERAT 5 =-HD%EE
15 libdir = os. path. dirname (os. path. abspath(__file_)) + "/l ibsbmmis
16 lib = npct. load_library (' |ibsbmmis.so", libdir)
17 c_af1 = npct. ndpointer (dtype=np. float32, ndim=1, flags="C_CONTIGUOUS )
18 ¢_ail = npct. ndpointer (dtype=np. int32, ndim=1, flags="C_CONTIGUOUS")

el
23 |ib. sbm_mis_solver. argtypes = [c_int, c_ail, c_float, c¢c_float, c_int, c_int
24 c_float, c_float, c_float, c_float, c_ail, c_ail, c_ail, c_afl]
25 |ib. sbm_mis_solver. restype = c_int

el

62 def solve_by sbm(G, A, B, Ntimes, Ncycle, ¢, dt, alph, beta):
63 N = G. shape[0]
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64

65 best_isnum = np. zeros (1, dtype=np. int32)
66 ok_cnt = np. zeros (1, dtype=np. int32)

67 ave_isnum = np. zeros (1, dtype=np. float32)
68 ans = np. zeros (N, dtype=np. int32)

69

70 lib. sbm_mis_solver (N, G.flatten(), c_float(A), c_float(B),

71 Ntimes, Ncycle, c¢_float(c), c_float(dt), c_float(alph), c_float(beta)
12 ans, best_isnum, ok_cnt, ave_isnum)

73

74 return np.where(ans < 0, 0, 1), best_isnum[0], ok _cnt[0], ave_isnum[0]

SYNEEDZEZFSOVTE, 7.2.6 “B. A DYILI\%Z Python NS I FIR"EFHRRTT .

SBM MIS VIO U

HIEI CERE U Python i SBM-MIS Y)L/((solve_by_sbm())DERFI(EREFR)(CDVT
BALE T,

CLI ki

$examples/mis/solve mgraph. py

15 from mis_solver import solve_by_sbm

=a]:73
47 df_In_full = load_stockfile (" . /dummy_stocks")
48 df_In = df_In_full. iloc[:, :args.N]
49
50 for i in range(0, len(df_In), dur):
51
52 # generate market graph
53 G = market_graph(df_In, theta=theta, ise=[i, i+dur]).astype(np. int32)
54
55 if args.solver == "shm':
56 # solve by SBM MIS solver
57 time0 = time. time ()
58 answer, isnum, okcnt, ave_isnum = solve_by_sbm(G, A, B, Ntimes,
59 Ncycle, ¢, dt, alph, beta)

BT —4(dummy_stocks.csv)DREILIEEHT -5 —L%Z0—R[L47]L. AOVT D]
BIETET S/ —REN ZHIDHUFEFI[L48](— df_In). df_In OFEEENSIER dur HARE(row
)P OT—EIERIC Market Graph(Ti#5457)G Z{ERkLFI[L53]. SBM-MIS V)LIN
(solve_by_sbm())Zz&#{E2t. G [CXTFER(MIS 175(answer). RN IS 21, BRI
ZASIERITER, 1S #°19) 2BSLE I [L58].
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GUI hiz

$examples/gui_server/py/mis_data. py

56 # generate market graph

57 ise = [index*self.mgraphDuration, (index+1)*self.mgraphDuration]
58 G = mgraph. market_graph (self.df _In, 0.3, ise=ise).astype(np. int32)
59

60 # solve MIS by SBM

61 time0 = time. time ()

62 ans, isnum, _, _ = solve by sbm(G, A, B, Ntimes, Ncycle, c, dt,

63 alph, beta)

64 calc_time = (time.time() - time0)*1000

ERFEFUHUITE)E CLLARCEMARAR TY GFllsRBRFZIBLET ).
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5E8E  Appendix

8.1 Disclaimer

THE SOFTWARE AND SERVICES ARE PROVIDED "AS IS." YOU AND YOUR USERS
ACCEPT AND ASSUME THE ENTIRE RISK AS TO THE QUALITY, PERFORMANCE AND
RESULTS OF ACCESS OR USE OF THE SOFTWARE AND SERVICES. TOSHIBA
DIGITAL SOLUTIONS CORPORATION (TDSL) AND TDSL AFFILIATES AND
LICENSORS MAKE NO REPRESENTATIONS OR WARRANTIES OF ANY KIND,
WHETHER EXPRESS, IMPLIED, STATUTORY OR OTHERWISE REGARDING THE
SOFTWARE AND SERVICES, INCLUDING ANY WARRANTY THAT THE SOFTWARE
AND SERVICES WILL BE UNINTERRUPTED, ERROR FREE OR FREE OF HARMFUL
COMPONENTS, OR THAT ANY CONTENT IN YOUR COMPUTER, INCLUDING YOUR
CONTENT AND DATA, WILL BE SECURE OR NOT OTHERWISE LOST OR DAMAGED.
EXCEPT TO THE EXTENT PROHIBITED BY LAW, TDSL AND TDSL AFFILIATES AND
LICENSORS DISCLAIM ALL WARRANTIES, INCLUDING ANY IMPLIED WARRANTIES
OF PERFORMANCE, MERCHANTABILITY, SATISFACTORY QUALITY, FITNESS FOR A
PARTICULAR PURPOSE, NON-INFRINGEMENT, OR QUIET ENJOYMENT, AND ANY
WARRANTIES ARISING OUT OF ANY COURSE OF DEALING OR USAGE OF TRADE.
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8.2 License

Copyright (C) 2013-2016 Altera Corporation, San Jose, California, USA. All rights
reserved.

Permission is hereby granted, free of charge, to any person obtaining a copy of
this software and associated documentation files (the "Software"), to deal in the
Software without restriction, including without limitation the rights to use, copy,
modify, merge, publish, distribute, sublicense, and/or sell copies of the Software,
and to permit persons to whom the Software is furnished to do so, subject to the
following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

This agreement shall be governed in all respects by the laws of the State of
California and by the laws of the United States of America.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed) or
init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura, All rights
reserved.

Redistribution and use in source and binary forms, with or without modification,
are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND
CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE
USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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LICENSE. Licensee has a license under Intel’s copyrights to reproduce Intel’s
Software only in its unmodified and binary form, (with the accompanying
documentation, the “Software”) for Licensee’s personal use only, and not
commercial use, in connection with Intel-based products for which the Software
has been provided, subject to the following conditions:

(@) Licensee may not disclose, distribute or transfer any part of the Software,
and Licensee agree to prevent unauthorized copying of the Software.

(b) Licensee may not reverse engineer, decompile, or disassemble the

Software.

(o) Licensee may not sublicense the Software.

(d) The Software may contain the software and other intellectual property of

third party suppliers, some of which may be identified in, and licensed in
accordance with, an enclosed license.txt file or other text or file.

(e) Intel has no obligation to provide any support, technical assistance or
updates for the Software.

