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Abstract

Data centers are among the power grid’s fastest-growing loads.
Since data center servers are sensitive electronic components, they
need to be protected against the grid’s voltage disturbances during
grid faults. While this can be achieved by simply disconnecting from
the grid upon disturbances, disconnection can further destabilize
the power system if many data centers trip at once. To address
this emerging concern, voltage ride-through (VRT) grid codes have
been proposed to standardize data center behavior. They require
a data center to stay connected for a period of time through the
disturbance, hold an active power floor, and recover its draw within
a deadline upon restoration. However, systematically designing
and certifying controllers that satisfy these coupled temporal and
operational requirements remains challenging.

We propose SOLVRT, a system that synthesizes a grid-code-
compliant VRT controller for a given data center using formal
methods. We develop a specification language that expresses a grid
code in Signal Temporal Logic (STL) as the basis for formal rea-
soning. Our encoding algorithm takes the specification, along with
a model of the data center’s power topology, and translates the
constraints into a controller synthesis problem. This step produces
a correct-by-construction controller if a solution can be found, or
a proof that no such controller exists. For the latter case, SOLVRT
provides a diagnostic step: it traces the facility’s “conflict frontier,”
isolates the conflicting clauses that led to non-compliance, and com-
putes the smallest hardware or workload change that would enable
compliance. We evaluate SOLVRT through closed-loop simulations
of a 200 MW data center connected to a 140-bus transmission sys-
tem. The results demonstrate that SOLVRT can synthesize compliant
VRT controllers, certify infeasibility when compliance is unattain-
able, and identify targeted modifications that enable compliance.

1 Introduction

Data centers (DCs) are large electric loads with fluctuating demands
and high sensitivity to power quality; their response to grid voltage
disturbances has been a rising concern. For instance, if the grid ex-
periences voltage sags upon contingencies and faults, data centers
may simply disconnect from the grid in order to protect internal
devices (e.g., by switching to local power sources such as UPSes and
diesel generators). From the grid’s perspective, however, simulta-
neous disconnection of large loads introduces further disturbances
during an already-stressed event. In a 2024 incident in Virginia,
a single transmission-line fault caused voltage sags that tripped
roughly 1,500 MW of data center load at once, most of which stayed
offline for hours [31].! This has prompted the development of volt-
age ride-through (VRT) requirements from grid operators, such as

1A larger event of the same type occurred in Virginia on July 22, 2026, with a reported
total load loss roughly 3 GW. Detailed analysis of this incident was not available at the
time of writing.
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ERCOT (US) and Energinet (Europe). VRT requires the data center
to remain connected and follow specified response criteria if the
grid voltage sags or swells during a transient fault.

While VRT has been well studied for power devices and gener-
ators, data centers present a new range of challenges. First, DCs
represent a large load, whereas VRT standards were originally de-
signed for generators. Further, DCs comprise a system of devices,
each with its own protective response mechanisms invisible to the
grid, requiring system-level joint control. The growth of AI work-
loads compounds these challenges: a single data center campus
now draws hundreds of megawatts, its training workload swings
within seconds, and the hardware at risk (e.g., GPU clusters) is
costly enough that individual protections are tuned to trip early.

Today, a data center’s response to a voltage event heavily de-
pends on individual device protection settings, power electronics
vendor behavior, and controller heuristics. Under this uncertainty,
DC operators default to early disconnection to protect their in-
ternal operation. A hand-tuned controller might help the DC ride
through, but provides no compliance guarantee since grid codes
impose several timed requirements that the data center must satisfy
simultaneously. A principled design for the data center to control
internal devices and ride through voltage events with guaranteed
grid code compliance is still missing. This difficulty is compounded
by the fact that the grid codes exist as natural language documents
describing numeric constraints, which are hard to analyze formally
in a machine-checkable manner. This interface between grid re-
quirements and data center capabilities is described in informal
text, making it difficult for grid operators to anticipate data center
behavior, for data centers to guarantee compliance, or to reason
about the hardware or workload provisioning that would achieve
compliance under all conditions.

