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Description
Goto et al. (2021)DFH X TRESMNTUL\DSQBM+DETET7)LT U X LAbSB

algo=15DAUR(CHIZ. CZESBVZIILIUXLAEFHATY TBICEBAHLET. TNITKD.
BEDCZIEEITDRIDEHEENNEIT D ENGDET.

algo=15DAUR(CHNZ. SBT7)LTYUXLATDOQUBOREITH DR EEZBEEMN(CRT—U> T UET,
QUBOBREITIIDEREDDMICRO N HDHBEIC. BENRETDZENHDFET.

151 &£ 154DMAZEMLET .
Goto et al. (2021)DiwX THKREIN TL\DSQBM+DETET7)LT U X AdSB

algo=20DIUB(CINZ. CZESBVIILITUXAEMATYIBCEBAHLET. INICKD.
BEEDCEIEET DLDEHEENNET D ENHDFET.

algo=20DAUR(CHNR. SBI7)LTYUXLATDQUBOREITIDREEZBEN(CRT— U T ULET,
QUBOFREITIIDEREDDHICRON H2HBEIC. BENREIT DI ENHDET,



Algorithm  Description

205 201&£204DM5ERMELET .
MRET—S1EE

RIS —SIEE T, BET 4 ([CH3FREITIZQUBORRN TRIR I Z2WENHDFE T, SXSNIMECH T2 TRILF—5TEIFQUBOITSIZ
BARUTGHEENET . IMEDHRERBDITRIILF—FUTORERDFT, ¢

E:ZQij'$i'$j

i>j

Q;;[FATHIDER, z; € {0,1}(FquboZHERLET., CORFUTORCEMTEET. ¢

EZZQU'%'%-FZQM'%
i>j i
ZOR(FQUBOTTHIDM ARSI =0 E L T, EEERTL U ERDET,
qubo¥/JLJ \—(EMatrixMarket EHDF5D 2 DDFT —F T+ —< v hMaHR— MU TWET,
QUBOTHI DR ER(FHEIEN 1e+20A F THDIRENHDE T,

MatrixMarket 7 A —<wV b

fIRET —4 [EMatrixMarket I 4 —<w N2 BRAT I ENTEET . FH#ll(C DU T(Ehttps://math.nist.gov/MatrixMarket/formats.html Z R < &
UYo

o SQBM+(Esymmetry & L Cgeneral DHHP7R— kL TWET, 1272 Lqubo V)L \—hiR 3 SHIE Td Dvalue(F AR D Z SO T =AITIIDERD
HEFERAUTETESNE T, symmetriciEE (FEABIIEE U THR— ML TWEIH, SEELEFETY . LPsymmetriciEEUEIBE TS
general E ERRICALIBENFE T,

o EMEEZEMatrixMarket 7 4 —< W "AZHRT B75E(CDNTIE. quboV/ L/ \—DERAICEEH TN TULBMAX-CUTHIEDFIZSIR L T IEE
(AN

o T—5547(CintegerMIBE SN TVINWERDT —FhrealDIZE(E. quboVILIN—F TS —ZIRE T (CERBEDT —F 51 T =B U Treal &
U CEtBZITVWEY,

o ITHIDERZA>TYIRXATIEEITDEE, AUERZEELUTBELRVWKLDISERELTLIZEW, EENS D LIHBEDqubo V)L \—DENE
[FARET. AFT—HFRXT—R400DIS—MRDIBENHDET .

quboVJLI\—EHDF5J A4 —<X v b

HDF5J 4 —<w b\ FURIRET — 5% HR— bLTWET, T4 —<w hOFEMICDUVTI https:/www.hdfgroup.org/solutions/hdf5/ % Z TR
<IZELN,

o SQBM+[FANT 7 AILDONA\YEH—ZHR L. ANT—FITA—Iv hZR#HLEFET, TOEH. - —EFTA -V M TZIEEIT DINE
[FHBDOFEEA
o SQBM+M'3Z(FDIFBHDF5T 7 1 JLIFA T D2 DD D EE SHTRITNIFRDFEEA.

ERQUBOTHICHIX LTz D 7 1 LB AL

BATHIDRIR(CIFCSRI A —Tw hEFEALTVET, FHHlllE
https://en.wikipedia.org/wiki/Sparse_matrix#Compressed_sparse_row_(CSR,_CRS_or_Yale_format) & TR < /2= 0\, SIR5MROW_INDEX
HVqubo/indptr. COL_INDEX/Y/qubo/indices. V7¥/qubo/datalC3icLTCWVET . T 71 IUERKIFLTFDLDICIRD TULET,

+-Group("/qubo™)
+-DataSet("/qubo/data")
|  +-Attribute["format"]="csr"
+-DataSet("/qubo/indptr")
+-DataSet("/qubo/indices")

/qubo/indptr. /qubofindices. /qubo/dataldk 1 RTHEFITY
EQUBOTINCHIREL L T=T 7 1 JLHBEE

T7AINBRRIELTFDRSICIRDTWLWET,

+-Group("/qubo™)
+-DataSet("/qubo/data")

+-Attribute["format"]="dense"

/qubo/dataldQUBOFTEI (CXTIS U Tz2/Rthe5I T,

F—IIALT


https://www.hdfgroup.org/solutions/hdf5/

BRQUBOTTHIISIE L= 7 7 A LR EERT SIS ERIDEREUTOT—2 4 TEEALTLESL,
data array: float32

indices array: uint32

indptr array: uint32

FEQUBOTTHIICH G L= 7 7 A LB EEAT 2RICIEREINDBEREUTOT—8 14 TEFEALTILEL,
data array: float32

KROERTTECDVTIE HDF5 filez AT —42 & U TER LN 2R EE0N,
ANBERET—4 (CET 3 HIR
quboVILI\—h'RZ BREEY -+ X (CIZA T OHIBRNA S D ET,

o quboZEEIDEL(3100,000A F THDIHENSHDET,
o QUBOTTFIDIFEZOEZRE1(3:800,000,000A F THIMNENHDET,
FZIZUXAEY DE%_£800,000,000A F OIS TEHEMMESNIRWEENHDET.