OWNERSHIP OF SOFTWARE AND COPYRIGHTS. Title to all copies of the Software
remains with Intel or its licensors or suppliers. The Software is copyrighted and
protected by the laws of the United States and other countries, and international
treaty provisions. Licensee may not remove any copyright notices from the
Software. Except as otherwise expressly provided above, Intel grants no express
or implied right under Intel patents, copyrights, trademarks, or other intellectual
property rights. Transfer of the license terminates Licensee’s right to use the
Software.

DISCLAIMER OF WARRANTY. The Software is provided “AS IS” without warranty
of any kind, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION,
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR
PURPOSE.

LIMITATION OF LIABILITY. NEITHER INTEL NOR ITS LICENSORS OR SUPPLIERS
WILL BE LIABLE FOR ANY LOSS OF PROFITS, LOSS OF USE, INTERRUPTION OF
BUSINESS, OR INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES
OF ANY KIND WHETHER UNDER THIS AGREEMENT OR OTHERWISE, EVEN IF
INTEL HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

LICENSE TO USE COMMENTS AND SUGGESTIONS. This Agreement does NOT
obligate Licensee to provide Intel with comments or suggestions regarding the
Software. However, if Licensee provides Intel with comments or suggestions for
the modification, correction, improvement or enhancement of (a) the Software or
(b) Intel products or processes that work with the Software, Licensee grants to
Intel a non-exclusive, worldwide, perpetual, irrevocable, transferable, royalty-free
license, with the right to sublicense, under Licensee’s intellectual property rights,
to incorporate or otherwise utilize those comments and suggestions.

TERMINATION OF THIS LICENSE. Intel or the sublicensor may terminate this
license at any time if Licensee is in breach of any of its terms or conditions. Upon
termination, Licensee will immediately destroy or return to Intel all copies of the
Software.

THIRD PARTY BENEFICIARY. Intel is an intended beneficiary of the End User
License Agreement and has the right to enforce all of its terms.
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U.S. GOVERNMENT RESTRICTED RIGHTS. The Software is a commercial item (as
defined in 48 C.F.R. 2.101) consisting of commercial computer software and
commercial computer software documentation (as those terms are used in 48
C.F.R. 12.212), consistent with 48 C.F.R. 12.212 and 48 C.F.R 227.7202-1
through 227.7202-4. Licensee will not provide the Software to the U.S.
Government. Contractor or Manufacturer is Intel Corporation, 2200 Mission
College Blvd., Santa Clara, CA 95054.

EXPORT LAWS. Licensee agrees that neither Licensee nor Licensee’s subsidiaries
will export/re-export the Software, directly or indirectly, to any country for which
the U.S. Department of Commerce or any other agency or department of the U.S.
Government or the foreign government from where it is shipping requires an
export license, or other governmental approval, without first obtaining any such
required license or approval. In the event the Software is exported from the
U.S.A. or re-exported from a foreign destination by Licensee, Licensee will ensure
that the distribution and export/re-export or import of the Software complies with
all laws, regulations, orders, or other restrictions of the U.S. Export Administration
Regulations and the appropriate foreign government.

APPLICABLE LAWS. This Agreement and any dispute arising out of or relating to it
will be governed by the laws of the U.S.A. and Delaware, without regard to
conflict of laws principles. The Parties to this Agreement exclude the application of
the United Nations Convention on Contracts for the International Sale of Goods
(1980). The state and federal courts sitting in Delaware, U.S.A. will have exclusive
jurisdiction over any dispute arising out of or relating to this Agreement. The
Parties consent to personal jurisdiction and venue in those courts. A Party that
obtains a judgment against the other Party in the courts identified in this section
may enforce that judgment in any court that has jurisdiction over the Parties.

Licensee’s specific rights may vary from country to country.

8.3 ZMJOJ3SAICDOVT

ZT0JSLTHENN 2N T OEN T,

o HAHYMIBALFIY-Itwh Gset (Gl - G65) (%)

12R9VR J—R IvS 54 947
Gl 800 19176 +1 random
G2 800 19176 +1 random
G3 800 19176 +1 random
G4 800 19176 +1 random
G5 800 19176 +1 random
G6 800 19176 +1,-1 random
G7 800 19176 +1,-1 random
G8 800 19176 +1,-1 random

101




G9
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
G25
G26
G27
G28
G29
G30
G31
G32
G33
G34
G35
G36
G37
G38
G39
G40
G41
G42
G43

800
800
800
800
800
800
800
800
800
800
800
800
800
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
1000

19176
19176
1600
1600
1600
4694
4661
4672
4667
4694
4661
4672
4667
19990
19990
19990
19990
19990
19990
19990
19990
19990
19990
4000
4000
4000
11778
11766
11785
11779
11778
11766
11785
11779
9990
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+1,-1
+1,-1
+1,-1
+1,-1
+1,-1
+1
+1
+1
+1
+1,-1
+1,-1
+1,-1
+1,-1
+1
+1
+1
+1

+1,-1
+1,-1
+1,-1
+1,-1
+1,-1
+1,-1
+1,-1
+1,-1
+1
+1
+1
+1
+1,-1
+1,-1
+1,-1
+1,-1
+1

Rev.

random
random
toroidal
toroidal
toroidal
planar
planar
planar
planar
planar
planar
planar
planar
random
random
random
random
random
random
random
random
random
random
toroidal
toroidal
toroidal
planar
planar
planar
planar
planar
planar
planar
planar
random
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G44 1000 9990 +1 random
G45 1000 9990 +1 random
G46 1000 9990 +1 random
G47 1000 9990 +1 random
G48 3000 6000 +1,-1 toroidal
G49 3000 6000 +1,-1 toroidal
G50 3000 6000 +1,-1 toroidal
G51 1000 5909 +1 planar
G52 1000 5916 +1 planar
G53 1000 5914 +1 planar
G54 1000 5916 +1 planar
G55 5000 12498 +1 random
G56 5000 12498 +1,-1 random
G57 5000 10000 +1,-1 toroidal
G58 5000 29570 +1 planar
G59 5000 29570 +1,-1 planar
G60 7000 17148 +1 random
G61 7000 17148 +1,-1 random
G62 7000 14000 +1,-1 toroidal
G63 7000 41459 +1 planar
G64 7000 41459 +1,-1 planar
G65 8000 16000 +1,-1 toroidal

® Sherrington-Kirkpatrick 18! (SK #&#!) K2000 [z
® Sherrington-Kirkpatrick t28 (SK#&8!) K1024 68 ({R&EUTSE)
o otz—)LAV>REHRE Dantzig42

*1: AE>#8 8192 FTHIGAIRET Y.

ZWT0I>LAOERTOITHIEULTITRUET .

--- G,K,M check (start) ---
make: ‘all' IZRLTISREZFFEEHY FEA.