In this paper, we take a fresh look at VRT from the perspective
of formal methods. If we can formalize grid codes in a machine-
checkable language, a range of synthesis and verification methods
becomes available to attack this problem. We argue for treating
VRT requirements as a formal assume-guarantee specification, a
method widely used in safety-critical domains such as aerospace
engineering [21, 35]. With the assume-guarantee interface, the grid
states assumptions on the voltage disturbance, and the data center
must uphold guarantees on its response over explicit signals when-
ever those assumptions hold. Both assumptions and guarantees are
timed constraints on real-valued signals, and Signal Temporal Logic
(STL) expresses exactly such predicates over signal trajectories [29].
Compliance can be established by solving whether a controller
exists that enables the data center to satisfy the guarantee under
the assumption while respecting all constraints.

Following this intuition, we propose a grid-code-aware system
SoLVRT that solves the VRT compliance problem for data centers
using formal methods by synthesizing a code-compliant controller
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for a given data center. When this synthesis is infeasible, SOLVRT
diagnoses the unsatisfiable clauses and provides change recom-
mendations. We make three contributions. First, we develop a new
domain-specific language (DSL) for expressing data center VRT grid
codes. The specification makes voltage event assumptions, response
requirements, timers, active-power floor, and internal protection
limits explicit and machine-checkable—using STL predicates to
capture the core requirements. Next, our algorithm encodes the
specification into a controller synthesis problem with other con-
straints, including disturbance traces, plant models, and hardware
constraints. When the synthesis query is feasible, SoLVRT outputs
a model predictive controller (MPC) as witness. If synthesis is infea-
sible, the diagnosis and provisioning step takes over. We diagnose
the violating clauses and provide provisioning recommendations by
modeling infeasibility as the conflict frontier. This allows SOLVRT to
identify the unsatisfiable core of the conflict and compute the mini-
mal changes needed on hardware capability or workload flexibility
to restore compliance for a given data center and specification.

With a comprehensive simulation using a 200MW data center
and a 140-bus transmission system, we are the first to formalize
VRT requirements for data centers as a controller synthesis problem
and demonstrate its practicality. We hope this paper will inspire
future work that studies DC/grid coordination through the lens of
formal analysis to increase the resilience of cross-infrastructure
interactions. We will release SOLVRT in open source.

2 Background and Related Work

2.1 What are VRT and LVRT

Voltage ride-through (VRT) has traditionally been defined as a
generator-side requirement [20, 37]. Its central objective is to en-
sure that generators, including synchronous machines and inverter-
based resources such as solar photovoltaic and wind generation, re-
main connected during short-duration voltage disturbances caused
by grid-side faults. By preventing premature disconnection, VRT
requirements help avoid cascading loss of generation and support
system stability during and after fault events.

Comparable ride-through requirements have not been imposed
on loads, which were typically smaller, more dispersed, and had a
less explicitly regulated dynamic voltage response. However, the
rapid growth of large electronic loads, particularly DCs, is changing
this assumption. Since a single DC today can represent a substantial
amount of load, its disconnection during a voltage disturbance can
create an abrupt loss of demand and potentially worsen grid dynam-
ics. As a result, large-load ride-through capability is emerging as
an important reliability requirement. For example, ERCOT [16] is
developing large computational/electronic load ride-through rules
through NOGRR282/NPRR1308, motivated by observed DC and
cryptomining load trips during normal voltage disturbances. When
data centers are clustered in a region, the grid-side impact is aggra-
vated. In the 2024 Virginia incident [31], a single localized trans-
mission fault propagated to data-center facilities across the region
as a voltage sag, triggering their independent protection at once
and amplifying the fault into a total load loss of roughly 1,500 MW.

These emerging codes share a three-part structure: the DC must
stay connected while the voltage disturbance lies within a ride-
through envelope (Figure 1), keep its active power draw above
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Figure 1: Low-voltage ride-through envelopes of the two
codes: ERCOT NOGRR282’s band envelope (May 2026) and
Energinet TR 3.4.3’s voltage-time curve.

a floor during the sag, and restore its draw within a deadline af-
ter the sag clears. Codes differ only in the values that each part
takes. For example, Energinet’s VRT code [15]—the Danish code
for transmission-connected demand facilities—places requirements
on the same structure of three obligations as the ERCOT code, and
the two codes only differ in the requirement values. Regarding how
long the facility must stay connected during voltage sags or swells,
ERCOT specifies voltage ranges with corresponding ride-through
durations; in contrast, Energinet requires a piecewise-constant
voltage—time curve. Regarding active power that the facility must
keep drawing during the fault, ERCOT requires a level proportional
to the sag for certain voltage ranges, while Energinet permits a floor
of zero for all depths. Regarding recovery of active power draw
after the fault, ERCOT sets a single target of 90% of the pre-fault
draw within two seconds, whereas Energinet stages three targets
over 30 seconds (80/90/95% at 5/20/30 s) and caps the overshoot.