qubo¥VLIN—DL AR > X 1%

LRARSRARFT—HR

DYIN—HBL RS ZART—H X ERETT,
LARIZAAY 5 —

DY)V —HBL AR ANV S — EBHET T,

LARRART 1

Table 10DIEE%RE. £V)LI\—HEL 2R ZRT 1 EEHRTY,

Table 10 quboVJL/\—D L AR AT {14k

Property name Description

value QUBOEF /L CETESNIZEHMEME(C/R D FE T,

result ZqQuboZEI DAL, quboZEMNE DD EE (I, resultld [e,1,1,0,0] (CKDITIRDET,
param steps &quboVJLIN\—EHB/(S A -5 —& U TCalgo. dt. CHAARRSINET,

qubo¥ JL)\—D{ERHI

MAX-CUTRIEZ I & U TquboV LI\ —DERAEZSALET. MAX-CUTRIREE (3T S TJDIESZ2DDIIL—TF(CHEITDEE(C. hy hand
DDENRKICIRDELDRIDAZIRIBBECTYT . EATMAX-CUTRIRBIFZBICEHNDNTED. Hv hENDILDEHDEIINRKICIRDUIDA
ZIRIBIREICIRADE T, Figure 5 (N TDEHMNMDIHE)DMAX-CUTHEE(SEEMHFNSDHDET,

Figure 5 MAX-CUTRI&

MAX-CUTRIED BB FISingETILICK DU T DL D ICRIRTEFT.

minimize E = —% ; Wii (1 — sis;)
s; € {—1,1}EREEHTH D, TOMERIERN2EDENDII—TDESS(CHEYT DM ERLET. W;;dBij0EHZRLES, BUIESR
TETERGABHELTE D, HDBTEN > TLNE. RUIIL—T(CFEI D LICIRDET ., ZDBEsis; = 1ERDET, BULIEIHERDIIL
—TJICFRLTWSIBER. 55, = —1&RDFET, TNE BHELTOWBTERDBIOIIL-TICBL TSR, DED. LDZE < D2JEREDIAN
PENTVRER. IRIILF—EINE<RBITEZRUTVET.
SQBM+Dqubo VLI \—ADANBE(FQUBOER THDIMNENDDFET ., TDHIsingET)LIFQUBOETILICEREINDIMENHDFT ., QUBO



ERTEZE#H,; € {0,1}THZDT. REZEHLs; = 2z, — LERRTEET, INEISingEFTILICRALRZEIBIT S & LUFDOQUBOER®D
BrEHIMMESNET .
minimize B = Z Wii(2ziz; — i — ;)
i>j

N SquboVILIN—ADAFITHBQUBOITHIZEF D EMNTEET ., Figure 5MDBIDIHZE. QUBOTTHI(EFigure 6D KD (CIRNDET, 1RIEDFREL
AN DZEERLE T EHW;; [FiEMATEN D TONIETELTWVET,

J
-2
2 | -3
i 2 2 | -3
2 -2
2 2 | -2
Figure 6 QUBOYT51

Figure 7(&Figure 6MQUBOITHIN S1ER LTzDquboVILIN—NDAN T 7 A ILERULTWET . qubotxthi T 71L& THD. MatrixMarket T A+ —<
v BT L TWET,

$ cat qubo.txt
%%MatrixMarket matrix coordinate integer general
5511

11-2

212

22 -3

312

322

33-3

422

4 4 -2

532

542

55 -2

Figure 7 Matrix Market 7 -+ — < kol

Figure 70qubo.txtZ A L. qubo )L/ \—TMAX-CUT problemPlZ R\ Z#ERIFU T DL S ICRDET,
$ curl -i -H "Content-Type: application/octet-stream" -X POST "http://sqbmplus_server:8000/solver/qubo" --data-binary "@qubo.txt"

HTTP/1.1 200 OK

X-Calculation-Time: 10.047

X-1D: r2344244196

Content-Type: application/json; charset=utf-8
Content-Length: 182

ETag: W/"b6-2RQvWplqZ6gO70gxvIxXQqMT3ZQ8"
Date: Tue, 17 Jan 2023 09:17:48 GMT
Connection: keep-alive

Keep-Alive: timeout=5

{"id":"r2344244196","time":10.047,"wait":0,"message":"timeout","runs":517010,"value":-5,"result":[1,1,0,0,1],"param":
{"algo":20,"steps":2,"dt":0.7796917,"C":0.1791543},"count":97500}

ZDELDIT[M,1,0,0,1DORITHEBDITENTEEY, FER(FIFigure SORBLIERERLTWET ., TDOY > TILEET (IERDREHENFIET DD
T. WDOTHERUBRENESNZIDIITIEHDEE A

NS A—5—DFHEH

ZIHB5EEF. quboVILIN—DIS A -5 —&EHZBNTLET .



steps &loopsDEEEH

curl -i -H "Content-Type: application/octet-stream" -X POST "http://sqbmplus_server:8000/solver/qubo?steps=1000&loops=10" --data-binary
"@qubo.txt"

HTTP/1.1 200 OK

X-Calculation-Time: 0.136

X-ID: r4641477837

Content-Type: application/json; charset=utf-8
Content-Length: 184

ETag: W/"b8-51W9ZBtd9mXZhimG1zIjOXEQTDA"
Date: Tue, 17 Jan 2023 09:19:34 GMT
Connection: keep-alive

Keep-Alive: timeout=5

{"id":"r4641477837","time":0.136,"wait":0.001,"message":"finished","runs":800,"value":-5,"result":[1,1,0,0,1],"param":
{"algo":20,"steps":1000,"dt":0.7796917,"C":0.1791543},"count":191}

C & dtDRTER

curl -i -H "Content-Type: application/octet-stream" -X POST "http://sqbmplus_server:8000/solver/qubo?steps=300&loops=1&C=0.29874&dt=0.1" --
data-binary "@qubo.txt"