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)
DEBUG : Using 1 device(s)
DEBUG : pac_sl10 dc : Intel PAC Platform (pac £100000)
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DEBUG

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING B2048FP32 1 0
DEBUG : Using AOQOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING B2048FP32 1 0.aocx
DEBUG : num devices 1

INFO : Time of fpga setup: 3.080952558 s

K2000 : cut(average) = 33154.64 / 33337 ( 99.45% ),
FPGA kernel time (core time) = 0.003869069 ( 0.001720463 ) s —>
PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac s1l0 dc : Intel PAC Platform (pac £100000)

DEBUG

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048FP32 1 0
DEBUG : Using AOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048FP32 1 0.aocx
DEBUG : num devices 1

INFO : Time of fpga setup: 3.042665590 s

K2000 : cut(average) = 33171.72 / 33337 ( 99.50% ),
FPGA kernel time (core time) = 0.010845922 ( 0.008698039 ) s —>
PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac s10 dc : Intel PAC Platform (pac £100000)

DEBUG

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048INT2 1 0
DEBUG : Using AOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048INT2 1 0.aocx
DEBUG : num devices 1

INFO : Time of fpga setup: 3.058274936 s

K2000 : cut(average) = 33182.28 / 33337 ( 99.54% ),
FPGA kernel time (core time) = 0.001774803 ( 0.000719745 ) s ->
PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac s10 dc : Intel PAC Platform (pac £100000)

DEBUG

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING C8192INT2 1 0
DEBUG : Using AOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING C8192INT2 1 0.aocx
DEBUG : num devices 1

INFO : Time of fpga setup: 3.379006480 s

K2000 : cut(average) = 33182.28 / 33337 ( 99.54% ),
FPGA kernel time (core time) = 0.024711113 ( 0.007291667 ) s ->
PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac s10 dc : Intel PAC Platform (pac £100000)

DEBUG

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING B2048INT1 1 O
DEBUG : Using AOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING B2048INT1 1 0.aocx
DEBUG : num devices 1
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INFO : Time of fpga setup: 3.275159169 s

K2000 : cut(average) = 33174.73 / 33337 ( 99.51% ),

FPGA kernel time (core time) = 0.000759409 ( 0.000273540 ) s —>
PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac s10 dc : Intel PAC Platform (pac £100000)

DEBUG :

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING B2048FP32 1 0
DEBUG : Using AOQOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING B2048FP32 1 0.aocx
DEBUG : num devices 1

INFO : Time of fpga setup: 3.002021749 s

M1024 : cut (average) = 238550448.00 / 240502032 ( 99.19% ),

FPGA kernel time (core time) = 0.002948908 ( 0.000774208 ) s —>
PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac s10 dc : Intel PAC Platform (pac £100000)

DEBUG

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048FP32 1 0
DEBUG : Using AOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048FP32 1 0.aocx
DEBUG : num devices 1

INFO : Time of fpga setup: 2.969874519 s

M1024 : cut (average) = 238441696.00 / 240502032 ( 99.14% ),

FPGA kernel time (core time) = 0.005636149 ( 0.003479216 ) s —>
PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac s10 dc : Intel PAC Platform (pac £100000)

DEBUG

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING B2048FP32 1 0
DEBUG : Using AOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING B2048FP32 1 0.aocx
DEBUG : num devices 1

INFO : Time of fpga setup: 3.002588948 s

Gl : cut(average) = 11547.42 / 11624 ( 99.34% ), FPGA kernel time
(core time) = 0.002420594 ( 0.000258069 ) s -> PASSED

G2 : cut(average) = 11545.96 / 11620 ( 99.36% ), FPGA kernel time
(core time) = 0.002421316 ( 0.000258069 ) s -> PASSED

G3 : cut(average) = 11549.38 / 11622 ( 99.38% ), FPGA kernel time
(core time) = 0.002421035 ( 0.000258069 ) s -> PASSED

G4 : cut(average) = 11575.79 / 11646 ( 99.40% ), FPGA kernel time
(core time) = 0.002421106 ( 0.000258069 ) s -> PASSED

G5 : cut(average) = 11563.54 / 11631 ( 99.42% ), FPGA kernel time
(core time) = 0.002420041 ( 0.000258069 ) s -> PASSED

G6 : cut(average) = 2171.46 / 2178 ( 99.70% ), FPGA kernel time
(core time) = 0.003171654 ( 0.001032278 ) s -> PASSED

G7 : cut(average) = 1986.20 / 2006 ( 99.01% ), FPGA kernel time
(core time) = 0.002947048 ( 0.000774208 ) s -> PASSED

G8 : cut(average) = 1991.01 / 2005 ( 99.30% ), FPGA kernel time
(core time) = 0.003171125 ( 0.001032278 ) s —-> PASSED
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G9 : cut(average) = 2030.65 / 2054 ( 98.86% ), FPGA kernel time
(core time) = 0.002687779 ( 0.000516139 ) s -> PASSED

G10 : cut(average) = 1982.54 / 2000 ( 99.13% ), FPGA kernel time
(core time) = 0.003278088 ( 0.001118301 ) s -> PASSED

Gll : cut (average) = 553.14 / 564 ( 98.07% ), FPGA kernel time
(core time) = 0.003871943 ( 0.001720463 ) s -> PASSED

Gl2 : cut (average) = 546.64 / 556 ( 98.32% ), FPGA kernel time
(core time) = 0.003439448 ( 0.001290347 ) s -> PASSED

Gl3 : cut (average) = 570.44 / 582 ( 98.01% ), FPGA kernel time
(core time) = 0.003868122 ( 0.001720463 ) s -> PASSED

Gl4 : cut (average) = 3026.95 / 3064 ( 98.79% ), FPGA kernel time
(core time) = 0.002513942 ( 0.000344093 ) s -> PASSED

G15 : cut (average) = 3007.54 / 3050 ( 98.61% ), FPGA kernel time
(core time) = 0.002419728 ( 0.000258069 ) s -> PASSED

Gl6 : cut(average) = 3013.83 / 3052 ( 98.75% ), FPGA kernel time
(core time) = 0.002508846 ( 0.000344093 ) s -> PASSED

G1l7 : cut(average) = 3008.02 / 3047 ( 98.72% ), FPGA kernel time
(core time) = 0.002515448 ( 0.000344093 ) s -> PASSED

G18 : cut (average) = 949.35 / 992 ( 95.70% ), FPGA kernel time
(core time) = 0.002425891 ( 0.000258069 ) s -> PASSED

G1l9 : cut (average) = 865.18 / 906 ( 95.49% ), FPGA kernel time
(core time) = 0.002585524 ( 0.000430116 ) s -> PASSED

G20 : cut (average) = 898.48 / 941 ( 95.48% ), FPGA kernel time
(core time) = 0.002581689 ( 0.000430116 ) s -> PASSED

G21 : cut (average) = 886.50 / 931 ( 95.22% ), FPGA kernel time
(core time) = 0.002581892 ( 0.000430116 ) s -> PASSED

G22 : cut (average) = 13271.29 / 13359 ( 99.34% ), FPGA kernel time
(core time) = 0.002532592 ( 0.000387104 ) s -> PASSED

G23 : cut (average) = 13264.37 / 13344 ( 99.40% ), FPGA kernel time
(core time) = 0.002509396 ( 0.000344093 ) s -> PASSED

G24 : cut (average) = 13260.25 / 13337 ( 99.42% ), FPGA kernel time
(core time) = 0.002514330 ( 0.000344093 ) s -> PASSED

