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Data estimates for 1st year of HL-LHC (PB)
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900

B ALICE mATLAS mCMS ®LHCb

Raw

Derived

HIBS T EIEL:

[RIA%IHE 2016: 50 PB > 2027: 600 PB
RMB/SHIXEE (1 copy): 2016: 80 PB > 2027: 900 PB
7
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CPU Needs for 1st Year of HL-LHC (kHSO06)
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* PBS
o JFUR, fETER, JSEIEA SRR B
e OpenPBS, PBS Pro, Torque RER
o THEPTE20165ELLHTIHE R4t
HTCondor
e HTC: High Throughput Computing
< TR, MRS, EXIOTHAE WREFEEAAY [ Z o AR
« IHEPILF AE R4S
SLURM: =it e v 5 1 BF
e HPC: High Performance Computing
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o WA ARG
o VG 15 A% BB R T A7 R B 3¢
e CERN CASTOR, enstoreZ& ikt
o TSMEERIE A

o MhEEAFE RSt S

* /\ﬁﬁj/ﬂ#/\éﬁ Storage Client ‘ o )
Lustre. EOS. BeeGFS, GPFS. .. Gy s a1 1 BN

o NHEFE RS
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« P Hx
e AFS

« BAFFEILE RS
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Bk TR/ Total traffic BseridFll#/Jobs Completed

20K

mk:g
g !l!!!uﬂ!;%mnusmﬂaﬂua
08:00 16:00

00:00

08:00 16:00

— read throughput 26Bs  153GBs  276MBe

it = ! = BESIll == LHAASD == JUNO ==DYE = HXMT
LHCB = CMS = ATLAS

== Incoming traffic Gbps 958 Mbps : =
pECng b S == write throughput 5Bs .8 GB:s 45 MBs

R HRFE SR HHERTEDR

(last 2 minites) 16,621 running jobs

i EOS FARM aggregated bytes_out last custom
Running jobs ik i
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! ! . O eo0s505.ihep.ac.cn O cos06.ihep.ac.cn B 20507.ihep.ac.cn B co0s08.1hep.ac.cn

. X B e0s09.1hep.ac.cn @ e0s10.1hep.ac.cn @ eosll.1hep.ac.cn @ eos12.1hep.ac.cn

= UCAS test short == physics offlinerun == |hch == |haaso B =os13.ihep.ac.cn W =osld.ihep.ac.en B =os15.1ihep.ac.cn MW =os16.1hep.ac.cn
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Avg Total: 1B238031698.12 Current Total: 1B966626453.73
Avg Average: S11901584.81 Current Average: S48331324.69
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CERN

WLCGM k&

WLCG: WorldWide LHC Computing Grid

o BMWIRMGBENE, RAFERIT RS H, HiTrsE—
o [MTierlsrKEHE

e Tier O:
e Tierl:

154

o JefIRIREE &0

o PUTHIEEE
o JEftEE 7 \7i£H$%H&%

e Tier2: 1497

o PATHLIL.
B MRS5S

e Tier3: 7
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VO a Used Free Total

ALICE 151.9 PB 28.8 PB 180.7 PB
ATLAS 4188.4 PB 64.7 PB 553.1 PB
CMS 235.1 PB 30.9 PB 266.0 PB
LHCb 102.8 PB 125.3 PB

Running jobs: 186292
Active CPU cores: 462900
Transfer rate: 30.67 GiB/sec
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o T HBATFENCE TR THE . TS
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Application

(0N

hardware
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Fallacies of distributed computing
e The network is reliable;

e Latency 1s zero;

e Bandwidth is infinite;

e The network 1s secure;

e Topology doesn't change;

e There is one administrator;

 Transport cost is zero;

e The network is homogeneous.