HTTP/1.1 200 OK

X-Calculation-Time: 0.081

X-ID: r1183957498

Content-Type: application/json; charset=utf-8
Content-Length: 170

ETag: W/"aa-CraW/VGpZp4+y/IE7hl/Twt+gGc"
Date: Tue, 17 Jan 2023 09:21:42 GMT
Connection: keep-alive

Keep-Alive: timeout=5

{"id":"r1183957498","time":0.081,"wait":0,"message":"finished","runs":200,"value":-5,"result":[1,0,1,1,0],"param":
{"algo":20,"steps":300,"dt":0.1,"C":0.29874},"count":54}

UE— MEHEH
target CHETE U /ZEHME(value) MG SN2 ME 1 L7770 MMIRBF THEZRITE I,

curl -i -H "Content-Type: application/octet-stream™ -X POST "http://sqbmplus_server:8000/solver/qubo?steps=300&loops=0&target=-5&timeout=10"
--data-binary "@qubo.txt"

HTTP/1.1 200 OK

X-Calculation-Time: 0.079

X-1D: r3501222743

Content-Type: application/json; charset=utf-8
Content-Length: 181

ETag: W/"b5-TUBZD4uvYgfePoE1iQ1630isI9w"
Date: Tue, 17 Jan 2023 09:22:40 GMT
Connection: keep-alive

Keep-Alive: timeout=5

"id":"r3501222743","time":0.079,"wait":0.001,"message":"reached","runs":110,"value":-5,"result":[0,0,1,1,0],"param":
{"algo":20,"steps":300,"dt":0.7796917,"C":0.1791543},"count":30}

i<t d i epali]
curl -i -H "Content-Type: application/octet-stream" -X POST "http://sqbmplus_server:8000/solver/qubo?maxout=3" --data-binary "@qubo.txt"

HTTP/1.1 200 OK

X-Calculation-Time: 10.048

X-1D: r2036897887

Content-Type: application/json; charset=utf-8
Content-Length: 410

ETag: W/"19a-VrKf6zNLBNSDbkqrDi4G+A1U97w"
Date: Tue, 17 Jan 2023 09:23:40 GMT



Connection: keep-alive
Keep-Alive: timeout=5

{"id":"r2036897887","time":10.048,"wait":0,"message":"timeout","runs":507080,"value":-5,"result":[0,1,0,0,1],"param":
{"algo":205,"steps":2,"dt":0.7796917,"C":0.1791543},"count":95629,"others":[{"value":-5,"result":[0,0,1,1,0],"param":
{"algo":205,"steps":2,"dt":0.7796917,"C":0.1791543},"count":95694},{"value":-5,"result":[1,1,0,0,1],"param":
{"algo":205,"steps":2,"dt":0.7796917,"C":0.1791543},"count":96091}]}

HDFS5 fileZAHDT—45 & L THEA LIS

curl -X POST -H "Content-Type: application/octet-stream" "http://sgbmplus_server:8000/solver/qubo?timeout=1" --data-binary @qubo.h5

{"id":"r4139464394","time":1.043,"wait":0,"message":"timeout","runs":70790,"value":-5,"result":[0,0,1,1,0],"param":
{"algo":20,"steps":2,"dt":0.7796917,"C":0.1791543},"count":13150}

MatrixMarket 7 —<w ~J 7 1 JLIMNSHDF5 file N\OZR(C(FUA T DU > FILTOI S L% FERALUTVET,



#!/usr/bin/env python3
# -*- coding: utf-8 -*-

import os, itertools as it
import argparse

import numpy as np
import hSpy
from scipy.sparse import csr_matrix

comp = 'gzip'
opts =1
def triangular(M):

def

def

THETZATICERT 5. 1 LMDERELLHENESIZT 5,

Argument:
M (Numpy array): 1731

Return:

MM (Numpy array): T=F1T3
MM = np.zeros(M.shape)
for i in range(M.shape[0]):

for j in range(M.shape[1]):

if i > j:
MM[1,3] = M[1,3] + M[3,1]
elif i == j:
MM[1,3] = M[1,3]
return MM

parse_qubo(file):

MatrixMarket 7 #+—< v ~ZHE

Argument:
file: MatrixMarketZ7+—< v b
Return:
H (Numpy array): BHIBSHD2RIEZEZRT 1T

wun

stm = (line.strip() for line in file) #¥zHRL—%—

# %%MatrixMarket matrix coordinate real symmetric®H(IUVD7ZELY
_ = next(stm)

n_vars, _, nnz = map(int, next(stm).split())

H = np.zeros((n_vars, n_vars))

for s0,s1,s2 in map(str.split, it.islice(stm, nnz)):
H[int(s@)-1,int(s1)-1] = float(s2)

return H

write_matrix_HDF5(M, quboFileName, path, comp_flag, form):
SBMIZA IS BHDFS 7 7 A LEERLT B
ZOAYY RTRIZANADFTHNT—2OEEAHERET 5,

Argument:
M (Numpy array): QUBOFTZl
quboFileName (String): HAEDhdf5SHXT 74 LA
path (String): hdfsD T IL—T, T —TTHET 5/8Z, il "categoryl/category2"
comp_flag (Boolean): EffEZxd HMNESINEEHSD, True or False
form (String): fTHIZREFTIHRIEE. CSRERXD. 02 EDHLERERE (dense)T HM
Return:

if form == 'dense':
with h5py.File(quboFileName, mode='a') as hf:
group = hf.create_group(f'/{path}")
# data® & (Inp.float32
if comp_flag == True:
temp = group.create_dataset(name='data', shape=M.shape, dtype=np.float32, data=M,
compression=comp, compression_opts=opts)
else:
temp = group.create_dataset(name='data', shape=M.shape, dtype=np.float32, data=M)
temp.attrs['format'] = 'dense’



elif form == 'csr':
= csr_matrix(M)

MM

hf.close()