G25 : cut (average) = 13261.26 / 13340 ( 99.41% ), FPGA kernel time
(core time) = 0.002516407 ( 0.000344093 ) s -> PASSED

G26 : cut (average) = 13251.75 / 13328 ( 99.43% ), FPGA kernel time
(core time) = 0.002508634 ( 0.000344093 ) s -> PASSED

G27 : cut(average) = 3305.15 / 3341 ( 98.93% ), FPGA kernel time
(core time) = 0.003545544 ( 0.001376371 ) s -> PASSED

G28 : cut (average) = 3263.95 / 3298 ( 98.97% ), FPGA kernel time
(core time) = 0.003116321 ( 0.000946255 ) s -> PASSED

G29 : cut (average) = 3362.67 / 3405 ( 98.76% ), FPGA kernel time
(core time) = 0.003544958 ( 0.001376371 ) s -> PASSED

G30 : cut(average) = 3377.20 / 3413 ( 98.95% ), FPGA kernel time
(core time) = 0.004143825 ( 0.001978533 ) s -> PASSED

G31 : cut(average) = 3271.62 / 3310 ( 98.84% ), FPGA kernel time
(core time) = 0.003713546 ( 0.001548417 ) s -> PASSED

G32 : cut (average) = 1375.90 / 1410 ( 97.58% ), FPGA kernel time
(core time) = 0.003711740 ( 0.001548417 ) s -> PASSED

G33 : cut (average) = 1359.24 / 1382 ( 98.35% ), FPGA kernel time
(core time) = 0.006442061 ( 0.004301158 ) s -> PASSED

G34 : cut (average) = 1365.32 / 1384 ( 98.65% ), FPGA kernel time
(core time) = 0.010756169 ( 0.008602317 ) s —-> PASSED
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G35
(core
G36
(core
G37
(core
G38
(core
G39
(core
G40
(core
G41
(core
G42
(core
G43
(core
G44
(core
G45
(core
G46
(core
G47
(core
G51
(core
G52
(core
G53
(core
G54
(core
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DEBUG
DEBUG
DEBUG
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cut (average) = 7594.55 / 7687 ( 98.80% ), FPGA kernel
time) = 0.003118309 ( 0.000946255 ) s —-> PASSED

cut (average) = 7589.97 / 7680 ( 98.83% ), FPGA kernel
time) = 0.003117322 ( 0.000946255 ) s —-> PASSED

cut (average) = 7580.21 / 7691 ( 98.56% ), FPGA kernel
time) = 0.002748151 ( 0.000602162 ) s —-> PASSED

cut (average) = 7590.10 / 7688 ( 98.73% ), FPGA kernel
time) = 0.002583940 ( 0.000430116 ) s —-> PASSED

cut (average) = 2300.49 / 2408 ( 95.54% ), FPGA kernel
time) = 0.002583501 ( 0.000430116 ) s —-> PASSED

cut (average) = 2289.49 / 2400 ( 95.40% ), FPGA kernel
time) = 0.002583624 ( 0.000430116 ) s —-> PASSED

cut (average) = 2283.23 / 2405 ( 94.94% ), FPGA kernel
time) = 0.002589251 ( 0.000430116 ) s —-> PASSED

cut (average) = 2372.53 / 2481 ( 95.63% ), FPGA kernel
time) = 0.002587206 ( 0.000430116 ) s —-> PASSED

cut (average) = 6608.05 / 6660 ( 99.22% ), FPGA kernel
time) = 0.002425087 ( 0.000258069 ) s —-> PASSED

cut (average) = 6601.52 / 6650 ( 99.27% ), FPGA kernel
time) = 0.002419830 ( 0.000258069 ) s —-> PASSED

cut (average) = 6604.15 / 6654 ( 99.25% ), FPGA kernel
time) = 0.002420417 ( 0.000258069 ) s —-> PASSED

cut (average) = 6600.81 / 6649 ( 99.28% ), FPGA kernel
time) = 0.002419780 ( 0.000258069 ) s —-> PASSED

cut (average) = 6608.98 / 6657 ( 99.28% ), FPGA kernel
time) = 0.002419508 ( 0.000258069 ) s —-> PASSED

cut (average) = 3803.49 / 3848 ( 98.84% ), FPGA kernel
time) = 0.002582140 ( 0.000430116 ) s —-> PASSED

cut (average) = 3804.08 / 3851 ( 98.78% ), FPGA kernel
time) = 0.002516864 ( 0.000344093 ) s —-> PASSED

cut (average) = 3805.32 / 3850 ( 98.84% ), FPGA kernel
time) = 0.002740811 ( 0.000602162 ) s —-> PASSED

cut (average) = 3804.66 / 3852 ( 98.77% ), FPGA kernel
time) = 0.002942275 ( 0.000774208 ) s —-> PASSED

Platform: Intel (R) FPGA SDK for OpenCL (TM)

Using 1 device(s)

pac sl10 dc Intel PAC Platform (pac £100000)

time

time

time

time

time

time

time

time

time

time

time

time

time

time

time

time

time

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048FP32 1 0

DEBUG

Using AOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048FP32 1 0.aocx

DEBUG
INFO
Gl
(core
G2
(core
G3
(core
G4
(core
G5
(core

num devices 1

Time of fpga setup: 2.972157910 s

cut (average) = 11541.68 / 11624 ( 99.29% ), FPGA kernel
time) = 0.003472679 ( 0.001304706 ) s —-> PASSED

cut (average) = 11527.70 / 11620 ( 99.21% ), FPGA kernel
time) = 0.003012797 ( 0.000869804 ) s —-> PASSED

cut (average) = 11526.31 / 11622 ( 99.18% ), FPGA kernel
time) = 0.003011779 ( 0.000869804 ) s —-> PASSED

cut (average) = 11525.85 / 11646 ( 98.97% ), FPGA kernel
time) = 0.002582382 ( 0.000434902 ) s —-> PASSED

cut (average) = 11516.64 / 11631 ( 99.02% ), FPGA kernel
time) = 0.002583652 ( 0.000434902 ) s —-> PASSED
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G6 : cut(average) = 2169.74 / 2178 ( 99.62% ), FPGA kernel time
(core time) = 0.006495449 ( 0.004349020 ) s -> PASSED

G7 : cut(average) = 1988.32 / 2006 ( 99.12% ), FPGA kernel time
(core time) = 0.006496447 ( 0.004349020 ) s —-> PASSED

G8 : cut(average) = 1986.10 / 2005 ( 99.06% ), FPGA kernel time
(core time) = 0.004774121 ( 0.002609412 ) s -> PASSED

G9 : cut(average) = 2030.04 / 2054 ( 98.83% ), FPGA kernel time
(core time) = 0.004772506 ( 0.002609412 ) s -> PASSED

G10 : cut(average) = 1979.84 / 2000 ( 98.99% ), FPGA kernel time
(core time) = 0.004774823 ( 0.002609412 ) s -> PASSED

Gll : cut (average) = 558.90 / 564 ( 99.10% ), FPGA kernel time
(core time) = 0.010851217 ( 0.008698039 ) s -> PASSED

