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for name, N, D in [("Chinchilla", 70e9, 1.4e12), ("Llama 3 8B", 8e9, 15el2)]:
C=6*N*D
days = C / 4el4 / 1000 / 86400 # {RiC 4X10714 FLOP/s @ GPU % 1000 BfFE> &
print(f"{name:11s} N={N:.0e} D={D:.1e} C={C:.2e} FLOP (GPU 10008 T#Y {days:.0f} H) ")

# (2) 8RO LN, D) = E + A/N*a + B/DMB
fits = {"Hoffmann 5 (2022)": dict(E=1.69, A=406.4, B=410.7, a=0.34, b=0.28),
"Besiroglu 5 (2024)": dict(E=1.82, A=482.01, B=2085.43, a=0.3478, b=0.3658)}

def loss(N, D, E, A, B, a, b):
return E+ A / N**a + B / D**b

def optimum(C, E, A, B, a, b):
"""C = 6ND DFFIDH LT L ZRMTTS N, D ((FERA.4DHE) """
G=(@*A/(b*B)) *™ (1/ (a+h))
N=6G6*(C/6) ™ (b/ (a+Dh))
return N, C / (6 * N)

for fname, f in fits.items():
print(f"\n--- {fname} DHEK ---")
print(f"N DIEE B/(a+B) = {f['b']/(f['a']+f['b"']):.3f}, "
f'D DIER o/ (a+B) = {f['a']/(f['a']+f['b']):.3f}")
for C in (1el9, 1e2l1, 5.88e23, 1e25):
N, D = optimum(C, **f)
print(f"C={C:.2e}: =& N={N:.2e} D={D:.2e} D/N={D/N:6.1f} L={loss(N, D, **f):.3f}")

f = fits["Hoffmann 5 (2022)"]
print("\n--- Hoffmann 5DHRIHTHE L FB% ---")
for N, D in [(70e9, 1.4e12), (8e9, 2ell), (8e9, 15e12), (8e9, float("inf"))]:
print(f"N={N:.0e} D={D:.1e}: L={loss(N, D, **f):.3f} "
f" (MR E={f['E']}, A/Nra={f['A"]/N**f['a']:.3f}, B/DAB={f['B']/D**f['b']:.3f}) ")

TR -
Chinchilla N=Te+10 D=1.4e+12 (=5.88e+23 FLOP (GPU 10005 T#J 17 H)
Llama 3 8B N=8e+09 D=1.5e+13 (=7.20e+23 FLOP (GPU 10005 T#J 21 H)

--- Hoffmann 5 (2022) DEEK ---

N D¥E$ B/(a+B) = 0.452, D DIEE a/(a+B) = 0.548
C=1.00e+19: £ N=2.28e+08 D=7.31e+09 D/N= 32.1 L1=2.986
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(=1.00e+21: =i N=1.82e+09 D=9.14e+10 D/N= 50.1 L=2.
(=5.88e+23: Ei# N=3.25e+10 D=3.02e+12 D/N= 92.8 L-=1.
(=1.00e+25: Ei# N=1.17e+11 D=1.43e+13 D/N= 122.1 L=1.

--- Besiroglu 5 (2024) DREK ---

N DO B/(a+B) = 0.513, D DIEE a/(a+B) = 0.487
(=1.00e+19: & N=2.62e+08 D=6.36e+09 D/N= 24.2 L=2.
(=1.00e+21: E=i& N=2.78e+09 D=6.00e+10 D/N= 21.6 L=2.
(=5.88e+23: & N=7.30e+10 D=1.34e+12 D/N= 18.4 L=1.
(=1.00e+25: E=i@ N=3.12e+11 D=5.34e+12 D/N= 17.1 L=1.

--- Hoffmann 5 DR THEL iBK ---

N=Te+10 D=1.4e+12: L=1.937 (IR E=1.69, A/N*a=0.083,
N=8e+09 D=2.0e+11: L=2.146 (P9ER E=1.69, A/N*a=0.175,
N=8e+09 D=1.5e+13: L=1.949 (ER E=1.69, A/N*a=0.175,

329
930
845

930
308
977
915

B/DB=0.163)
B/D"B=0.281)
B/D"B=0.084)

N=8e+09 D=inf: L=1.865 (PER E=1.69, A/N*a=0.175, B/DAB=0.000)

B.2 RZEFHIOYTIZH LA GB4H)

#INEBETILD TRBRER) DPONETRVES/NFETHEL, REVETIOEREZTHTS

ES

import math, random

E, A, alpha = 1.69, 406.4, 0.34 # TE®D) EB L=E+ A/ Na (F—RIE+DICHBET3B)

random.seed(1)
Ns = [10 ** (7 + 0.5 * i) for i in range(7)]

Ls = [(E + A / N**alpha) * (1 + random.gauss(0, 0.005)) for N in Ns]

def fit(xs, ys):

# le7 ~ 1lel0 OTEEDETIL
#0.5% OAEDESDOE

"ER Y =wx +c ORNFE (BB ODFBHMBLEE ) """

mx, my = sum(xs) / len(xs), sum(ys) / len(ys)

Sxx = sum((x - mx) ** 2 for x in xs)

Sxy = sum((x - mx) * (y - my) for x, y in zip(xs, y
w = Sxy / Sxx
return w, my - w

*

mx

s))

# (a) E Z5|WTH OB TERZETIEHS  log(L - E) = log A - a log N
w, ¢ = fit([math.loglOo(N) for N in Ns], [math.loglo(L - E) for L in Ls])
print(f'(a) E #3|\W=38E  a OHEEME = {-w:.3f} (EDME {alpha}) , A DHEE = {10**c:.1f}")

# (b) E Z5|HFIC log L #ERTYUTIEHS

w2, c2 = fit([math.loglO(N) for N in Ns], [math.logl0(L) for L in Ls])

print(f"(b) E Z3|HAWVEE RHTDER = {-w2:.3f}")

for N, L in zip(Ns, Ls):
print(f" N = {N:8.1e} L = {L:.4f}")
for N in (lell, lel2): # RERLTLHLAZTIADINE
true = E + A / N**alpha
pa=E + 10**c * N**w
pb = 10**c2 * N**w2

print(f"N = {N:.0e}: BE®d L = {true:.4f} FAl (a) = {pa:.4f} FAl (b) = {ph:.4f}")

TGS

(a) E Z5|W\WIBE o OHETEME = 0.349 (EDfE 0.34) , A OHEFEME = 478.1

(b) E Z5I072WEE BANTDER = 0.087
N = 1.0e+07 L = 3.4060
N = 3.2e+07 L = 2.8559
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N = 1.0e+08 L = 2.4652
N = 3.2e+08 L = 2.2051
N= 1.0e+t09 L = 2.0328
N = 3.2e+t09 L = 1.9296
N= 1.0e+10 L = 1.8423

N=1le+tll: ED L =1.7640 Ffl (a) = 1.7595 Fifll (b) = 1.4130
N=1e+t12: E® L =1.7238 F#l (a) = 1.7211 Ffl (b) = 1.1552
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