# LUTOLAT7ITRETSHL
with h5py.File(quboFileName, mode='a') as hf:

def main():

group = hf.create_group(f'/{path}")
# data® & (&np.float32
if comp_flag == True:

temp = group.create_dataset(name='data', shape=MM.data.shape, dtype=np.float32,

compression=comp, compression_opts=opts)

else:

temp = group.create_dataset(name='data', shape=MM.data.shape, dtype=np.float32)
temp[:] = MM.data[:]
temp.attrs['format'] = 'csr
if comp_flag == True:

temp = group.create_dataset(name="'shape', shape=(len(M.shape),), dtype=np.int32,

compression=comp, compression_opts=opts)
else:
temp = group.create_dataset(name='shape’, shape=(len(M.shape),), dtype=np.int32)
temp[:] = M.shape[:]
# indices® & (Inp.uint32
if comp_flag == True:
temp = group.create_dataset(name='indices', shape=MM.indices.shape, dtype=np.uint32,
compression=comp, compression_opts=opts)
else:
temp = group.create_dataset(name='indices', shape=MM.indices.shape, dtype=np.uint32)
temp[:] = MM.indices[:]
# indptr®D & (EInp.uint32
if comp_flag == True:
temp = group.create_dataset(name="indptr', shape=MM.indptr.shape, dtype=np.uint32,
compression=comp, compression_opts=opts)
else:
temp = group.create_dataset(name="indptr', shape=MM.indptr.shape, dtype=np.uint32)
temp[:] = MM.indptr[:]
hf.close()

argparser = argparse.ArgumentParser()

argparser.add_argument("input_file_path", type=str)

argparser.add_argument("--input_type", type=str, choices=['gplib', 'qubo'], default='gplib"')
argparser.add_argument("--format", type=str, choices=['csr', 'dense'], default='csr')
argparser.add_argument("--comp", action='store_true')

args =
comp =
form =

argparser.parse_args()
args.comp
args.format

# HAT7ANBEER

REQ_HDF5 = os.path.splitext(os.path.basename(args.input_file_path))[0] +
print(’

" .hs'
output:', REQ_HDF5)

if os.path.exists(REQ_HDF5):

os.

remove (REQ_HDF5)

with open(args.input_file_path) as f:

if args.input_type == 'qplib’':
(_, _, p_sense, H_o, g o, f o, Ao, cl_o, cu_o) = parse_gplib(f)
n = H_o.shape[9]
m = A_o.shape[0]
if (p_sense.lower() == "maximize"):
H, g = -H_o, -g_o
else:
H, g = +H_o, +g_o
write_matrix_HDF5(triangular(H), REQ_HDF5, '/qubo', comp, form)
write_vector_HDF5(g, REQ_HDF5, '/linear', comp)
# HHE—DOTALY M)ICEEDHD
write_matrix_HDF5(A_o, REQ HDF5, '/constraints/coeff', comp, form)#{F#
write_vector HDF5(cl_o, REQ_HDF5, '/constraints/lower', comp)# TR
write_vector_ HDF5(cu_o, REQ_HDF5, '/constraints/upper', comp)#_Lt[R
else:
H = parse_qubo(f)
write_matrix_HDF5(H, REQ_HDF5, '/qubo', comp, form)
if __name__ == '__main__"':

main()



qplib¥YJLI\—

aplibV LI \— (/N FUZE 2RO BRI SREZRIIN SIEBR SN D 2R ETEREEBEEFE I, gplibV )L/ \— (B DOQUBOFREITSI &
(IR SHRZHIF 2R ITED . RERTESEERERZRULET,

RIREDER (MRAZBIHM E )\ U 2.REHEIRE)
o
z e {0,1}"
o J\SA—H—:
Q,A,LHS,RHS
o HIHIT E2RETEIRIRE:
minimize %;;;T ‘Q-z+B-x
subject to LHS < A-x < RHS

BrESICERSN TS Q(FQUBOTTS. BIIHREFZIADMREANT MLTY,
RICHIRMCERZENTOBAGFM x NiTHITY., MEH#ETH O, NEEHOHTT, ZOTHICED

e —1<z+2p+23<1
o 3<zr1+23<1
e 4<z, <1

DESREROEHNEEEHT LHS < A-z < RHS ERRLTVET,
LEofITE LHS = {~1,-3,—4}. RHS = {1,1,1}0ORI MLTT.

. 2T, LHS,RHS BUFOENDEBEZLTVNBBENGDET, ZZTld LHS AT MNLOMEERS%E LHS, EWSESICRELT
RES
o IR, FRAEZESNTLS EXORERENN
LHS,, < RHS,,, LHS,, € R, RHS,, € R
o FRAEZESN TR EXORERHN
LHS,, € R,RHS,, = +inf
o FRAEZESN TR E EDORERHI
LHS,, = —inf, RHS,, € R
o HHH
LHS,, = RHS,,, LHS,, € R, RHS,, € R

QUBOTTHI. BT NLDBER(HEIHMEN 1e+20A F THDHENHDFT .
AFTE. LHS, RHSAY MLOZBER(FHENEN1e+20ZBX TLDIHEIFAITI. LHS. RHSOZERMNM1e+20EBIIANEL D [CHIFIZM4ZEREDD
RT—=UZIUEY.

qplibVJILI\—DU O T X M
HTTPUY IR b

http:/Kip}:{port}/solver/{solver}?{parameter}
[CHWT. {solvert& L TaplibZBIRL T IZELN,

UOIRA MY SH—

Table 11 FREFHRY I ILR "W — & ESTEME

Header field Value

Content-Type application/octet-stream

UOTIXAMNISGA—H—
quboV)L\—&EHRTT,
HEEF—~i8E

BRET —FIEEFHDFS I A —<w R I 7L Eqplib T A=Y R I 7 AIVEERAIT D ENTEFT.