Gl2 : cut (average) = 550.54 / 556 ( 99.02% ), FPGA kernel time
(core time) = 0.010853583 ( 0.008698039 ) s -> PASSED

G1l3 : cut (average) = 574.24 / 582 ( 98.67% ), FPGA kernel time
(core time) = 0.010853823 ( 0.008698039 ) s -> PASSED

Gl4 : cut (average) = 3039.46 / 3064 ( 99.20% ), FPGA kernel time
(core time) = 0.004343771 ( 0.002174510 ) s —-> PASSED

G15 : cut(average) = 3024.59 / 3050 ( 99.17% ), FPGA kernel time
(core time) = 0.004346346 ( 0.002174510 ) s -> PASSED

Gl6 : cut(average) = 3027.70 / 3052 ( 99.20% ), FPGA kernel time
(core time) = 0.005207782 ( 0.003044314 ) s -> PASSED

Gl7 : cut(average) = 3021.72 / 3047 ( 99.17% ), FPGA kernel time
(core time) = 0.004342722 ( 0.002174510 ) s -> PASSED

G18 : cut (average) = 974 .51 / 992 ( 98.24% ), FPGA kernel time
(core time) = 0.005637702 ( 0.003479216 ) s -> PASSED

G1l9 : cut (average) = 891.44 / 906 ( 98.39% ), FPGA kernel time
(core time) = 0.006494930 ( 0.004349020 ) s -> PASSED

G20 : cut (average) = 927.38 / 941 ( 98.55% ), FPGA kernel time
(core time) = 0.005637624 ( 0.003479216 ) s -> PASSED

G21 : cut (average) = 918.63 / 931 ( 98.67% ), FPGA kernel time
(core time) = 0.010853278 ( 0.008698039 ) s -> PASSED

G22 : cut (average) = 13268.96 / 13359 ( 99.33% ), FPGA kernel time
(core time) = 0.003015735 ( 0.000869804 ) s -> PASSED

G23 : cut (average) = 13265.85 / 13344 ( 99.41% ), FPGA kernel time
(core time) = 0.003011570 ( 0.000869804 ) s -> PASSED

G24 : cut (average) = 13257.14 / 13337 ( 99.40% ), FPGA kernel time
(core time) = 0.003012549 ( 0.000869804 ) s -> PASSED

G25 : cut (average) = 13262.44 / 13340 ( 99.42% ), FPGA kernel time
(core time) = 0.003013803 ( 0.000869804 ) s -> PASSED

G26 : cut (average) = 13256.80 / 13328 ( 99.47% ), FPGA kernel time
(core time) = 0.003013421 ( 0.000869804 ) s -> PASSED

G27 : cut (average) = 3323.86 / 3341 ( 99.49% ), FPGA kernel time
(core time) = 0.010849928 ( 0.008698039 ) s -> PASSED

G28 : cut (average) = 3277.72 / 3298 ( 99.39% ), FPGA kernel time
(core time) = 0.006497843 ( 0.004349020 ) s -> PASSED

G29 : cut (average) = 3380.97 / 3405 ( 99.29% ), FPGA kernel time
(core time) = 0.010848867 ( 0.008698039 ) s -> PASSED

G30 : cut(average) = 3387.46 / 3413 ( 99.25% ), FPGA kernel time
(core time) = 0.006499671 ( 0.004349020 ) s -> PASSED

G31 : cut (average) = 3296.58 / 3310 ( 99.59% ), FPGA kernel time
(core time) = 0.010846124 ( 0.008698039 ) s —-> PASSED
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G32 : cut(average) = 1394.46 / 1410 ( 98.90% ), FPGA kernel time
(core time) = 0.019542269 ( 0.017396078 ) s -> PASSED
G33 : cut(average) = 1367.28 / 1382 ( 98.93% ), FPGA kernel time
(core time) = 0.019546468 ( 0.017396078 ) s -> PASSED
G34 : cut(average) = 1370.68 / 1384 ( 99.04% ), FPGA kernel time
(core time) = 0.028235555 ( 0.026094118 ) s -> PASSED
G35 : cut (average) = 7628.58 / 7687 ( 99.24% ), FPGA kernel time
(core time) = 0.005638055 ( 0.003479216 ) s -> PASSED
G36 : cut (average) = 7622.60 / 7680 ( 99.25% ), FPGA kernel time
(core time) = 0.005639398 ( 0.003479216 ) s -> PASSED
G37 : cut(average) = 7632.13 / 7691 ( 99.23% ), FPGA kernel time
(core time) = 0.005638912 ( 0.003479216 ) s -> PASSED
G38 : cut(average) = 7631.39 / 7688 ( 99.26% ), FPGA kernel time
(core time) = 0.005637739 ( 0.003479216 ) s -> PASSED
G39 : cut (average) = 2378.19 / 2408 ( 98.76% ), FPGA kernel time
(core time) = 0.015198866 ( 0.013047059 ) s -> PASSED
G40 : cut (average) = 2367.17 / 2400 ( 98.63% ), FPGA kernel time
(core time) = 0.015197196 ( 0.013047059 ) s -> PASSED
G41 : cut(average) = 2367.43 / 2405 ( 98.44% ), FPGA kernel time
(core time) = 0.010851339 ( 0.008698039 ) s -> PASSED
G42 : cut (average) = 2447.22 / 2481 ( 98.64% ), FPGA kernel time
(core time) = 0.015195246 ( 0.013047059 ) s -> PASSED
G43 : cut (average) = 6619.69 / 6660 ( 99.39% ), FPGA kernel time
(core time) = 0.003010774 ( 0.000869804 ) s -> PASSED
G44 : cut (average) = 6592.61 / 6650 ( 99.14% ), FPGA kernel time
(core time) = 0.002581100 ( 0.000434902 ) s -> PASSED
G45 : cut (average) = 6613.87 / 6654 ( 99.40% ), FPGA kernel time
(core time) = 0.003010984 ( 0.000869804 ) s -> PASSED
G46 : cut (average) = 6591.45 / 6649 ( 99.13% ), FPGA kernel time
(core time) = 0.002583113 ( 0.000434902 ) s -> PASSED
G47 : cut (average) = 6601.29 / 6657 ( 99.16% ), FPGA kernel time
(core time) = 0.002581452 ( 0.000434902 ) s -> PASSED
G51 : cut(average) = 3816.51 / 3848 ( 99.18% ), FPGA kernel time
(core time) = 0.004344999 ( 0.002174510 ) s -> PASSED
G52 : cut (average) = 3820.76 / 3851 ( 99.21% ), FPGA kernel time
(core time) = 0.004345797 ( 0.002174510 ) s -> PASSED
G53 : cut (average) = 3817.74 / 3850 ( 99.16% ), FPGA kernel time
(core time) = 0.003908539 ( 0.001739608 ) s -> PASSED
G54 : cut (average) = 3821.00 / 3852 ( 99.20% ), FPGA kernel time
(core time) = 0.005205600 ( 0.003044314 ) s -> PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac sl0 dc : Intel PAC Platform (pac £100000)

DEBUG :

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048INT2 1 O
DEBUG : Using AOCX:

