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CC(];'_f = —Jleak (V( ) - Eleak) - gNamSh (V(t) - ENa) - ¢ (V(t) - EK) + /eXt(t)

dm a,(V) = 2.5—0.11V = 1uF/cm?
—r = @) (1= mV. 1) =B, (V)m(V. 1) 22T g = 0.3mS /om?

dh

el =10.6mV
V) =0.07 -V/20 leak
Fri an(V)(1 = h(V. 1) - B(V)h(V, ) o . exp1

Na = 120mS/cm?
an

" _exp3;—0.1lqv+1 o = 115mV
E = an(V) (1 - n(V’ Z(‘)) - ﬁn(v)n(V’ Z(') a, V) = # K = 36mS/cm2

Ex = —12mV (C) RIKEN
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Neulite DFF

EIFDIEX#(L = Brain Modeling Toolkit

Brain Modeling Toolkit (BMTK)

AllentRFERIDNFEFE (Dai, et al. 2020) b

simulator
NEURONZEOCERDIZI 1L —FYDEIT-FER
@%ﬁéh\\ﬁjﬁg builder bionet pointnet filternet popnet

Python CEE3&

BioNet (Gratiy, et al. 2018)

NEURON || nest DiPDE
NEURONYZ 2L —49%FE1T79d5726HD ;l

Detaled  Abstract
Python125—J1—X

i BMTK®DO &4
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Neulite DFF

Neulite DUET : TG KRR S 2 L—2 3 FHIT simulator

bmtk

builder simulator analyzer

fi: bionet lite|; bionet pointnet filternet popnet :—__—_'_—‘;_—‘-‘:‘i-:-__; _“——:;:—E
' | o=
_,IJ\,. - NG, e =
A oY e

| Neuire |EIECGENNNRSSE DiPDE
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],

"genome": [

{
"value": 0.00030357031297000004,
"section": "soma",

NeUIite 1), Iﬁ% %1::’:;23;;,:3:%:-.'.*:,':.=

"value": 0.052161472289300001,

CTDBIC# SHIEET)L L fiEstis [

}
N > ) L wvalue": 0.0033126476739899998
NIVF A=A RETIL B e,
dV;(t) 1 Z Vi(t) — V;(t)
Yodt wdly & R

Lion.i(Vi(t),t) + Lsyn,j(Vi(t),t) + Iext i (t)

"value": 1.2128893375100001,
"section": "soma",
E H IE "name": "gbar_Kv3_1",
"mechanism": "Kv3 1"
}s

Civalue": 1.4016010650299999¢-05
B T‘L _:I / I\ x \/ I\ /\@j:m%& "‘s’gction":"soma", |

"name": "gbhar_K_T",
"mechanism": "K_T"

}s
{
"value": 0.0011153668151199999,
& "J\IE "section": "soma",
"name": "gbar_Im_v2",
"mechanism": "Im_v2"
}s
/]/ 7|- {

/bl/.

"value": 0.048152669735999999,
"section": "soma",

"name": "gbar_SK",

i: "mechanism": "SK"

b
{
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=
—

\//
-
NN
>\ll
Ly

"value": 0.0,

"section": "soma",
"name": "gbar_Ca_HVA",
"mechanism": "Ca_HVA"

b
{

"value": 0.0,
"section": "soma",
"name" "gbar_ Ca LVA"
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Neulite DFF
CTDBICHESEHIETETIL & ESEE
JILFOAVIN— KXY RNETIL

o Vi) 1 3 Vii(t) — Vi)
dt — mdl; 4~ Ry

IiOﬂ,J'(Vj(t)a t) T ISYH,J'(Vj(t)a t) + Iext,j(t)

RIGE : 1A ER =141EEDHodgkin-Huxley® F + X JL + 1D DMarkovE F + X JL
. Hodgkin-HuxleyZ F + % )L

Tion (V(2), 1) = Z GumPehe(V — Ey)) a, B EICER S NS EK
g g . WV OLAAVEEDBRZRIAVIN—MX Y NS EITETE
v grelt) = =5 @ = zw(V)) B HRROBIEEEICIE cnexp EEHBWS
_ 1 B a.(V)
(V) = lealV) = BV 2oV = az (V) + Bz(V) Ziyat = Too(V) + (2 — oo (V) exp ( TAOt/) )
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Neulite DFF
CTDBICHESEHIETETIL & ESEE
JILFOAVIN— KXY RNETIL

dv;(t) _ 1 Vi (t) — V;()
C,—— = Lo i (Vi(1),8) + Tson i(Vi(£),8) + Loy i(t
dt mdl; zk: R i(Vi(t);t) 4 Lsyn j(V(t), ) + Lext,j(2)