HDF5JA4—v b

qplibV )L\ —HMERTE BHDF5 T 7 1 JUIELA T ORERLICTR D TLWRIENH D E T,
infZ1ETE 9 D155(43.40283e38ZIBE L T 2L,

Table 12 qplibVIL\—HMEATBHDF5 T 7 ()L A —X W b

Structure Group name or the content
Iqubo QITHIT—%
flinear BT MLFT—4
/constraints HHRGDIIL—-T&

Icoeff AfTRT—%

llower LHs N NLF—4

lupper RHS N MLF—4

HDF5J 7 1 ILD&EFT =91y MEUTORACRSBERHDFT.

Table 13 7 —4545 4 TB80D7 M) E1— NEE

Data Data type Content attributes
N L arra NI NLEIRTESIE UTEEL TSV, BRD DT —5 51 T (3floatd2 T,
Y 7 RUE 32— B "format”I="dense" ZERTEL TLIEE0N,
P Soarse arra quboVJLIN\—=3JEHDF5 0 4 — < v b &k,
T . . .
P Y FRUBI— MG formattizresr BREL T REL.
s quboV )L/ \—FHIEHDF5 T A — < k& FR.
1751 Dense array

7 RUE 22— M& "format"I="dense” ZERTEL TLIESUN,

Dense array BT E L TCT —IERET DIEE(EDense array7 —45 51 T E U TT—SFEBELTLIES,

Qo fIFT 2 Sparse array BRITH & UTCT — A% RE Y DiFE(dSparse arrayT —F I T EULTT—FEREL TS0,

B T ML array "format”IZ"dense” ZTEL TLIZE\,

P Dense array BT E LT —AZRTET DHBE(EDense arrayT —45 51 T EUTT—FZEKEL TS0,
Sparse array BT & UTT — 9% RTET DIBE(ESparse arrayT — 551 T EUTT—I=J/EL TSRS,

LHs N ML array “format"|="dense" ZRE L TLIZE0N,

RHS R )L array "format"IZ"dense” ZXTEL TLIZE,

gplibI A —I v b

aplibV)L\— (FQPLIBUAMERE T Bqplib T — < w ML TWVET . (& http://qplib.zib.de/doc.html ZZHEER < &0\, qplibT A —<w MME
BERREOCEHOR, HIHIDS A T THEES A TEDTTNEY ., M5 F(d0bjective type & Variables type & Constraints type® 3 D&EIEE LE
T, ZI/EETILIFZANY NI XFTEEUE T, IBECETDIHA T EIBEXFOFHM(E http:/qplib.zib.de/doc.html ZZHER < 2=\, IRTE. gplib
VJLJ\—(F[QBB', 'QBL|DRES A TMEETEE T, qplibTIA =Y I F7AILTE. T7AILDFEICUTDIDDFREEEZLZAL T ZE
LYo

o [IREZ: "QPLIB_"h\SIAE ZXFF!
o [BRES - J187E: [QBB', 'QBLIH'SEIRL T IEE0N,
o BMBEHOR/IMEZ RO TZLVEE ([Eminimize. |RAEZERDIZVVGE ([EmaximizeZiEELET .

ZD#, Table 1405 (CHt> TRIRERREZ J 7 JLICRHL TS0,
infZ1ETE 9 DI5E(31.79769313486232E+308ZHEE L T2\,

Table 14 (RESIIER

tag Description

BRTIEHOHEIBELTIZE0,
number of 21 _£100,000A FDEHZEIBEL TIZE0L,
variables 151

3 # number of variables


http://qplib.zib.de/doc.html
http://qplib.zib.de/doc.html

tag

number of
constraints

default left-hand-
side value

default right-hand-
side value

default value for
linear coefficients
in objective

default variable
type

default variable
upper bound
value

default variable
lower bound value

number of
quadratic terms in
objective

number of non-
default linear
coefficients in
objective

Description

{FEF 9 DIRHEHIRISHDEZIBTE LT EE0)\. 1B UConstraints typeh'BERIEZHIFIZHTIR L) THDHE.
OLINDIEET D ETIS—ERDET,

0L 1,000,000 FODEHEBEL T EE,

151

3 # number of constraints

IR DOTRMESREZ UE T . LHSAY MLERIFDT T AL MEEMBZIEE LT IZE0, {EUConstraints
type N BHRAZHIRIZZAR L) THDIHBE(F DI I ZER LIRWT S IZE0N,

EHEIBELTIZE,

Constraints type

i

0 # default left-hand-side value

PIREFIRIRGDO LRIBEREZ UE T, RHSAT MLERDDT T A)L MEEMBZIEE L T &), {BUConstraints
type N BHRAZHIFIZZAFR L) THDIBE(F DI I ZFER LIRWT L IZE0N,

EHEIBELTIZE,

1)

0 # default right-hand-side value

BRI ML DT T AL MREMEZEEL TES0N.
FEXHENME+20LA T DERBZIBEL TLIEEN,
Bl

0 # default value for linear coefficients in objective

BEBDT I AI T —FBEETELTLIEEL), {8 UVariables typeh'B(/\-1 ).
THIDHBEECDIITZERBUIRNTLIEE,

UTFh5&ERTEET,

0: TSN

1: )81+ U

151

1 # default variable type

COEHZESR)

PEHDOERE FIREZRELUZET . EUVariables typeHi'B(/\1 ) THDIHEEE. CDFT&RFEHURNTLIZEEU,
E+20L EDEHEIBEL T EE0,
£l

1.5 # default variable upper bound value

2EHOEHE TIREZRELE T . 8 UVariables typeh'BU\1 ) THIHE(E. CDFITEERURNTLIEE),
1E+20A FOEZIETE L TIZE0N,
]l

1.5 # default variable lower bound value

QUBOTTHNERTELF I, BITIIMD DREMEI/EL TIEELN,
BUITHIDEAIFEOESRE1(E800,000,000A F THIMENDHDF T, T THRESHRLMTIIRDF0ELRDFT.
FEXHENME+20LA FDERBZIBEL TLIEEN

MTFDOELSCIEEL T RSV BEA 2TV IRFNINS ERD BHENRT MLDOENSIECESZ DI ZEDTY,

FEEOQ;;D#R # number of quadratic terms in objective
[B8A 7 v OR] [BEA > 7w O] [FE1E]

B 27w OR] [BEA > T v o] [{RE1E]

...... JIFPOQ;; DEEDIRL ...