. 8/23/2020 SREMEITEZEHF1K2020
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o WS il EAE. Joi N A

o M2 JHIEER; WHESLT; BUEHRE

o i T.=73: Remote Procedure Call
AT R AR
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“Whew! That was closel
We almost decided something!”
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[ R ARG A AL, ARt
« WAHETHES: THET A CARERE T, RS
o AHEH: PrASEX R MG, AeEA

» IOVEHE: WAFZAF, #P10, FHTIO, ..

o« WHIRACH: PradfER TR E R, Pilkcrash

AR U 10 iR
o | | BE | M Uz

AMARG (FRE. 7
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C/C++NAFEHE

o —ANHIC/CH+gRIERIFE R SN A9 LU LA ER 7
1. fIX (stack) : HgmiFasHIPECBRN, FRRBHISEIE, R
= EE
2. HEX Cheap) : —WRHEIFERF RIECRAL EREF AN, FEFER
P EI0S GEE RS0 [alii.
3. @fRlX (FF&X)  (static) : ®AAREMEFSZR ERAFAE S IBE —
1, WIa A B 4 R AR B AR A A A — B X sk, RATGEHL H) 4= R AE B AR Y]
I B AR S AR AR AT QR o5 — BRIX 380, R - 45 7R e H R ORI
4. HEX s FWETAFREBEX RN, FEFETR)EHRREN. %
X AR,
5. FEFPACASIX . A7 ECRR B I — il A

Py SRR T E BHF #2020
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(5% HE

o HigmPEes H 37 B AR X o R MAEAEN, HIER
o AR BIINS:, BT E AR, R S5 R R E]
o SHEFEH o WG, BHAEW
o PR GBI 1 R X ARG o WKT7 SRR

Hi kB K o YEMD, WERE (AR
o FRATAR/NZRR o U FHtcmallocEl # jemalloc

Shemet’ 8/23/2020 SEEMEITEEHFRK2020
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int a=0; //AJa¥IhRfbIX
char *pl; //4=JsRK¥IaH1LIX
int main()

i int b; //*k
char s[]- ‘abc": //#%
char *p: :

/ /&
char "p3 "123456";//123456 4 B IX, p3{fERk
static int ¢ = 0;//4 )5 (&) ¥IEiLX
char *p4; //#k

pl = (char *)malloc(10); //HEIX
p2 = (char *)malloc(20);
p4 = strdup(p3); #** grror in "./a.out': free(): invalid pointer: 0x00000000004006c0 ***
fraa(pl); 7255521[35503812 ](+0§§ﬁ§§5f5x7f124ce9b439]
free(p2);
//free(p3);
| free(pa); |t Strdupi@fmalloc, HIERAEX, VWNBREN

SREMEITEZEHF1K2020
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o linux BRI FFIHER 23 0] K /N E8MEN 10M, AN &K ATFRAS 7] BEAS—FE
o R RAIAR ] (Ehingd) , S5 EERE R
s MAREE A, REZERRZZEAREN, &52FE Fcrash

[root@lhmteos03 chyd]# ulimit -a int main()
gore file size EE;OCkS’ -gg un}imiteg
ata seg size ytes, -d) unlimite = ?
scheduling priority -e) 0 char a[3388608] {0};
fi1§ size ! (b1ocks,(-fg gn1;?gted
pending signals -i) 511 [rootdlhmtecs03 chiydl® ./ &
max locked memory (kbytes, -1) 64 Bk phusmes iy R ki
max memory size (kbytes, -m) unlimited Segmentation fault (core dumped)
open files (-n) 1024
pipe size (512 bytes, -p) 8
POSIX message queues (bytes, -q) 819200
=tHhe—prTorTty € F}@D - - \

cpact'i;;ze (gtggﬁﬁi’ -15:3 8ila-'l'im*ited (1) Eéﬁfﬂ]?éﬁiﬁjué’?{

u BT u ° —
max user processes (-u) 511770 '?%-B'}]STOCR gzeﬂ(*@ﬂ
virtual memory (kbytes, -v) unlimited

file locks (-x) unlimited (2) ﬁ??&@ﬁ@*gm

SREMEITEZEHF1K2020



PID USER
380936 root

PID USER
380263 root

PID USER
383584 root

25 B

A

B

Fr AT &

PR NI VIRT RES
20 0| 18.0g || 3.2g

PR NI VIRT RES
20 0| 18.0g || 8.0g

PR NI VIRT RES
20 08392816 || 8.0g

SHR S %CPU %MEM TIME+ COMMAND
396 R 96.7 2.5 0:12.45 a.out
SHR S %CPU %MEM TIME+ COMMAND
396 s 0.0 6.4 0:31.54 a.out
SHR S %CPU %MEM TIME+ COMMAND