/home/test0212/work/sbm vl 0 0/sbm/images/ISING C2048INT2 1 0.aocx
DEBUG : num devices 1

INFO : Time of fpga setup: 2.985635995 s

Gl : cut(average) = 11539.31 / 11624 ( 99.27% ), FPGA kernel time
(core time) = 0.001135244 ( 0.000107962 ) s -> PASSED

G2 : cut(average) = 11526.96 / 11620 ( 99.20% ), FPGA kernel time
(core time) = 0.001129960 ( 0.000071975 ) s —-> PASSED
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G3 : cut(average) = 11527.25 / 11622 ( 99.18% ), FPGA kernel time
(core time) = 0.001131011 ( 0.000071975 ) s -> PASSED

G4 : cut(average) = 11526.66 / 11646 ( 98.98% ), FPGA kernel time
(core time) = 0.001081208 ( 0.000035987 ) s -> PASSED

G5 : cut(average) = 11522.44 / 11631 ( 99.07% ), FPGA kernel time
(core time) = 0.001080978 ( 0.000035987 ) s -> PASSED

G6 : cut(average) = 2168.53 / 2178 ( 99.57% ), FPGA kernel time
(core time) = 0.001403454 ( 0.000359873 ) s —-> PASSED

G7 : cut(average) = 1988.24 / 2006 ( 99.11% ), FPGA kernel time
(core time) = 0.001401666 ( 0.000359873 ) s -> PASSED

G8 : cut(average) = 1986.44 / 2005 ( 99.07% ), FPGA kernel time
(core time) = 0.001242569 ( 0.000215924 ) s -> PASSED

G9 : cut(average) = 2029.93 / 2054 ( 98.83% ), FPGA kernel time
(core time) = 0.001242370 ( 0.000215924 ) s -> PASSED

G10 : cut(average) = 1978.85 / 2000 ( 98.94% ), FPGA kernel time
(core time) = 0.001243766 ( 0.000215924 ) s -> PASSED

Gll : cut (average) = 559.14 / 564 ( 99.14% ), FPGA kernel time
(core time) = 0.001773897 ( 0.000719745 ) s -> PASSED

Gl2 : cut (average) = 550.52 / 556 ( 99.01% ), FPGA kernel time
(core time) = 0.001773980 ( 0.000719745 ) s -> PASSED

G1l3 : cut (average) = 574.70 / 582 ( 98.75% ), FPGA kernel time
(core time) = 0.001773231 ( 0.000719745 ) s -> PASSED

Gl4 : cut(average) = 3039.72 / 3064 ( 99.21% ), FPGA kernel time
(core time) = 0.001237308 ( 0.000179936 ) s -> PASSED

G15 : cut(average) = 3025.49 / 3050 ( 99.20% ), FPGA kernel time
(core time) = 0.001239076 ( 0.000179936 ) s -> PASSED

Gl6 : cut(average) = 3028.73 / 3052 ( 99.24% ), FPGA kernel time
(core time) = 0.001294850 ( 0.000251911 ) s -> PASSED

G1l7 : cut(average) = 3020.84 / 3047 ( 99.14% ), FPGA kernel time
(core time) = 0.001238470 ( 0.000179936 ) s -> PASSED

G18 : cut (average) = 974.66 / 992 ( 98.25% ), FPGA kernel time
(core time) = 0.001346244 ( 0.000287898 ) s -> PASSED

G1l9 : cut (average) = 891.61 / 906 ( 98.41% ), FPGA kernel time
(core time) = 0.001402753 ( 0.000359873 ) s -> PASSED

G20 : cut (average) = 927.11 / 941 ( 98.52% ), FPGA kernel time
(core time) = 0.001347731 ( 0.000287898 ) s -> PASSED

G21 : cut (average) = 918.33 / 931 ( 98.64% ), FPGA kernel time
(core time) = 0.001772418 ( 0.000719745 ) s -> PASSED

G22 : cut (average) = 13267.86 / 13359 ( 99.32% ), FPGA kernel time
(core time) = 0.001131475 ( 0.000071975 ) s -> PASSED

G23 : cut (average) = 13267.51 / 13344 ( 99.43% ), FPGA kernel time
(core time) = 0.001131168 ( 0.000071975 ) s -> PASSED

G24 : cut (average) = 13260.14 / 13337 ( 99.42% ), FPGA kernel time
(core time) = 0.001132685 ( 0.000071975 ) s -> PASSED

G25 : cut (average) = 13264.84 / 13340 ( 99.44% ), FPGA kernel time
(core time) = 0.001131922 ( 0.000071975 ) s -> PASSED

G26 : cut (average) = 13256.76 / 13328 ( 99.47% ), FPGA kernel time
(core time) = 0.001132248 ( 0.000071975 ) s -> PASSED

G27 : cut (average) = 3324.12 / 3341 ( 99.49% ), FPGA kernel time
(core time) = 0.001774008 ( 0.000719745 ) s -> PASSED

G28 : cut (average) = 3276.24 / 3298 ( 99.34% ), FPGA kernel time
(core time) = 0.001402539 ( 0.000359873 ) s —-> PASSED
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G29 : cut (average) = 3381.02 / 3405 ( 99.30% ), FPGA kernel time
(core time) = 0.001774168 ( 0.000719745 ) s -> PASSED
G30 : cut(average) = 3391.13 / 3413 ( 99.36% ), FPGA kernel time
(core time) = 0.001401921 ( 0.000359873 ) s -> PASSED
G31 : cut(average) = 3293.64 / 3310 ( 99.51% ), FPGA kernel time
(core time) = 0.001772701 ( 0.000719745 ) s -> PASSED
G32 : cut(average) = 1394.98 / 1410 ( 98.93% ), FPGA kernel time
(core time) = 0.002474579 ( 0.001439490 ) s -> PASSED
G33 : cut(average) = 1367.20 / 1382 ( 98.93% ), FPGA kernel time
(core time) = 0.002473644 ( 0.001439490 ) s -> PASSED
G34 : cut(average) = 1371.18 / 1384 ( 99.07% ), FPGA kernel time
(core time) = 0.003172511 ( 0.002159236 ) s -> PASSED
G35 : cut (average) = 7631.08 / 7687 ( 99.27% ), FPGA kernel time
(core time) = 0.001346002 ( 0.000287898 ) s -> PASSED
G36 : cut (average) = 7623.69 / 7680 ( 99.27% ), FPGA kernel time
(core time) = 0.001345553 ( 0.000287898 ) s -> PASSED
G37 : cut(average) = 7632.64 / 7691 ( 99.24% ), FPGA kernel time
(core time) = 0.001344986 ( 0.000287898 ) s -> PASSED
G38 : cut (average) = 7632.52 / 7688 ( 99.28% ), FPGA kernel time
(core time) = 0.001346971 ( 0.000287898 ) s -> PASSED
G39 : cut (average) = 2376.18 / 2408 ( 98.68% ), FPGA kernel time
(core time) = 0.002100899 ( 0.001079618 ) s -> PASSED
G40 : cut (average) = 2366.51 / 2400 ( 98.60% ), FPGA kernel time
(core time) = 0.002100202 ( 0.001079618 ) s -> PASSED
G41 : cut (average) = 2366.48 / 2405 ( 98.40% ), FPGA kernel time
(core time) = 0.001773197 ( 0.000719745 ) s -> PASSED
G42 : cut (average) = 2446.40 / 2481 ( 98.61% ), FPGA kernel time
(core time) = 0.002098914 ( 0.001079618 ) s -> PASSED
G43 : cut (average) = 6614.74 / 6660 ( 99.32% ), FPGA kernel time
(core time) = 0.001130044 ( 0.000071975 ) s -> PASSED
G44 : cut (average) = 6592.56 / 6650 ( 99.14% ), FPGA kernel time
(core time) = 0.001081654 ( 0.000035987 ) s -> PASSED
G45 : cut (average) = 6616.14 / 6654 ( 99.43% ), FPGA kernel time
(core time) = 0.001132551 ( 0.000071975 ) s -> PASSED
G46 : cut(average) = 6592.11 / 6649 ( 99.14% ), FPGA kernel time
(core time) = 0.001080667 ( 0.000035987 ) s -> PASSED
G47 : cut (average) = 6598.98 / 6657 ( 99.13% ), FPGA kernel time
(core time) = 0.001080955 ( 0.000035987 ) s -> PASSED
G51 : cut(average) = 3816.72 / 3848 ( 99.19% ), FPGA kernel time
(core time) = 0.001238336 ( 0.000179936 ) s -> PASSED
G52 : cut (average) = 3820.72 / 3851 ( 99.21% ), FPGA kernel time
(core time) = 0.001239302 ( 0.000179936 ) s -> PASSED
G53 : cut (average) = 3817.55 / 3850 ( 99.16% ), FPGA kernel time
(core time) = 0.001186997 ( 0.000143949 ) s -> PASSED
G54 : cut (average) = 3821.04 / 3852 ( 99.20% ), FPGA kernel time
(core time) = 0.001293886 ( 0.000251911 ) s -> PASSED