RIGE : 1A ER =141EEDHodgkin-Huxley® F + X JL + 1D DMarkovE F + X JL
* l\/lal’kOV:é -7—: '\7 *)l/ (Carter et al.,, 2012)

C~=Cgi>CryiCy>C 0 C: BIRRR, O : BARRER, | ATEME(BIRER
/ / / o "
Coff| Cofflb| Cofflb’ Coff/b Coff/b Ooff Z RIIREHNIREN DB
4 \ —
/Co4n Cc;n a /Cozn a /Con 3 ?on a 9on A AVER = g - 0( ) (V(t) L Erev)
o*a o*a < o*a o*a RN e Iy,
<~pb o Sopp S Sapp S5 — RIBIL T &T%‘:ﬁ#(
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Neulite DFF
CTDBICHESEHIETETIL & ESEE
JILFOAVIN— KXY RNETIL

dvi(t) 1

T 2.

k

Vi (t

) — Vi(t)

R

IiOﬂ,J'(Vj(t)a t) T ISYH,J'(Vj(t)a t) + Iext,j(t)

ﬁﬁﬁ?]ﬂﬁiﬁﬁiﬁwéﬂlﬁﬁﬁ . HiInes' method (ines, 1984

_ At

+ Z| AN — IC KBBEFA T —IRICKDEFRULDN SV

- BFEBEICE U T Crank-Nicolson 3% & Z5{fi (Hines, 1984)

- Hines' method

. BN UKD,

LN ARERZ, =

SRS

s =D 7=

DVAC S S NOE:

. ZEXWATIE# < Thomas method [CirWE4E

X U TRIER A

(t | A;)%ZIQ&JV(HN) =2V(r | Azt) - VinET B
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Neulite DFF

Hines method wines, 1984

. AVIIN—K XY NEDORFER + BB
. BIAIRITS C AR D+RFEOEZROHANIEEO

. JTET

BB DR ETIRT A LT EERECHITS filkin 2R S G 8

AV IV FIIERSEBERROHIETES DT

) ﬁ/ﬁi_wé;@'fb)\ Ck D E{l’-"ﬁq: < (a) Compartmentalized (b) Neuron tree (c) It’}arent and children

. $/—FID pid[N] + AEmBSET AdIN] + HFHER ApilN] ~ of ¢ compartment
D >z HETR Fig. 1: Multi compartment neuron modelling.

. Neulite IC & F 3£
SO REIFIRMREFES 11D swe (id,type, x,y,z,r,pid) TS D 1T ICHIEEHA AR L
MRBAEMOE TH D AN R /INA I RAZEITEESH LI
- BIALIE © MR ZOE L& I 2 RS EEERFIEICIHAEIDIRD

ETE [ RBEE+INERAIC K S EREEE

= \I||'I

10

Oy (I

Fig. 2: The general form of Hines matrix corresponding to
compartmentalized neuron in Figure 1(b) with J=[10,14].

(Vooturi et al., 2017)
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Neulite ® "E&1 FITEEL

Z l/ ‘/ I\j:tyl.l HlneS MethOd d)jtﬁ“{t (Mascagni, 1991; Hines et al., 2008; Vooturi et al., 2017)

| :
_HH

L\ 1o D B mE s 0z
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2 RFFIMERY N LM,y kR _ Eslzl®
> Mr= M. EHEL C_1C 1 |_|_IE-§F
' — "rhs I
3. BabElceEXRDHBRZETE (Vooturi et al., 2017)
GPURRZEE (vooturietal, 2017) ZZE|[CEEL. TBE&HE IC&LETFa21—=27
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Neulite ® "E&)1 MITEER{L
251 2B

. JTR I /a2 —OYRINAM T DFE#HEZbit TxKIA. Allgather THH
spike_arr[nid] = 1 or 0

. AR OBRAXRIIEARTOEANEHz BE

SR THEEFITBHEH > EEL
- BANULEZa2a—AYVESDHZIL _’J% Sending Indices A=
- B7OTARNTRERAUEZ2—AOV#E %= Allgather THE

num_of_spikes[rank] = n, sum(num_of_spikes[]) = total_spiking_neurons

- FANUEZa2—AvIDZALNR, Allgatherv THE
global_spiking_neurons [ 1 ] = nid
- B7OTRAICT, nid EENRZ Y FT7RAEBHENOGNIEY FTABEBRNELULED