VRT grid codes may require data centers to ride through both
voltage sags and swells, but sags are the more challenging case.
Upon sags, low-voltage ride-through (LVRT) involves all three
requirements (connection, minimum power draw, recovery); but
high-voltage ride-through (HVRT), in the example of ERCOT, im-
poses a connection requirement and an unchanged active power
draw, making it an easier subset of the LVRT problem.

Hence, we focus on LVRT in this paper, although SOLVRT’s gram-
mar can encode voltage swell and related power draw requirements
as well and the synthesis query stays the same. Unlike conven-
tional LVRT requirements that are often specified for an individual
generator or power-electronic device, data-center LVRT must be
understood as a system-level property. A data center consists of
multiple interacting components, including UPS systems, battery
energy storage, switchgear, power-electronics interfaces, internal
distribution networks, and workload-dependent power consump-
tion. In practice, during a voltage sag, tripping is initiated not by the
computing equipment itself but by facility protection tuned to pro-
tect it. In the 2024 Virginia event, UPS control schemes that count
voltage disturbances tripped the facility after repeated sags [31].
LVRT analysis and certification for data centers is therefore fun-
damentally different from conventional device-level verification:
it requires certifying that the aggregated data-center system satis-
fies grid-side ride-through requirements while respecting internal
device constraints.
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2.2 Data Center Electrical and Compute Models

From an electrical perspective, prior work models DC power deliv-
ery using UPS systems, BESS, switchgear, power-electronics con-
verters, and internal distribution topology [42]. These components
make the load behavior different from a passive constant-power
load through a combination of protection settings, converter limits,
and reactive-power capability, which affects the data center’s capa-
bility to comply with LVRT grid codes during a voltage disturbance.
We adopt LinDistFlow [5, 46], a standard linearized power-flow
approximation for radial distribution networks, to model the in-
ternal network of the DC. Specifically, the DC network extends
from the grid interconnection point through transformers and dis-
tribution lines to internal buses, where compute loads and UPS
and BESS converters are connected. UPS and BESS resources are
especially relevant for LVRT because they sit between the grid
and the computing load [3, 39]. They can buffer active power, pro-
vide or consume reactive power, and protect internal equipment
from voltage disturbances. Their behavior is constrained by hard-
ware ratings: active-power limits, reactive-power limits, energy
limits, and apparent-power capacity. In power-electronics models,
active power P and reactive power Q often share the same con-
verter capacity S, e.g., P2 + Q* < S%. These converter resources
are typically what prior ride-through controller designs actuate:
centralized and decentralized voltage control over the facility’s
internal distribution network [42], grid-forming control of UPS
and BESS converters [1, 36], passivity-based converter control for
DC facilities [40], and coordinated grid-side storage that absorbs
load transients [26, 30]. These designs are validated on simulated
faults, but treat the grid code informally: they can neither certify
compliance nor establish that no compliant controller exists.

In terms of compute, data centers are increasingly dynamic loads.
Prior work on GPU and AI workload power management shows
that software can change the power profile through power caps,
frequency scaling, scheduling, and workload shifting, for efficiency
and demand response [2, 12, 28, 41]. A related line coordinates
data centers with the grid in normal operation, including voltage
regulation via GPU-level actuation [27]. These software knobs act
on timescales too coarse for a low-voltage event, so they cannot
serve as fault-time controls. The workload still impacts the ride-
through problem through the pre-fault active power, which sets
the grid code’s power floor and recovery target.

2.3 The Case for LVRT Formal Specifications

Formal specifications are logical statements with precise seman-
tics, in stark contrast to natural language, which is the common
method for describing grid codes. Their precision is what enables
automated verification and synthesis, and safety-critical domains
have long adopted them for exactly this reason. Specifically, assume-
guarantee specifications have been proposed as the algebra of com-
positional system design [9, 21, 22]: one side states assumptions on
its environment, and the other upholds guarantees whenever those
assumptions hold. They have been applied to aircraft electric power
systems [32], space missions [35], and networked control [10, 23];
this paper argues for taking a similar approach to LVRT analysis.