DEBUG : Platform: Intel (R) FPGA SDK for OpenCL (TM)

DEBUG : Using 1 device(s)

DEBUG : pac s10 dc : Intel PAC Platform (pac £100000)

DEBUG :

PATH=/home/test0212/work/sbm vl 0 0/sbm/images/ISING C8192INT2 1 O
DEBUG : Using AOCX:
/home/test0212/work/sbm vl 0 0/sbm/images/ISING C8192INT2 1 0.aocx
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DEBUG
INFO
Gl
(core
G2
(core
G3
(core
G4
(core
G5
(core
G6
(core
G7
(core
G8
(core
G9
(core
G10
(core
Gl1l
(core
Gl2
(core
G1l3
(core
G1l4
(core
G15
(core
Gl6
(core
G17
(core
G18
(core
G1l9
(core
G20
(core
G21
(core
G22
(core
G23
(core
G24
(core
G25
(core

num devices 1
Time of fpga setup:
cut (average)
time) 0.018521832 (
cut (average) 11526
time) 0.018154396 (
cut (average)
time) 0.018157935 (
cut (average)
time) 0.017794427 (
cut (average) 11522
time) 0.017792201 (
cut (average)
time) 0.021069763 (
cut (average)
time) 0.021067299 (
cut (average) 1986
time) 0.019616388 (
cut (average)
time) 0.019617600 (
cut (average)
time) 0.019614449 (
cut (average) 559
time) 0.024713408 (
cut (average)
time) 0.024714101 (
cut (average)
time) 0.024713621 (
cut (average) 3039
time) 0.019247668 (
cut (average)
time) 0.019249242 (
cut (average)
time) 0.019975660 (
cut (average) 3020
time) 0.019248836 (
cut (average)
time) 0.020338645 (
cut (average)
time) 0.021072593 (
cut (average) 927
time) 0.020342400 (
cut (average)
time) 0.024716439 (
cut (average)
time) = 0.018154012 (
cut (average)
time) = 0.018152900 (
cut (average)
time) 0.018160259 (
cut (average)
time) 0.018153328 (

11539.

11527.

11526.

2168.

1988.

2029.

1978.

550.

574.

3025.

3028.

974.

891 .

918 .

13267.

13267.

13260.

13264.

3.313207484 s

31 / 11624 ( 99.
0.001093750 ) s
.96 / 11620 ( 99.
0.000729167 ) s
25 / 11622 ( 99.
0.000729167 ) s
66 / 11646 ( 98.
0.000364583 ) s
.44 / 11631 ( 99.
0.000364583 ) s
53 / 2178 ( 99.
0.003645833 ) s
24 / 2006 ( 99.
0.003645833 ) s
.44 / 2005 ( 99.
0.002187500 ) s
93 / 2054 ( 98.
0.002187500 ) s
85 / 2000 ( 98.
0.002187500 ) s
.14 / 564 ( 99.
0.007291667 ) s
52 / 556 ( 99.
0.007291667 ) s
70 / 582 ( 98.
0.007291667 ) s
.72/ 3064 ( 99.
0.001822917 ) s
49 / 3050 ( 99.
0.001822917 ) s
73 / 3052 ( 99.
0.002552083 ) s
.84 / 3047 ( 99.
0.001822917 ) s
66 / 992 ( 98.
0.002916667 ) s
61 / 906 ( 98.
0.003645833 ) s
.11/ 941 ( 98.
0.002916667 ) s
33 / 931 ( 98.
0.007291667 ) s
86 / 13359 ( 99.
0.000729167 ) s
51 / 13344 ( 99.
0.000729167 ) s
14 / 13337 ( 99.
0.000729167 ) s
84 / 13340 ( 99.