. AINM78EIE 1 ms &

o




Neulite ® "E&1 HITE3EIL
RAINAL D E(E
Fugakulc 72 F 12—V 7 FH7ILT) X L%=FIA
Tofu Unit 87 (2*3*2/ — R) Ic&S< / — NEE(R
CFTANRTRA Y E— VYA REEBTTILTY LAY D ED S

« export OMPI_MCA_coll_select_allgatherv_algorithm=gtvbc LC cJ: z EE'%EFEHT

Collective Communication Information
COLLECTIVE ALG MSGMIN - MSGMAX COMM COUNT AVE.TIME(MSEC)
Allgather 100 oY 4194303 291456 1000 1.292
Allgatherv 2 0 4095 291456 3 6.047
Allgatherv 2 40906 16383 291456 1 9.073
Allgatherv 2 16384 65535 291456 /7 6.080

_Allgatherv | 2 | 65536 - 262143  A8x  33x 46 291456 | 483 8.874

["Allgatherv | 2 | 262144 - 1048575  48x  33x 46 291456 | 263 16.567

{ Allgatherv = 100 | 262144 - 1048575 ~~ 48x  33x 46 291456 | 68 3.767 |
“Allgatherv 10021048576 - 4194303 48x  33x 46 291456 = 34,507
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Cycle Accounting execution time(s) o Other instruction commit
L1D miss L1D miss
s
4.5E+01 @4 instruction commit L1I miss rate Load-store L1D miss rate d L0 ':T;c hardware software
| 3 instruction commit Cache (/Effective | - on L1D miss | {/Load-store (‘%: ):(/LID prefetch rate | prefetch rate
50 L _ instruction) instruction) ’ miss) {%%) (/L1D {%%) (/L1D
4.0E+01 A | 2 instruction commit miss) miss)
| 1 instruction commit
, m Barrier synchronization wait Process | Thread | I —
3.5E+01 36 0 0.00 5. 14E+0R 1.59FE+0R 0.31 91.79% R.21% 9
o Instruction fetch wait — - — - — s - L. —es i
N 36 1 0.00 1.SME+08 £.34E+07 0.33 92.57% 7.13%
m Store port busy wait - - —gpr= & ——— e = = = pr—
3.0E+01 36 2 0.00 5.55E+08 1.60E+08 0.29 S91.15% B.B5%
40 @0ther wait 36 3 0.00] 4.79E+08| 1.51E+08 0.32 91.91%
m Branch instruction wait 36 1 0.00 2.76E+08 9.22E+07 0.33 92.58% 7.13%
2.5E+01 O Floating-point operation wait 36 5 0.00 4.62E+08 1L ATE+OE 0.32 S92.00%: B.00%
mInteger operation wait 36 6 0.00 4.93E+08 1.55E+08 0.32 S1.91% B.0S%
36 7 0.00 7.ME+07 1.95E+07 0.28 S99.71% 0.29% -0.03%
2.0E+01 O Foating-point load L1D cache access wait (*) £ ~ -
36 8 0.01 1.07E+07 1.53E+05 0.01 = 2.41% -1.41%
30 F = Roming-polnk load L2 cacha acoses welk 36 ) 0.01] 1.076+07| 1.64E+05 0.02]  98.52% D.65% 0.80%
1.56+01 Olnteger load L1D cache access wait 36 10 0.01| 1.08E+07| 1.77E+0S 0.02 93.06% 1.49% -0.55%
@ Integer load L2 cache access wait 36 11 0.01 1.07E+07 1.68E+05 0.02 $3.15% 1.30% -0.15%
m Floating-point load memory access wait CMG 0 tota 0.00] 3.09E+08| 9.4BE+0E 0.31 92.05% 7.95% 0.00%
1.0E+01 -
m Integer load memory access wait
20 o Prefetch port busy wait by software prefetch
5.0E+00 - O Prefetch port busy wait by hardware prefetch
0.0E+00 — | Floating-point busy rate execution time
o i ~N [ag] < n O 4] -
B B B B B ) B 2 = o Integer busy rate execution time
¢ | ¢ | ¢g|g| || ¢ 5 3
= = = = = = = = ¢ oLl busy rate execution time
- - - - ~ F = F £
oL2 busy rate execution time
Prc;cgss m Memory busy rate execution time
(*)Include wait ime for integer L1D cache access
0 |
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Credit: Tyler Sloan and Amy Sterling for FlyWire, Princeton University
Raurzv ® Fugaku FUJTSU Rrirzw 4 Fugaku FuffTsu | l?.%?.l.'.‘enwaldfﬁtﬁ 1?7 20%1%

(Billeh et al., 2023; Akira et al,, 2024)
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