In particular, temporal logics support the expression of state-
ments over signals that change over time. Within the class of tem-
poral logics, Linear Temporal Logic (LTL) and Metric Temporal
Logic (MTL) operate over boolean propositions, while LVRT grid
codes constrain real-valued signals against numeric thresholds un-
der deadlines. Signal Temporal Logic (STL) specifies requirements
over exactly such real-valued signals in continuous time [29]. Its
atomic predicate is any Boolean-valued statement y over the signals
x being considered. Its formulas combine predicates with Boolean
operators and time-bounded temporal operators,

@ == p(x) [ =@ | oAy | oV | Opap) ¥ | Clap) ¥ | @ Upap) ¥, (1)

»

where Op 4] reads “always on [a, b],” O[4p] reads “eventually within
[a,b], and ¢ Upap) ¥ reads “p until  within [g, b]”. Beyond the
boolean verdict x |= ¢, STL has a quantitative robustness p(¢, x):
positive exactly when x satisfies ¢, with its magnitude being the
margin of satisfaction or violation [6, 17]. These operators can ex-
press many cyber-physical requirements, such as maintaining a
signal within a safe range, responding within a deadline, or satisfy-
ing a condition over a time interval. LVRT has this same structure,
since voltage ride-through, active power floor, and recovery are
all time-dependent. Synthesis from temporal-logic specifications,
which decides whether any controller can satisfy a given specifica-
tion, is studied extensively in robotics and control [7, 25]. For STL
in particular, synthesis can be formulated as an optimization prob-
lem [33, 34]: Given a plant model y = g(u, w) mapping a control
signal u and a disturbance w to the output y, a feasible control set
K, and an STL formula ¢, synthesis solves

uw* =argmin J(u) st p(py) 20, y=guw), ueck, (2)

for a control cost J. The constraint p > 0 requires even the tightest
clause of ¢ at its tightest instant to hold. BluSTL [14] implements
this method by encoding the bounded STL formulas as mixed-
integer constraints over a discretized time window, solving (2) in-
side a receding-horizon loop and applying the first action each step,
yielding a model predictive controller (MPC). For power systems,
this synthesis approach has targeted generation-side frequency
regulation with energy storage [43, 44] and grid-supportive DER
modes [45], but not load-side ride-through. We build our synthesis
on a Python reimplementation of BluSTL and instantiate (2) for our
plant and specification in §3.3.

3 SoLVRT Design

LVRT grid codes require data centers to stay connected during low
voltage events. To do so, a data center must carefully control its en-
ergy storage resources and UPS systems. This section investigates
how the data center should perform this control. We first formalize
grid codes using STL, which expresses LVRT requirements in a
machine-readable format. We then provide a synthesis algorithm
to find a controller for a given data center, deriving a control law
and certifying its compliance with the grid code. If no such control
law can be found, we perform diagnosis to suggest changes to the
data center’s parameters to achieve compliance—e.g., by increas-
ing power electronic device capacity, redesigning the data center
topology, or shaping workload power consumption.
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Figure 2: High-level architecture of SOLVRT, comprising three main components: grid code formalization (§3.2), controller
synthesis (§3.3), and diagnosis and provisioning (§3.4). A grid code is encoded as a formal spec in our STL-based DSL. The
spec and the data center’s parameters are encoded into a controller synthesis query. When feasible, the query returns a
correct-by-construction MPC controller; when infeasible, diagnosis and provisioning computes changes that restore compliance.
A simplified internal power topology of a data center is shown on the left, with LVRT signals at their measurement points.

symbol meaning

Vg grid voltage at the point of connection

v; min internal bus voltage over n compute buses

P aggregate active power drawn from the grid

Ppre pre-fault active power (i.e., p at the time of the fault)

Table 1: Signals used to encode LVRT grid code.

3.1 LVRT Grid Codes

Grid operators have introduced LVRT grid codes, which regulate
the behavior of a data center during a voltage event and usually
contain three components. The grid codes require the data center
to stay connected during a grid voltage sag, keep active power draw
above a level during the sag, and recover active power draw within
a deadline after the sag is cleared. The following simplified example
is provided by ERCOT [16]:

ERCOT LVRT grid code snippet

A data center shall remain connected to the Transmission
Grid during voltage conditions requiring ride-through. When
grid voltage falls below 0.9 pu but remains above 0.8 pu, the
data center shall continue consuming active power during
the low voltage condition, and may reduce it proportional to
the voltage drop, but shall return to 90% of its pre-disturbance
level within two seconds of voltage returning above 0.9 pu.

