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Abstract: Derivative-free optimization is commonly employed in tasks such as black-box tuning of language-model-as-a-service and
hyper-parameter tuning of machine learning models, where the mapping between the solution space of the optimization task and the
performance indicator is intricate and complex, making it challenging to explicitly formulate an objective function. Accurate and stable
evaluation of solutions is crucial for derivative-free optimization methods. The evaluation of the quality of a solution often requires

running the model on the entire dataset, and the optimization process sometimes requires a large number of evaluations of solution quality.
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The growing complexity of machine learning models and the expanding size of training datasets result in escalating time and
computational costs for accurate and stable solution evaluation, contradicting the principle of green and low-carbon machine learning and
optimization. In view of this, this study proposes a green derivative-free optimization framework with dynamic batch evaluation
(GRACE). Based on the similarity of training subsets, GRACE adaptively and dynamically adjusts the sample size used for evaluating
solutions during the optimization process, thereby ensuring optimization performance while reducing optimization costs and
computational expenses, achieving the goal of green, low-carbon, and efficient optimization. Experiments are conducted on tasks such as
black-box tuning of language-model-as-a-service and hyper-parameter optimization of models. By comparing with the comparative
methods and the degraded versions of GRACE, the effectiveness, efficiency, and green and low-carbon merits of GRACE are verified. The
results also show the hyper-parameter robustness of GRACE.

Key words: derivative-free optimization; evolutionary learning; green and low-carbon; dynamic batch evaluation
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77 1] 4V (prompt. fine-tune) i AR, 4% HY T — B Bih i vk )7 8, RIS £ 7% (black-box tuning, BBT)!'. BBT
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R IR A FAER R B S AN . B RN DMERA, SIS AR H S o i
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Bl 1 ok A HESE A

Tc B B A A B AR 2 R O kA 95 B AL 5K I (evolutionary  strategy, ES)*7V . D1 - #7 41 1k (Bayesian
optimization, BO)**41, 3T 43 37 5 FL%: ) AR WAL 4K (optimistic optimization)®* ), %2 X J7 ¥ (cross-entropy
method)PH4% . Hirh vE 4K M s & T I8 1L 52 (evolutionary algorithm, EA), J&—Fh3 T REERIIAL 73, T
AR R A B FE A5 R B AT 4 2R AR S (AT AR OO TR A SRS T, I8 R I FE LG T — AL R A R
WIGHFNRE. B b 00554 8 FR I 5 A 8 IR R M 7 8], R UGEARRR A FIEE I — A, = A R AR
FRAFEEN — A, BRI RE PR BTR R SF HIFE T R, EAEIE AR ER T NP IR )RR
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T B — AR A EE. 5 BRI RAL, t T A8 R R 58 72 AR BB MR RS B R IE LR, B ARG BRI
AR RAE T ORBEAER, BT — RS SO R R AR P Al B R A0, VR DR R A A A
(PPASE AR ZRIMR). A7 BRI R — AN BT AR (T AR, 3R R e, B A s 3w S

AR T 3 A v AL SR, B 5 25 4 B & S 1K SR IS (covariance matrix adaptation evolution strategy,
CMA-ES)! Ve — it 25 18 fiff 4 7 5 i FB¢ AFH G Mk 19 v 800S4 SR s, LA R g S50 3 R B 47 Py MG SR Ak
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CMA-ES SVETE O BE A B 15 Jo0 52 i A 1) [R) B, 38 2 20 BURRAIE 32 '8 2 RE A0 ade fide, 3 T A 208 UL AL 68T Yo fe = 1)
MIRER 5X A S SRR . CMA-ES S8 FA b3 e 245 A0 A0 R 75 PR AL 7] R K8 0. DRI, #E AR SO
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3 EREEX
3.1 FERLEFARFETETMMRL
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{(xpy)hY BRI, R, T LR BIRBUR S B A 6.8 pain) B 2, fOS i) R A 1 R (¥ H b R £, A
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Suran = (G YNy B3, .5 | EERRE f(6,50)

6 f(a; Strain)