[BHA 2TV I R] [BEA 27 v I R] [RE1E]

151

2 # number of quadratic terms in objective

21-2

3235

default value for linear coefficients in objective CF%E U/eBRT MNLZE FESUEY,

EESZ UV MU S OREMEZIEE U T IZE0. T THRE NN D 7253 (C (ddefault value for linear
coefficients in objective’y ) T&KESNIBENMERINE T, HIHMENE+20UA T ORI EIEEL T IESUN,
UFOERSITHEELTLEZEE V. BEA TV IRIINSERD, BENRT NLOENSIBICESEDIFZEDTT,

EEZFUZ0BARYT MLDB I EL # number of non-default linear coefficients in objective



tag Description

B8 > 7 v I RX] [RE1E]

[E8A > 57 v O] [FREE]

...... B'BokL ...

[BE#HA > 57 v O] [FREE]

5

2 # number of non-default linear coefficients in objective
1-2

235

ATIIZERELF T . RITHIRRD DFREMBEIEEL T ZEV, BUATHIEnumber of
constraints?J TIEE LIBAMTORE L1320, ZHOBNTIDRSE £R2B1TFITT,

C T THESNRVMTIIRD (F0ERDET,

MFDOELSC/ELTL RSV BERA 2TV IRFINS ERD BHNRT MO ENSIECESZDIFZEDTY .

FEOA;; D # number of linear terms in all constraints
[BHA TV I R] A 27w I R] 5E1E]

[B8A 7w OR] [BEA > T w o] [FE1E]

...... JFPOA;;DEEORL ...

[BEHA 2T v I RX] [BEA 27 v o R] [RE1E]

151

2 # number of linear terms in all constraints

21-2

3235

number of linear
terms in all
constraints

default left-hand-side value CF&E UTELHSAD MLz FEEZUFE T,

EESZURUVWNRT MU D DOREMEZEIEE U TLIZEV, I THRE SN D I2pks3 (C (Edefault left-hand-side
value 5 THRE SNIBENMERENE T,

MUFOELSITHEELTLEZE V. BEA TV IRIINSERD, BENRT NLOLENSIBICESEDIFZEDTT,

FEZUZVOILHSAR T N LDRE 53 EL # number of non-default left-hand-sides
(B4 > 7 w0 ] [HIFIZAFD T RAE]

(B4 > 7 w0 ] [HIFIZAF0D T IRAE]

...... BoRL ...

B > 7w O R] [HIFIE4FD T IRE]

151

2 # number of non-default left-hand-sides

1-2

235

number of non-
default left-hand-
sides

default right-hand-side value TE&E UIZRHSART MLz LEEZUFET,

EEEZUROWRY MU DREMBZIEE U TLIEEWN. I THRE SN D 2553 (C(ddefault right-hand-side
value 7 CTHRESNIABIMERENET .

BFDESTI/ELTL SV, BHRATYIRFINS ERD, BEARYT MNLOENWSIECESZDIFIZEDTT,

EEE UIZVORHSART NLDELTI#L # number of non-default right-hand-sides
[BEHA > 7 v 0 X] [HIFIZA40 L IRAE]
B8 > 7 v I X] [#IHIZAD L IRAE]

number of non-
default right-hand-

sides
...... BoiRL ...
(B4 > 7w O] [HIFIZAF0 L IRAE]
£l
2 # number of non-default right-hand-sides
1-2
235
number of non- default variable upper bound value CTi&E Uz BB DEREDG LREZ FE=ZUF T,
default variable EEEFURVWEROEERS ERMEZ-1E+20 EOMBETEEL TLIZE, I I THRESNEN D 23 (C(Edefault variable
upper bounds upper bound value’5ZJ T&E SN/MEMNMERENE T . 18 U Variables typeh'B(/\-1 1)

THDHEFIDIIZERULIZNTLIZE,
MTFOELSCIEEL T RSV BEA 2TV IRFINS ERD BHENRT NLDOENSIECESZ DI ZEDTY,

FE=EUWEZE, EPRIEDEL # number of non-default variable upper bounds



tag Description

B > 7w O X] [ LIRE]

[BEHA > 7w X] [ LIRE]

...... gL ...

B84 >F w2 X] [ LIR{E]

£

2 # number of non-default variable upper bounds
1-2

235

default variable lower bound value TF&TE UTc R DERE FIREZ LESUET,

FEEURVWEROEERIR T IRIMBEZ1E+20L FTOMBTEEL TLIZEV ., I T THRE SN D 23 (C(Edefault variable
lower bound value’5J TE&E SNIZBNERENE T, /B U Variables typei*B(/\-1 F1)
THDIHEFECDIITZERURNTLIZE,

BFDESICI/ELUTL STV, BEA DT YVIRIINB ERD, BEARI MNLO LW BIBCESE DI ZEDTT,

number of non- FE=FUVWERE ERMEDEL # number of non-default variable lower bounds
default variable [BEA > 7w O X] [TFIRfE]
lower bounds B+ > 7w O] [TIRfE]

...... goiRL ...

B8 >7 v I X] [FRME]

£

2 # number of non-default variable lower bounds
1-2

235

default variable type T TE UTe R EHDT —F 51 T LESUFET,

FEEURVWEROT —FI1TZIBEL TSN, T THRESNIIN D IZEEDT —45 45 7 (ddefault variable
typeFJ THERESNIZBIMERSNZET . {EUVariables typeHh'B(/ {1 FU). COEHZELER)
THDHBEECDIITZERURNT LIS,

UFDESITI/ELTLIEETW BEA TV IRIINS ERD, BEART NLOENSIEICESEDIFZEDTY,

number of non- FEEUIRWERDOT —5 51T DE # number of non-default variable types
default variable BBA 2TV IR [T—F51T]
types EHA>FTVIR] [T —EFE1T]

...... BORL ...