LVRT involves the following three signals. (i) v;: In order for
a data center to stay connected, its internal compute bus voltage
v; must be above a threshold; otherwise, overly low voltages will
trigger protection mechanisms that disconnect the data center from
the grid and switch to a backup power source (e.g., diesel genera-
tors), in order to prevent damage to power electronics inside the
data center. (ii) p: The data center draws an aggregate active power
p from the grid; at the time of the fault, the power draw pj is
called the pre-fault active power, read off the workload trace at
the fault instant. This is the reference value, and it sets the scale

of the power floor during the fault and the recovery target during
recovery. (iii) vy: The grid voltage v, at the point of data center /
grid connection is the disturbance: this signal sags during a grid
fault, and triggers an LVRT response from the data center. Figure 2
shows where these three signals are measured in the data center.
The duration for which the data center is required to stay connected
to the grid depends on the severity of the sag. For more severe sags,
the required duration is shorter; if the sag exceeds the threshold,
the data center is allowed to instantaneously disconnect, and the
grid code requirements are lifted. Table 1 lists the signals.

As §2 describes, LVRT codes share the same three obligations
and differ only in the values each takes. The next subsection intro-
duces a language that the grid code author can use to turn these
requirements into formal specifications.

3.2 Formalizing LVRT Grid Codes

As discussed in §3.1, the LVRT requirement is defined over multiple
post-fault time segments, with time-coupled conditions and nontriv-
ial rules for active-power floors during voltage sags and recovery.
This temporal coupling and piecewise structure make it challenging
to directly verify data center compliance using static operating-
point analysis or conventional device-level checks. STL, on the
other hand, has enough expressivity to write these requirements.
Specifically, through the always (O) and eventually (¢) operators
over time intervals, it provides a convenient basis for the formal-
ization of the LVRT requirements. Encoding LVRT requirements
in STL not only removes ambiguity, but also enables automated
synthesis of a controller for a given data center and grid code. Such
a synthesized controller is guaranteed to satisfy the requirements
under all possible scenarios when such a controller exists. Next, we
use the ERCOT example to illustrate this encoding in a new specifi-
cation language for LVRT grid codes. Figure 3 defines the language,
and the rest of this subsection instantiates it for the ERCOT code.

A specification begins with variable declarations. Signals are
time-varying quantities measured at the points shown in Figure 2
(e.g., grid voltage v,); parameters are constant values for a data
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center (e.g., the equipment trip level vy;p); variables are computed
from signals and parameters. ERCOT declarations are as follows.

1 signal Vg, Vi, p; // definitions in Table 1

2 param Vtrip; // equipment tripping voltage
3 param T_hold; // recovery hold window

t var p_pre; // power draw at time of fault

Among these, ppre and Tjolq are interpretations we make where the
ERCOT text is underspecified, rather than values taken literally
from it; §5 details both.

An event is defined when a signal of interest crosses a threshold.
For instance, in the code below, a fault event occurs when g falls
below the required 0.90 pu, and a recovery event occurs when o,
is brought back after a fault. The pre-fault power draw is taken
from p right before the fault event.

5 event fault = fall(Vg, 0.90);
6 event recovery = rise(Vg, 0.90) after fault ;
p_pre = p at fault; // sample just before fault

§3.1 describes the grid voltage sag ranges and the maximum
durations for which the data center must stay connected. These are
the conditions under which a data center is required to perform
LVRT. The assume block captures them as follows:

8 assume {

9 var duration = { // ride-through envelope
10 Vg in [0.80, 0.90) => 2.0s;

11 Vg in [0.50, 0.80) => 0.5s;

12 Vg in [0.35, 0.50) => 0.25s;

13 Vg in [0.00, 0.35) => 0.15s;

14 }

15 recovery - fault <= duration

16 3}

In the assume block, the ride-through envelope maps each sag depth
to its maximum sag duration, and the final line assumes the grid
voltage recovers within that duration.

If these assumptions hold, the data center is to uphold three
LVRT guarantees shown in the code below. The guarantee block
first defines the active power floor level y that the grid code re-
quires, then states the three clauses expressed in STL operators and
anchored at the two events, fault and recovery.

