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ABSTRACT: To improve the response accuracy of
aggregated control for massive distributed building
air-conditioning loads under multiple operating scenarios,
this paper proposes a flexible aggregate control framework
integrating multimodal large language models (LLM) and
physics-informed neural networks (PINN). First, the inertial
electrical response of air-conditioning units and the
multi-node thermal dynamics of rooms are decoupled, and a
hierarchical PINN simulation model is developed to derive
room-level dynamic power safety boundaries and support
continuous thermal safety verification during the response
process. Second, a multimodal LLM is used to parse
operational semantics, functional topology, and visual scene
information, converting unstructured rules and occupancy
states into room-level structured constraint parameters.
These parameters drive feature-wise linear modulation
Transformer (FiLM-Transformer)-based candidate allocation
and quadratic programming (QP)-based feasible-domain
projection. A semantic-constraint marginal value assessment
method is further developed based on QP dual information,
enabling semantics-aware fast feasible allocation and value

quantification of constraint relaxation. Case studies show
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that the proposed method characterizes room-level
regulation boundary variations caused by operational
semantics and visual states, achieves second-level feasible
allocation at the building-cluster scale while satisfying
power balance, room boundary, and dynamic thermal safety
constraints, and provides high-accuracy dynamic response
evaluation. The dual-marginal-value-based constraint
relaxation strategy covers capacity deficits with reduced

comfort compensation costs for high-sensitivity constraints.
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Fig. 3 Dynamic power boundaries under different visual occupancy states

F= 1 BHE 100 BEAREAERNEL TR E
Tab.1 Online execution time of different methods in the

single-building 100-room case

i#R/AKW  Transformer/s T+QP/s  MPC/s  #Hals
140 0.399 4.626 39.985 65.031
180 0.226 3.251 49.982 6591
200 0.218 3.643 55.758 78.027
220 0.226 3.687 60.821 69.138
240 0.222 3.661 66.809 91.375
260 0.228 3.424 82.392 106.702

1A H T HM 100 53750 A FE TR
FELIAT I A] o Transformer 3 I [A] A AN il i
RIYFAA; T+QP #EA%IE 73 e 5 B I QP #E AN
PINN Zh&RH%, AT I (A A2 e fE R vE Bl R
BEVE 5K Dy 28T+ iy A 2SR 7 3G 0 H R 6 2 U B
MPC HIEE i AT A R SR i sF 1) i 17 SR Ty 26 19
Bk FH, RHERIAETTERT LRI R N
U, HLFEKET, Transformer EE R ERKH
BERHERE, T+QP oS I [l 25 4 4% s Atk
& PINN Hi [F#4%; MPC R X MRAL 52

M SZ AT Ik TEERZY ARG 2 A 2R I A
M. 140 kW 375 F T+QP FE fm, FE5H
UCOR AR . SRARZEWIUG10. PINN it
B GAF IR R A O, ARG
ZES AN

BT, SRR ATy SRR 4
BodEuE, U A 10 # 1000 FHiE 5, 45
A AL AR S FE AR & 2 R W5 18, 4k
M T2 e SN R G . T RHE
HIOREIR S MPC 1E NI R SR, =S
Transformer. T+QP Fl MPC £ HUtR 3 g 5 (7R 28
KRR .

TG TRETRE 1000 55 13 50 AR Fud
WHRBIR AR, HdiE 2 %4% Transformer
/T+QP/MPC HJJFF4iit, R2HTH£AE MPC 5
T+QP S5 A1 4Bl 25 i) — 8t . Transformer Al
T+QP fE& T & T IR FFRDHANAT , T+QP AH
¢ Transformer ¥4 i1 T QP #52F1—IX PINN 24
AL ], ARAT B A TR 30 MPC; ¥R3)] MPC
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Tab.2 Algorithm performance under different loads in

the 1000-room case

R Transformer  T+QP MPC

A% R
kW /s /s /s
400 2.051 5.610 76.827 0/0/0 -
700 2.113 4.609 91.179 0/0/0 -
1000 2.050 4.708 122.835 0/0/0 -
1300 2.038 4.797 168.129 18/0/0  0.602
1500 2.034 4.743 210.198 76/0/0  0.699
1700 2.084 4.828 240.252  163/0/0  0.905
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MU 2 H1 R 1700 kW iERIZ ST . K 4
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i 38 73 TC R Atk Eoor i 57 g (R AT 4B 1R, AF
PaN At N Y R R SN EIEE IR R A P
MPC 73 FL 45 15 T+QP PREFE = —Ei, (HAEH
oz B T S I T A <G = T C S
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T+QP, 5 B B a4k 3 25 R Ae e S i A 2% o i 2
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Fig. 4 Room-level power allocation under the 1.7 MW

request
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Fig. 6 PINN validation of three-node temperature

trajectories in representative rooms
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Fig. 7 Distributions of dynamic boundary margin and

stress ratio for 1000 rooms
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Fig. 8 Capacity release and unit net benefit under

semantic constraint relaxation
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Tab.3 Capacity release and net benefit under different

semantic constraint relaxation strategies

(e €28 VDA S G TR S Sk L/ &
il

kW Ju/kW /76
AT 340.37 1.246 423.99
L A+EIT S 339.21 1.061 360.02
B A+EE X 35520 1.162 412.87
EA AN+ G 356.09 1.065 379.13
O AHSRIRNLE  379.47 0.889 337.32
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