0.000729167 ) s
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27% ), FPGA
-> PASSED
20% ), FPGA
-> PASSED
18% ), FPGA
-> PASSED
98% ), FPGA
-> PASSED
07% ), FPGA
-> PASSED
57% ), FPGA
-> PASSED
11% ), FPGA
-> PASSED
07% ), FPGA
-> PASSED
83% ), FPGA
-> PASSED
94% ), FPGA
-> PASSED
14% ), FPGA
-> PASSED
01% ), FPGA
-> PASSED
75% ), FPGA
-> PASSED
21% ), FPGA
-> PASSED
20% ), FPGA
-> PASSED
24% ), FPGA
-> PASSED
14% ), FPGA
-> PASSED
25% ), FPGA
-> PASSED
41% ), FPGA
-> PASSED
52% ), FPGA
-> PASSED
64% ), FPGA
-> PASSED
32% ), FPGA
-> PASSED
43% ), FPGA
-> PASSED
42% ), FPGA
-> PASSED
44% ), FPGA
-> PASSED
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G26 : cut (average) = 13256.76 / 13328 ( 99.47% ), FPGA kernel time
(core time) = 0.018151583 ( 0.000729167 ) s —-> PASSED
G27 : cut(average) = 3324.12 / 3341 ( 99.49% ), FPGA kernel time
(core time) = 0.024716923 ( 0.007291667 ) s -> PASSED
G28 : cut (average) = 3276.24 / 3298 ( 99.34% ), FPGA kernel time
(core time) = 0.021068234 ( 0.003645833 ) s -> PASSED
G29 : cut (average) = 3381.02 / 3405 ( 99.30% ), FPGA kernel time
(core time) = 0.024714991 ( 0.007291667 ) s -> PASSED
G30 : cut(average) = 3391.13 / 3413 ( 99.36% ), FPGA kernel time
(core time) = 0.021072058 ( 0.003645833 ) s -> PASSED
G31 : cut(average) = 3293.64 / 3310 ( 99.51% ), FPGA kernel time
(core time) = 0.024715193 ( 0.007291667 ) s —-> PASSED
G32 : cut(average) = 1394.98 / 1410 ( 98.93% ), FPGA kernel time
(core time) = 0.032002710 ( 0.014583333 ) s -> PASSED
G33 : cut (average) = 1367.20 / 1382 ( 98.93% ), FPGA kernel time
(core time) = 0.032006323 ( 0.014583333 ) s -> PASSED
G34 : cut(average) = 1371.18 / 1384 ( 99.07% ), FPGA kernel time
(core time) = 0.039294627 ( 0.021875000 ) s -> PASSED
G35 : cut (average) = 7631.08 / 7687 ( 99.27% ), FPGA kernel time
(core time) = 0.020341601 ( 0.002916667 ) s -> PASSED
G36 : cut (average) = 7623.69 / 7680 ( 99.27% ), FPGA kernel time
(core time) = 0.020338461 ( 0.002916667 ) s -> PASSED
G37 : cut(average) = 7632.64 / 7691 ( 99.24% ), FPGA kernel time
(core time) = 0.020338859 ( 0.002916667 ) s -> PASSED
G38 : cut (average) = 7632.52 / 7688 ( 99.28% ), FPGA kernel time
(core time) = 0.020341385 ( 0.002916667 ) s -> PASSED
G39 : cut (average) = 2376.18 / 2408 ( 98.68% ), FPGA kernel time
(core time) = 0.028358871 ( 0.010937500 ) s -> PASSED
G40 : cut (average) = 2366.51 / 2400 ( 98.60% ), FPGA kernel time
(core time) = 0.028357511 ( 0.010937500 ) s -> PASSED
G41 : cut (average) = 2366.48 / 2405 ( 98.40% ), FPGA kernel time
(core time) = 0.024713721 ( 0.007291667 ) s -> PASSED
G42 : cut (average) = 2446.40 / 2481 ( 98.61% ), FPGA kernel time
(core time) = 0.028354721 ( 0.010937500 ) s -> PASSED
G43 : cut (average) = 6614.74 / 6660 ( 99.32% ), FPGA kernel time
(core time) = 0.018156961 ( 0.000729167 ) s -> PASSED
G44 : cut (average) = 6592.56 / 6650 ( 99.14% ), FPGA kernel time
(core time) = 0.017791510 ( 0.000364583 ) s -> PASSED
G45 : cut (average) = 6616.14 / 6654 ( 99.43% ), FPGA kernel time
(core time) = 0.018152410 ( 0.000729167 ) s -> PASSED
G46 : cut (average) = 6592.11 / 6649 ( 99.14% ), FPGA kernel time
(core time) = 0.017793650 ( 0.000364583 ) s -> PASSED
G47 : cut (average) = 6598.98 / 6657 ( 99.13% ), FPGA kernel time
(core time) = 0.017791359 ( 0.000364583 ) s -> PASSED
G48 : cut (average) = 5953.78 / 6000 ( 99.23% ), FPGA kernel time
(core time) = 0.018153764 ( 0.000729167 ) s -> PASSED
G49 : cut (average) = 5940.84 / 6000 ( 99.01% ), FPGA kernel time
(core time) = 0.018152865 ( 0.000729167 ) s -> PASSED
G50 : cut (average) = 5834.06 / 5880 ( 99.22% ), FPGA kernel time
(core time) = 0.018155474 ( 0.000729167 ) s -> PASSED
G51 : cut(average) = 3816.72 / 3848 ( 99.19% ), FPGA kernel time
(core time) = 0.019250046 ( 0.001822917 ) s —-> PASSED
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G52 : cut (average) = 3820.72 / 3851 ( 99.21% ), FPGA kernel time
(core time) = 0.019248623 ( 0.001822917 ) s -> PASSED
G53 : cut (average) = 3817.55 / 3850 ( 99.16% ), FPGA kernel time
(core time) = 0.018880475 ( 0.001458333 ) s -> PASSED
G54 : cut (average) = 3821.04 / 3852 ( 99.20% ), FPGA kernel time
(core time) = 0.019976614 ( 0.002552083 ) s -> PASSED
G55 : cut (average) = 10222.49 / 10299 ( 99.26% ), FPGA kernel time
(core time) = 0.019616771 ( 0.002187500 ) s -> PASSED
G56 : cut (average) = 3989.89 / 4017 ( 99.33% ), FPGA kernel time
(core time) = 0.046587996 ( 0.029166667 ) s -> PASSED
G57 : cut(average) = 3462.20 / 3494 ( 99.09% ), FPGA kernel time
(core time) = 0.090331964 ( 0.072916667 ) s -> PASSED
G58 : cut (average) = 19134.49 / 19293 ( 99.18% ), FPGA kernel time
(core time) = 0.019613959 ( 0.002187500 ) s -> PASSED
G59 : cut (average) = 6019.58 / 6087 ( 98.89% ), FPGA kernel time
(core time) = 0.053877484 ( 0.036458333 ) s -> PASSED
G60 : cut (average) = 14080.47 / 14190 ( 99.23% ), FPGA kernel time
(core time) = 0.019614184 ( 0.002187500 ) s -> PASSED
G61l : cut(average) = 5745.69 / 5798 ( 99.10% ), FPGA kernel time
(core time) = 0.032006100 ( 0.014583333 ) s -> PASSED
G62 : cut (average) = 4826.66 / 4870 ( 99.11% ), FPGA kernel time
(core time) = 0.090330541 ( 0.072916667 ) s -> PASSED
G63 : cut (average) = 26827.61 / 27045 ( 99.20% ), FPGA kernel time
(core time) = 0.019615762 ( 0.002187500 ) s -> PASSED
G64 : cut (average) = 8660.93 / 8751 ( 98.97% ), FPGA kernel time
(core time) = 0.090330809 ( 0.072916667 ) s -> PASSED
G65 : cut (average) = 5509.26 / 5562 ( 99.05% ), FPGA kernel time
(core time) = 0.090332441 ( 0.072916667 ) s -> PASSED

Total FAILED count: O

--- G,K,M check (end) ---

—-—-—- TSP check (start) ---

make: ‘all' IZRLTITSIRZFEHY FHA.

INFO : Time of fpga setup: 2.900103878 s

minimum distance: 704.00

The route is as follows

[ 16 15 14 13 12 11 10 9 8 7 6 54 2 3 0 1 41 40 39 38 37 36 35 34
33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 ]

dist( 704.00 ), FPGA kernel time (core time) = 0.006441823
( 0.004301158 ) s -> OK

—-—-—- TSP check (end) ---
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