352 s 0.0 6.4 0:29.33 a.out

e VIRT: virtual memory usage W17
e RES: resident memory usage #IEWNAF
e SHR: shared memory ILEWNTF

char a[8589934592] = {0}; //8GB
int main(void)

{

intb4_t 1;

o

char *p = (char *)malloc(10737418240); //10GB <+— tE[X, EE%IOG

for (i=0;1<8589934592;1i++) {

<]

Bk, Bi586

al[i] = 1; «—

fEER

%ree (p); «— gm 106G

sleep(30);
return 0;

=R EITEEHF82020



— Mz 1 A,
TR T
L E[_/‘ﬂ_‘—\‘ E %ﬁ%i’f/——l:)% Jr% [chyd@'lxs'lc?OZ b1gd1 r]$ stat gen.sh

File: ‘gen.sh’
Size: 119 Blocks: 1 I0 Block: 512
Device: 43h/67d Inode: 44260157139451904 Links: 1

. Access: (0755/-rwxr-xr-x) Uid: (60003/ chyd) @Gid:
opendlr Access: 2019-04-10 11:10:55.843875333 +0800
R AZ. B8 Modify: 2019-04-10 11:10:55.843875333 +0800
e Changﬁ: 2019-04-10 11:10:55.841617304 +0800
Birth:
v [chyd@1xs1c702 bigdir]$ 1s -1
. total 1
{ readdir drwxr-xr-x 1 chyd u07 66977792 Dec 13 2019 100
drwx------ 1 chyd u07 9816637561 Dec 13 2019 15k
drwx------ 1 chyd u07 19677184121 Aug 12 14:46 30k
drwxr-xr-x 1 chyg uo7 309067776 Dec 13 2019 500 .
m/ﬁﬁﬂ&%ﬁ% -rwxr-xr-x 1 chyd u07 119 Apr 10 2019 gen.s
[ stat real 0m7.492s
Z:tﬁ_:l’ user 0m0.245s
sys _ _ Om0.487s
#time Is -1 500 #time Is -| 15k #time Is -1 30k
real Om0.683s real Om31.513s real 0m49.856s
user Om0.017s user Om0.337s user Om0.683s
sys  0m0.027s sys  0m0.834s Sys Oml.589s
real Om2.700s real 1ml5.315s real 2m23.301s
user Om0.015s user Om0.351s user Om0.708s
sys  0m0.048s sys Oml.288s sys  0Om2.385s

.8/23/2920 SEEYEBITE S #2020




1}

AT

¢ Kgﬁﬁ

o 1) E—HZX FEKEXH

e 2) WTEEANHX

o 3) T HIEMACAT

2N

o fEHEAHIRAIEMNESL, LUIBOSS. SNiPERZ:

o WFEELBRSCHFRE B SIFR, B IR AT AL B

o BRHZFIEN/NEZ

o WIRMSLTE T AN CHRMER, TP A 183 stat

°
it

[chyd@lxs1c702 bigdir]$ time 1s -1 30k/ff.122
-rw-r--r-- 1 chyd u07 1048576 Aug 12 14:36 30k/ff.122

real Om0.009s
user Om0.003s
sys Om0.003s

> 1 FTIETIT B S L BB 422020



AR

e WX MR Lustre
o HATVEL, M RGE SRR
o WIZMHH, FHIE
o NHZ RS EOS Fuse
o R RGIE X
o HATH S R E
o HAEMEMZE
o NHHZEHE VIR : Xrootd

o FFICMEVTRAPT, AR RGTTE X

o FETELS, AN RGTPR S
« fEFALRTTE

NARE

e 7=
EXT3
VFS FUSE
NFS

» SREMEITE 2 #2020




EOS 1 R 4t

o EXROOTDA:AM EH & XM R4 11, R T AR 24t

o XTWEI MR AR, (H2 R I

o BT FUSE ( Filesystem in Userspace ) SEZ¥l, FUSERLinuxNEZhriERR
o b RG: (eg. Lustre) SZIfAjH
o (HJEHA A = AL
o [TAFUSEREER B E eosd 1R AR 2 T B M 1) 2R