18 guarantee {

19 // active power floor

20 var mu = {

21 Vg in [0.50, 0.90) => Vg * p_pre;

22 Vg in [0.00, 0.50) => 0;

23 }

24 // clause 1: data center stays connected:
25 Always[fault, recovery] (Vi >= Vtrip);

26 // clause 2: holds power floor:

27 Always[fault, recovery]l (p >= mu);

28 // clause 3: power draw eventually recovers
29 Eventually[recovery, recovery+2s](Always[@, T_hold] (p >= 0.9 * p_pre));
30}

The full requirement is the conjunction of three STL clauses, each
a formula ¢ of the grammar (Figure 3) with its time windows an-
chored at the declared events. We refer to them as connection
(¢conn), active power floor (¢g;,), and recovery (¢grec):

@ = Qconn N Pfir N Prec- (3)

Stay connected. The data center’s internal voltage v; must stay above
the power-electronics trip threshold vy, over the fault window

[tf> tr]:

@conn = D[tf, tr] (Ui = Utrip)~ (4)

spec u= decl* assume guarantee
decl = signal x | paramx
| varx [ = expr]
| evente = (fall | rise) (x, const) [after e]

assume u= assume {(decl | pred)*}

guarantee := guarantee {(decl | ¢)*}

] = pred | Always[I] ¢ | Eventually[I] ¢

I = |1, 7] tu=e | t+dur | dur

pred = expr (2|<|<)expr | expr in [ const, const)
expr u= const | x | v | xate | expr(+|—|-)expr

| {(pred = expr)*}

Figure 3: Grammar of the grid code specification language.
Keywords are in bold; x stands for declared names, e for de-
clared events. signals are measured and params data-center-
supplied, while vars are derived; an event binds the time
instant of a threshold crossing. The assume block describes
the admissible disturbance; the guarantee block is a conjunc-
tion of clauses ¢: STL predicates over time windows I, which
are event-anchored or relative. A predicate is a comparison
or a band-membership test.

Hold the power floor. Throughout the fault duration, the active power
must not fall below the floor level i defined in the guarantee block:

®r += Olep, 1] (p=p. (5)

Recovery. After the recovery event, the active power must reach a
target lower bound, I = 0.9 - pyre, within a deadline T = 2 seconds,
and then hold that level for a window Tj,o14. The eventually operator
O over [t t, + T, with a nested always operator O over [0, Thold],
captures this:

Prec = O[tr,t,+T] 070, Tiyoia] (P 2 l) (6)

The code’s text requires only the return of active power within the
deadline after grid voltage recovers. We additionally require the
level to hold for Tj04, so that a momentary spike in power draw
does not count as recovery; §5 discusses this interpretation in detail.

On the other hand, if the grid voltage goes beyond the envelope,
the assumptions are violated and the data center does not need to
perform LVRT.

3.3 Synthesizing LVRT Controllers

Given an LVRT specification, our goal is to determine whether
a data center can satisfy it. We address this task using controller
synthesis. The data center exposes two signals, the internal bus
voltage v; and the aggregate active power p. Neither can be con-
trolled directly, as they are derived from the active and reactive
power (P and Q) that the BESS/UPS devices inject. We express the
two converter control actions together as u := (P, Q), which is the
control input for the data center.

To characterize how the control input u affects the LVRT ca-
pability of data centers, we require a plant model of the data cen-
ter’s internal electrical network. We adopt the LinDistFlow model
(§2), under which the internal bus voltage v; is an affine function
of the grid-side voltage and the converter injections u := (P, Q).
The active power P contributes directly to the aggregate active
power p in the LVRT specification, while both P and reactive power
Q affect internal voltage. These two actions are coupled by the



converter apparent-power rating S, which imposes the constraint
P? + Q% < $2. Thus, the reactive power used to support voltage
reduces the remaining active-power headroom available to satisfy
the active-power floor, and a converter with insufficient capacity
may be unable to satisfy both requirements simultaneously. We
denote these rating limits as the feasible control set K.