%3] o1 /@so

R

argming (6, Srain)
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Ay EVHCHE SR AR AR IR U PR S5 R, HLAT BLSE 20 A U SEALAE A 5 R AT F S RE 0 BUInE 2 H i i
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HHE B RS SR AT AR, DU AT DA R ARG D1 il SeAS . (FLf8E 38008 7 4 (0 VP AR {ELAN 4 B I GR AR VT Al (E 2 ) A7
iRz, B

fE,810in)=f0,5)+Noise,

Ho, AO.S)RAEE ¢ IRPEAL I, AL AL 5 50 73 s i) B SR Sy LREAT VRAG OS5 SR

FEAAE FAREAR T AR REAT UL I, AT DA P8I Tt B AT R A e 9, BIV: 700K 4 B0 52 X 70 it R/
MR E S, FRIGEE DB EILT I, teny, R XL AR TSy, BEATIFME, A
FETHFE KR BRI I A LR ARALT AREA b B E A B, XM B R 1 U5 1 S AR Uy
i, HABOR ST B0 XMk EEAt B AR A TR M 757 17T AR

§=Usctns.., B
Hrb, ieliyiy.i, 2 COSUP LR RS ES, B AT AR IS  MEEG R HER, 858 i

M E). EXFEARNTE ST, BOE TN EN T IR R BRI, R R E I E TR, B
2(b) 7 TIXFN T IR MR AR RS, Roma SR RE MO SCHEAE T, W (T R PR AL A AL B R 5 i e {i,psend, ) -
4 ETHSHETHNFRETHEENK
4.1 GRACE#EZ

ARCERH T — PR T B M E VA G 0B G T 2 E L (GRACE), B ERL L FE P 3 s ik 8507
fili AT I FEAS T 4R, 1T RUBUIR I A 15 31505 ot & A 1) PP il (B, A 2R A PP Al A AR A v B, SR 4
AR L m S e s ARG RO . BRI S, B D&y AL AT VAL, 2 PR A AR T T4l S At == 2 T)
AHAARE B, 48 SRR E R IR, AR IR AL BB AT 1T A, SE3 DUBUIR PP Al A 6 15 2 B m ks B 1Y
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AV R, WA A FEHCE TP PP AN E, 48 SRS R M E. GRACE HEQ MR 1
7N, GRACE iR~ E K W &l 3 ron.

R BT IS A E VRN 4 G T0 R B AR A T A HESE (GRACE).

N BERAES (optimizer), LI Z54% 1 (evaluate), TUEL budger, FHHF M,
1. WA GHREEE S {B),B,,... . By MBI TEAE R R
2: =0, D=,
3:  while r<budget do
4: if 1%M=0 then
5: S 2, IR PN R HE AL E AR LU T;
6: A TR B AP R R i — B &
7 end if
8 METHCRAMMMT R 43 WHFIMBR IS i e linhni )
9 O« AL 25 B R VPl B9 S 30 Optimizer(D,);
10: {y,,i}ii(,l’iz,___,,}”} <« YA RS BIVPE1E Evaluate( {(apr)}fe<f,,iz,...,i,") );
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e by, IR R B, IRy, = z P

12: Dui=D {0y}

13: tet+1;

14: end while

15: 6 «Optimizer(D,,);
i FERBNEMRG .
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e 2
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M5, SR AU RS T S0 B — AN, TP A E R B LR LR T RS PO AR - X AT,
FoR RN EREA R AR, R — NIRRT S PR T SRR G R AR, & T
%%mm%mwﬂ‘ﬁ%ﬂ%%%ﬁ%%%ﬁ%%AM§ﬁ%ﬂiﬁ%%%ﬁﬁﬁm*Eé?%%%%%%
W), W 3 AR E ORI, SiSEEE 2 R R TR R I B AT VR, DUV BOAS IR AT SE AR 1
PPASARL, AT A B30 R A8 ¢ 2 v 280 56 AR AL AT 55

% 1 7R T GRACE HISe B i, SRR M TR I S0 — Db AU R 548, JRasm— 3T
MEBAT VR, RSN, SRR SR T LTt E A O M4 ik AR it E, IR ERE
DUACES BT BE AR VPl R HF 32 5 8 PR G PRAl APL, DR ISR EAE T 2 5 & TIPS (. BEJa, PPASME
KPR EIAER R h, IR R A R AU % 3R 0 B PP Al (. 8 AW Bk AR,
HRH RS B st AL U, i B Ak Ak ol S A VA AR R IR SR, e . X ELRR
PR T LA — MR K TEBR B AR A 7 v, FEAR ST rh, 4% T IR BORBON RS E ) CMA-ESIISLVE.