——————————

VFS

> 0 8/23/2020 = A5 IR i B 2 2020




N 5 0] 4%

e 1T /7, Htleos 1ls, HiZAHxrootd APIKV;MEOSARSS %%, %eid
ATAR] Y FZ A R

« JIHROOT TFILERHIN H#AF, trLIE B Hxrootd API

o XM AXGEETIENEEZE, A% XMHRFEKNZITIE, Faog

e P AR RIE, WAARM A RFETZL, catfeam¥ ik LA

[chyd@1lxs1c702 ~]$ eos 1s -1h /eos/Thaaso

drwxr-sr-+ 1 Thaasore lhaaso 419.26 G Dec 15 2019 cal
drwxr-sr-+ 1 lhaasore lhaaso 673.86 T Dec 15 2019 decode
drwxr-sr-+ 1 root root 51.41 T Dec 15 2019 experiment
drwxr-sr-+ 1 lhaasore lhaaso 526.88 G Dec 15 2019 monitor
drwxr-sr-+ 1 root root 747 .41 T Dec 15 2019 raw
drwxr-sr-+ 1 Thaasore lhaaso 219.03 T Dec 15 2019 rec
drwxr-sr-+ 1 root root 906.68 T Dec 15 2019 simulation

" 8/23/2020




Xrootd/{

o B, WA (HbinBOSSH{E SNiIPER ) i HROOTZE TFile:: Open, Lhfm:
TFile* 1inputFiles[m_fileNum] = TFile::0pen(m_fileNames[m fileNum].c_str(), "READ");
o JEE: PURPIRRRA T XA S
(1) fEHAEB: TFile file(fn.c_str());
(2) New/yi%: TFile* inputFile = new TFile(m.c_str(),"READ");
o HUG R NS SR FHROOT I a4 720, .
root://eos@l.ihep.ac.cn///eos/user/c/chyd/703/mc/KKpi/phsp2/KKpi phsp 0001 boss703.rtraw

Wi RESR4L | S5} B 7% |

o T HEAAM ARG LD, AT AL ILEES, NEERFHMAMNERE, ARefd FHEE
KRGSk H=, tbinfor £ in “1s /eos/lhaaso/raw/wcda” 2 2K[)iE4G), {HEH]
PIE FHeos 24T L E, .

Eg?gd@1xs1c702 ~]$ for f in Jeos 1s /eos/lhaaso/raw/wcdal ;do echo $f;done
2019
2020
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TOM:HE 5 IEis

o WBEMNHEITIEY A RERGE, SRR IOE AT 1R m A E A B AR
« IOZEIRKH T 24N

e SSD (~100us) o LA LK o WTENAH %

JGIE

e Disk (~10ms) H #% I 2 = i BE 2 (Hr o R
e Tape (~1min) e ~200us per 1.47)
switch/router e ~200m ustay
#20cm nst
e ~¥150ms
between CERN
and IHEP
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TOZEIR X%

A F oM R,

1. [A HArRE—NEdER
2. SELAFHRIA
3. AT —dpub

sending time

efficiency =

sending time + ping time

WS 0 8/23/2020
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NN

-~ He

A

]

Source Destination

sending time

ping time

Fi




e

.. sending time
efficiency = 1
B sending time + ping time (1)

. . data size
sending time = (2)
speed
ping size = speed x ping time (3)

. 1
efficiency = g size (4)
1+ data size
. efficiency . :
data size = * ping size (5)

1 — efficiency
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Consequences for 10KB blocks

SERITHE (2)

Usage Speed | Latency | Ping Size | Efficiency
CC 1GBs=' | 100ps 10kB 50%
CC 10GBs~1 | 100ps 100kB 9%
WAN 1GBs! 10 ms 1 MB 1%
WAN | 10GBs ! 10 ms 10 MB 1%
UK-JP | 10GBs 1 | 250ms | 250MB 0.04%o