EHA 2T VIR [7—5FF1T]

£

2 # number of non-default variable types
10

20

ANBET—45(CRT 3HIR
aplib )L/ \—DYRZ BRI - X (CFL T OFIBRAD S D E T

o ZHDEE100,000A F THDIREN D DET,
o (THIDIECOEZEENL800,000,000A F THBINENSHDET,

1212 UAEY DB%1800,000,000 FDIBE THENESNRAVMEENHDET,
o Hl#9%5%(31,000,000A F THDIHENGHDET,

qplibV JLIN—L AR > X L%

LARYARFT—H R

VI —HBL AR ART—IAERKRTT,
LARIAAY H—

DY JVN—HBL AR ANV S —ERARTT,

LARYART 1

Table 15MIEE%RE. £V)LI\—HEL 2R RS« EEERTY,

Table 15 qplib V)L \—D L AR > ZRTF + (14K



Property name Description

value 2RETERREOBNME Tt E S NIZFHMEEIC /R D ET .

result ZH DS, BN DD EE(CIE. resultld [0,1,1,0,0] (CKDICRDFET,

param gplibVILN—EHB/SA—~SF—& U Talgo. steps. dt. CHFTRRESNET,
qplib¥ L)\ —DfEFHI

Y7 )LRIRESER (- T Yy JRIE)
0-13-y THw IR HIC &> Ty qplibV )L/ \—DEEAEERALET. 017y Iy IRBE>UTFOLS [CERMEENET.
mngviwi
s.t. Zwm <W
VT AT LIDMBETEH D, 2;13) A FUEBTT A FLIBERT 3(1)MNBR LBV 0D EEDH TVET . w371 FLIDESTH D, Wi
RENETAFLORESR LIRETT.
B IIEEE LT, vew, WENTFOLS CRELET.

v=[11 13 17 19 |
w=[2 3 5 7]
W =10

COFEZRND EF Y THY URMBEZUT DL S R2RGTERBEN R IT D NN TEET,

1
min =z Qz
T

sit. LHS < Az < RHS

where

22 0 0 0
0 26 0 0
Q=- 0 0 34 0
0 0 0 38
A=[2 3 5 7]

LHS =0

RHS =10

B> aplib I A—IY I 71I
BIEI IR IEU > TILBIREZ qplib T A —<W R I 7AILICTDE. UTFDRSICRDET,

knapsack.qgplib

QPLIB_knapsack

QBL

minimize

4 # number of variables

1 # number of constraints

0 # default left-hand-side value

10 # default right-hand-side value

0 # default value for linear coefficients in objective
4 # number of quadratic terms in objective
11 -22

22 -26

33 -34

4 4 -38

4 # number of linear terms in all constraints
112

123

135

147

FEEOHEDOERITHEREUTDLIICEDFT.

curl -i -H "Content-Type: application/octet-stream" -X POST "http://sqbmplus_server:8000/solver/gplib" --data-binary @knapsack.qgplib



HTTP/1.1 200 OK

X-Calculation-Time: 10.014

X-1D: r3552467021

Content-Type: application/json; charset=utf-8
Content-Length: 180

ETag: W/"b4-gY2unruOuk3uTgzDI2EozRSOLo0"
Date: Tue, 17 Jan 2023 10:14:43 GMT
Connection: keep-alive

Keep-Alive: timeout=5

{"id":"r3552467021","time":10.014,"wait":0.001,"message":"timeout","runs":494260,"value":-60,"result":[1,1,1,1],"param":
{"algo":205,"steps":2,"dt":1,"C":0.01130918},"count":101495}

|snffEr = [1,1,1,1]&80FT.
INSA—5—DHFEHI

ISA—E—DFEF ERERTT .



N)VAFIVIAPI

NILRAF T v IAPIESQBM+ETEAPIDRKE AT —F X @R ULFE T,

VO IR Mt
HTTPUOJIR b

o HATBHTTP XVw R: GET

o URLAERL: http://{ip}:{port}/healthcheck
o ip: SQBM+ETEAPINIREI L CL\BNS > DIPF7 RLX
o port: SQBM+H —/\—DR— hES

UOIARY S —
REDE(EIHDEH A

DIOTIRABMNSGA—5—

HEDKE(FHDFEA.

L AR Rt
LRKYZZF—H R

EUSQBM+5TEAPINIE UL BE L T\ B DR5(E200%. 5 TRVLWVES(E503%IRLET .
SQBM+ ZDEDHE T U TULBIHE(EConnection refused £ 72D E T,

LARIAAY H—

Table 16 SRTEMHRL AR AW S — SR TEE

Header field Value
Content-Type application/health+json
LARART 1

HTTPL ZIRZ RS« (3 —/\—DIREZERLUE T,
Table 17 L AR ZAA Y EZ—2—E
Status code Message Description

200 pass SQBM+5TEAPIIIER (CHE L TLET,

503 fail SQBM+EtEAPIFELELTULET,



IN—=3 S HERBAPI

IN—==3 DHEERAPIFIRTEEA L TLSSQBM+D/N -2 3 > &R UE T .

VO IR Mt
HTTPUOJIR b

o EFARTDHTTP AVw R: GET

o URL#ERL: http://{ip}:{port}/version
o ip: SQBM+HMREI L CL\B S > DIPY KL X
o port: SQBM+H—/{—DR— hES

UOIARY S —
REDE(EIHDEH A
UOIRARNINSGA—4S—

HEDREIHDEEA.