42 HEBROKEEEEL

FEATT R A AR LR AR DU ARG ik, i STl A LR 2 IR AT BLRE, SR 5 AR A AR DLEE A5 2 2
SR TR R ALK A A O .
B IREIAS IR R MR SRR, WsOE, iR R RAKRIC RS R E




Bt F AT HAMNERENGRE T EMAT E 1739

TP A S HE 4, HEWWE 4 PR, sl RE — N 4R, 7T RUARIE AL AR R B (B A
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J7i BT S HE 500 HS2K; AT SR RIS EUR S 500). W T HEE KNG BE, A ST Few-shot f
B VE, BWITIE KNS A BT S K A BUR LI (BI7E SST-2 It & K/N A 8, 76 AG’s News b 1itt &
K/ANK 16). ZMltth, 7E LightGBM #E8! EHEAT T A2 20 TS R — AN EEAE 5%, Bl K/NE K 3 AN
RG2S

FE ST 15 5 B R AR 55 1) SA &M (BBT)IE 45 I, {# A IR (Y RoBERTa LARGE A5#4U01 s iof 1 14 3%
XHAERE A 500 35 S0 [ on i AT O AR AL, HET SE R — R A ERIE F BTSSR 1), EHLE
LightGBM #E R S ROF AT 45 1, @it fb s 2 Fioni 11 MERGE S %, BEi 45 LightGBM R G
TERAT S BAF BB R (R P SR AN SR, AR 4 6N W EGESR AN S8, TEXTE
18] B, AR 5 AN ED).

# 2 LightGBM #8Z ¥R AT 55 [ 2 A) %

LightGBM 2% 7 X BUERTY i 18] (B A I A A ) Y )
learning rate 3] # HES: [0.05,0.55]
n_estimators boosting 1% X KL Bk 1E X [E][50,350] P4 F B £

min_split_gain PAT T R R /N A Lk [0,1]
min_child_sample ~— —/N ¥ b BN B ey TEIX [AI[5,105] A fHE 5
min_child_weight — — AT ERB/NER S EUES: [1x107,1x107"]
max_depth B e R FE B {3,4,5,6}
num_leaves B _E I AN B 1E X [A][5,30] P9 f B 5
subsample FEHLVRRAE S50, Zmid s 8 [0.8,1]
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reg_alpha Ly IENL B Z % Xt H% [1x107%1x10%]
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TEFTA X LLSe I, S HOM BRI 5.0, S20GH, ST 56 T8 (b SRMK I 0%, PR /N o i N 20
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AR ARBUR FF g A Fh s — AN it e, EVPAREE N, 240 THUE Y 100(BBT SE46)EL 10(LightBGM S25).
ST FT A BT ES2 6 RIAE 2 50k i, S48 BEHLAN T 21~30 BEAT 10 YRBENLSZEE, 10 SBEAL SR 5 i 818 Fl 7 2
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FEAS K il R AR I 2R 5

(5)  Average!*"®!l: — Rl R AR Ak ST, @ Sk RTRAE IE L AN RE AT 1) P 354 R R DR A R 2 K B
M. fESEIGH, EECRFET 3 MLE;

(6)  Threshold™: — Mg 75 £k J ik, 38 Jo 445 5 B0 A1 Sk 4% il G 86 5 ARG BV I R A S 3. B0 EAR ki
PRI, URTAE LG Bk AR 0 M RESE TR BRI, D0 P 3k 2L A 8 T 0 EE A AL B8 PR 0 A
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B, ARSI RONRER 0.5 W% RAEE I LR, 223 & REERE, BEN 0.5
FF R A 1 BB B 0T )

(7) Stochastic: JGJR [E] FIBEATLIE Bt 5 347 VP AL .

TEFTA XL 7%+, BOHB. ASHA. Batch-BO N WL Z (R HEE 5 F B S HMRALHE L, Few-shot 24
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T
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Stochastic, X Bl 77 % AL T8 FEOLAL S0 b RO BEATLEE BE T B, SR IRARALBENLAS FH — A E AT VPl B T
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6 (T 500) IS AT I (B AR I 5 20, HE RETE CRAUERS 5 1) IR BRARREHE, ek /b B2 JRTH FE;
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RN} L VR AR A AT & LRSI R LK. BBT R BT 55 HITZ A0 M BE (2 A0 g e It 4 L 3k
LR RS, WRE A LS 584 E). WK 8 Al LLE i, GRACE HikE &£ LY
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HE gk 87 ARYIZE LR WE FIHERE  CFIRE R (s)
BOHA 1.2355+0.0013 0.8392+0.0000 10.1394
ASHA 1.237940.0024 0.839020.0000 8.9035
BatchBO - - —
. Fewshot 1.1329+0.0073 0.8544%0.0001 0.1360
SST-2(fik4) Average 1.08090.0096 0.855320.0002 0.4095
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Stochastic 1.0622+0.0034 0.8593:0.0001 0.1403
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BOHA _ 3 _
ASHA - - -
BatchBO - = —
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