Data size for decent efficiency

Usage | Speed Latency | 50% efficiency | 91% efficiency
CC 1GBs™! | 100ps 10 kB 100 kB
CC 10GBs—! | 100ps 100 kB 1MB
WAN | 1GBs™! | 10ms 1MB 10 MB
WAN | 10GBs™! | 10ms 10MB 100 MB
UK-JP | 10GBs™! | 250 ms 250 MB 2.5GB

Remember maximum TCP packet size is 64 KiB
= REYIIE 1T E R B F 2020
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— ¥

e FHdd M EOSE 100ME Y5, kM2 blocksizelt] A/
e Blocksize/NT128KH] J 13- 2& I 1 K-

A B C D E F Perfomance(MB/s) 128K

1 dd if=/dev/zero of=fl bs=128 count=1048576 oflag=direct 600

2

3 block size|Perf. MB/s count

2 128 1.9 | 1048576 500

5 256 3.6 524288

6 512 7.4 262144 400

7 1024 13.3 131072

8 2048 21.8 65536

9 4096 45.4 32768 300

10 8192 62. 6 16384

11 16384 127 8192 200

12 32768 242 4096

13 65536 376 2048

14 131072 515 1024 100

15 262144 546 512

16 524288 515 256 0

17 1048576 518 128

18 2097152 528 64 '\:‘c’b 'f’(o ‘9’"’ @,bv f&")‘% @o"o %'\9’» c{,’f"b‘ r{,\@ <§’(° \9'\% q,"‘b‘ &3’% q§3\‘° ,\é,;»
RGN A & &
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(AT S

« 7410

o ZLMRALIE: TOZAE SEIEATE LA

e FIOAAKIIA]: aio read, aio write, ..
o PEAALH

o DAL . B E socketERZ ANONBLOCK, J54:iiffiselect, epollZEHliil

o ARHLEHELS: BERKMBlock size; TiEL; FIAWNEELSE
o WO G5 K 5
e wL ESE M number of items fitting in memory :z::cnhlrngg:: CZ)((%OL'BN)
Pt B i A

5 C++ STXXLJE

{5 FIROOT 4543 H AE 24

{8 FHSNiPEREFHEZLE ! e N = 256 10° B = 8000, 1ms disk access time
o N I/Os take 256 10° sec = 71 h
o % |/Os take 32 s

N number of items in the problem

B number of items fitting in a disk block @ sorting : O(%/Ogg%)
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ERZYOBEE

s HifE: ARG, WEEE S
o FITA 0 AR Gn U A R AU AT, PSR DR AR IR, e
if ((s = fopen (infile, "r")) == NULL) {2\ AW 2 B IEEIT I )

perror (infile);
return (1);

SIWTH SO R ERATI

if ((o = fopen (outfile, "w")) == NULL) {
perror (outfile);
return (1);

O awgscHREER

while ((c = fread (buf, 1, sizeof(buf), s)) > 0) {
if {{re = twrite (buf, 1, c, o)) <) {

fprintf (stderr, "write error: %s\n", strerror(errno)); .
fclose (s); ﬁ %Jﬁﬁigi#)%%?ﬂfﬁ }

return (1);

}
Lgose (y ) RHXCH, dEEEZ! L1 |

fclose(o0);
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o 2%/ IZCPULAY

e X86 (Intel. AMD%) , ARM (kunpeng, phytium) , MIPS, Power,
o [Er=CPU: JEits, FHEL, #BIY, YiE, b,
o FRINIEFIAR

e GPU, FPGA, NPU, DSP%:

o L2 (OpenMP, Intel TBB%)
o KHELIFAT (OpenMPIZF)
o JAEAIFREAR
. HLEBE>]

—CISCEZ#iESE— — RISCHEESE

B+ EERTT

S EIT HEEHF #2020



o FHEACERAE ERE ) ER R T AN R BER, MERRON “ SR DUMR I AT 7

o SREMIETEI L RATFENIR RGN TPEN G S . Blee PR s
E2N=Y S Wl

o TFEL. TRhE. WZ R, R0, WANEZEEH EE, EdE ot
lEMNMA, B A EmZE HR

o R BEITE.. BT, WEE5Z e, BAESE., A4t
K’ LHE BdRaraae. Plasss > Ll GPUSEH R

o KASIHMIFIAR, SHATIHVERIER, DIde s s AL B ) 3R
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