L AR> X1t
LARS ZART «
HTTPL K> 2R 1 (3SQBMH D) (— S 3 > ERUET.,

Table 18 /\—=3 HEERAPIDEITHER

Property name

version

N—=3 > HEFRAPIEFRH)

$ curl -i -X GET "http://sqbmplus_server:8000/version"
HTTP/1.1 200 OK

Content-Type: application/json; charset=utf-8
Content-Length: 19

ETag: W/"13-IgU2RFZoSEk+A53QfpzL09hX3u8"
Date: Tue, 28 Sep 2021 00:54:29 GMT

Connection: keep-alive

Keep-Alive: timeout=5

{"version":"2.0.0"}

Description



SATLIBRRINS A—H —

Table 19 (TRUTWB S RT LB/ (S A —4 —(ESQBM+H — ) \—D/home/{1—H —F « L ~UMconfig I 7 (L THRETEET, {1—H—F+
Lo RUNIAWSDIHE [dFec2-userTH D, TNUNDIGE (Fsbm-userTd ., BRIEFCNSDEZZEIDHNEEHDFEFRA. BEBEZEEULHS(CE.
SQBM+H—/\—ZHBiLE# U (EBERMIT DIVENSHDET,

Table 19 = A5 MBI\ S A -5 —

Parameter default Description
server_port 8000 SQBM+H —/)\—DR— hES

UOTR MRF 1 DRATAXJNA K. TIAILKTIE2GBTY,
BUTITAI NEEERBX DB VTR MIRITEINIBE (.

payload_limit 2000000000 AEUDEMATHBEYVRIEER T II0MEMENHDET, BECK> TIHBGEDOUICENDET,
BUITDEDRBT ENRE UTBEFEIRODnumber_of workersZHliF L T < /Z2E0 0,
FE—ELIVIIRANERITID S EZHELUETD,

timeout uoper bound | 3600 FRRETERRIFY). U T X MADtimeout/ (S A —45 —DIBEICK ST (T,
—PPel 0 LIRS ERRINEA LS E AT LET,
number_of workers 4 STEUO TR MNEZHFFB2SQBM+H—/)\—D D —H—ZL v RDEL,

B CRMATEDUIIR ML, SQBM+ETEAPIFERY I T X beRdFETH
REZTNS 2L CIEFT DT EFIR<ADIDBLTVEFT,

2 e s . _ N _ .
max_requests 0 Yo XHSEMBERBZ BETEU I TR M ESHZEE(C(F. H—/)\—TS—%EEEs 37z,
—E(C1DUSTR MNERITT B xR LT RE,
default_timeout 10 SHE/ (S A =4 —timeoutdDF J )L MiE
default_maxwait 60 S8 (S A —4 —maxwaitDF 7 4 JL ME

default_maxout 1 STE/ (S A —F —maxoutDF T A)L Ml. 1Ml EDEHZIBELTIIZEEU,



AFFOARECFIVUFTA

OoJ74)L
SQBM+H—/\—D/varllog/sgbm-plus/Z -« Lo NUICOT T 7 A ILAMER SNET . O T 71 ILZEE T DHEIC(ESQBM+T —/)\—-TR\TI> >
NSscp N> REMBALUTIEL TS ZE,

Figure 82l GAWSEEIE Tec2-userh’ 204 7 77 )L ZUNEE L Tlogfiles.tgz& U TIREL TV BHIZRLTVET .

$ scp -i private-key.pem -r sqbmplus_server:/var/log/sqbm-plus/ SBM_logs
$ 1s SBM_logs

main.log sbm-engine.log start.log

$ tar zcf logfiles.tgz SBM_logs

$ tar tf logfiles.tgz

SBM_logs/

SBM_logs/start.log

SBM_logs/sbm-engine.log

SBM_logs/main.log

Figure 8 02 J 7 - JLUXESH!

oJ0—-7>—>3a>

Oo0—5—>3 > RigEst

T7 1)L XMMOMBICELELTEHE. OJO0—F—>3>ZFMmUET,
Oo0—-7—>3 >IR3 80

WEOOI I 7L % * x x AICEEUET, BEOOTIT71ILIE. ENENIT 7 AILEOREDEFEADAIUX NUET,
B . OJ T 7 A ILEh mainlogDiga. UMTFOEHSNDO—F— MU, mainlogldZZET 7 ILERDET,

0—7— & o—7— k&
main.log -> main.log.1
main.log.1 -> main.log.2
main.log.2 -> main.log.3
main.log.9 -> main.log.10

BEWFHRDOOT T 7 1 )UEEAIM T I, main.logDIFE. main.log, main.log.1, ..., main.log.99= TD100T7 7 (JLICIRADE T, OJO—F— i
([Cmain.log.9972 272 7 7 JLIFO—F— MMEF T 7 1 ILHIBRESNZE S,

SQBM+{ZLEEF DX

SQBM+(FZEIE UTZBRICEEN TIEIHT DR D(CIRD TVET ., APINERERT UEBRIC(E. FBEICANIILAF T v IAPITSQBM+DIREER CHER < 12
=0,

NILAF TV OIAPIBIEE U, BEULELRARIZART 4 DAV ET—THail THIBEEOT T 71 ILIC>TOT T 71 IL=INEL. SQBM+
A A h=IlEenN TV T —/(—DFEkEEZE LT EE0,

ANIURF T W IAPITREENRWCEREN S I SQBM+ETBAPIDEENRMEEE0OT T 7 ILIC>TOI I 7L EIREL. Y—/)\—DHEiLE%
LTLIEE0,

BEHU CEMENMBRETEVEDER T IBEE. WELIZEOJ I 7MIILOTREZEHBENULET,



REFER

THE SOFTWARE AND SERVICES ARE PROVIDED "AS IS." YOU AND YOUR USERS ACCEPT AND ASSUME THE ENTIRE RISKAS TO THE
QUALITY, PERFORMANCE AND RESULTS OF ACCESS OR USE OF THE SOFTWARE AND SERVICES. TOSHIBA DIGITAL SOLUTIONS
CORPORATION (TDSL) AND TDSL'S 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 AWS ACCOUNT, INCLUDING YOUR CONTENT AND DATA, WILL BE SECURE OR NOT OTHERWISE LOST OR DAMAGED. EXCEPT TO
THE EXTENT PROHIBITED BY LAW, TDSL AND TDSL'S 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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