The controller synthesis procedure searches for control actions
whose resulting v; and p satisfy the specification discussed in §3.2,
or certifies that none exists. A grid code like ERCOT’s expresses the
grid-voltage assumption as a set of bands, with each voltage band
paired with a maximum ride-through duration. The assume block
admits infinitely many disturbance traces, one for every sag shape
inside the envelope, and the controller must satisfy the guarantees
under all of them. Therefore, we synthesize against the single worst-
case trace v; that lower-bounds them all, holding each band at its
lowest voltage for its full duration and ordering the bands from
deepest to shallowest,

vy(t) = min{o:dur(v) 21}, 7)
where dur(v) is the maximum ride-through duration the specifica-
tion’s assume block assigns to a sag of depth v. The result is the
longest and deepest sag the assumption admits, the binding case
for the connection clause; it is the lower boundary of the ERCOT
region in Figure 1. When a code instead specifies a voltage—time
curve, as Energinet does (the dashed curve in Figure 1), we use that
curve directly as vy [15].

The synthesis problem takes two disturbance signals, inputs
the controller observes but does not choose: the grid voltage, for
which we use the worst-case trace v_;, and the workload’s active
power draw Weomp, the compute demand the facility must serve. We
write the two disturbances together as w = (U;, Weomp)- With the
disturbances and the plant model in place, we instantiate the clauses
in the specification. The voltage trace sets the fault and recovery
times t7 and ¢, turning each time window into a numeric interval.
The workload trace sets the pre-fault draw ppe = p(Zf), turning
the active power floor y and recovery target into numeric bounds.
The plant model replaces the output signals v; and p with their
expressions in the control u and the disturbance w. Substituting all
three into the clauses of (3) completes the instantiation, producing
the concrete STL formula ¢ over the control variables. Algorithm 1
in Appendix A lists the full procedure.

With the clauses ¢, the plant model mapping g, the feasible set
K, and the disturbance w all concrete, we instantiate the synthesis
problem (2) of §2, with output y := (v;, p) and cost J(u) = |lu]l,
selecting the least-effort compliant control 4* composed of per-
step P and Q. We solve the instantiated problem with our Python
reimplementation of BluSTL (§2). A feasible query yields an MPC
controller that satisfies the instantiated guarantees for the specified
voltage trace, workload trace, plant model, and hardware limits.
An infeasible query means that no such controller exists for that
synthesis instance, which we consider next.

3.4 Diagnosis and Provisioning

The control synthesis query in §3.3 yields a binary result about the
feasibility of synthesizing a control law that satisfies the grid code.
In cases where such a controller does not exist, we further develop
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Figure 4: The conflict frontier. The frontier (blue) is the
largest active power floor the data center can sustain while
staying connected at each sag depth. The grid requirement
U = Vg ppre (red) is the floor the code demands. Left of their
crossing, the conflict edge, the requirement is feasible; right
of it the requirement exceeds the capability (solid red) and
no controller exists. Provisioning (dashed) raises the frontier
until the requirement lies inside the feasible region.

methods to diagnose the clauses of the grid code that cannot be met
and compute the changes that could restore feasibility. We obtain
both from the same synthesis query by treating the voltage sag
depth and active-power floor as parameters of the specification and
computing, for each sag depth, the largest floor at which the query
stays feasible.

We call the resulting boundary the conflict frontier, a new ab-
straction that we use for diagnosis, as shown in Figure 4. This is the
maximum active power the data center can guarantee to draw from
the grid while staying connected as a function of sag depth. This
abstraction allows us to diagnose which grid code clauses cannot
be jointly met. Afterward, we modify the data center’s parameters
until the requirement lies fully inside the feasible region under the
frontier.

The conflict frontier. The frontier slopes downward because the
connection clause and the active power floor clause draw on the
same resource. To maintain the connection clause during a deeper
voltage sag, the UPS’s grid-facing converter needs to reserve a larger
portion of its apparent-power rating for reactive-power support Q
to maintain the data center internal voltage v;. Under the converter
rating constraint P2 + Q? < S?, this increased reactive-power pro-
vision reduces the remaining capacity available for active-power P.
Consequently, the largest floor the converter can sustain decreases
as the sag depth increases. The requirement y = vy - ppre also de-
creases with depth, so the most challenging sag is not necessarily
the deepest one; the binding depth is wherever the requirement
exceeds the frontier the most.

Computing the frontier. The active power floor for each voltage
sag depth is monotone: a lower floor is always easier to sustain
since it requires lower P and frees the converter headroom for Q.
Leveraging monotonicity, we locate the largest sustainable active
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power floor for each voltage sag depth using binary search. Sweep-
ing the voltage sag depth traces the frontier, the largest sustainable
floor at each depth. The grid code’s requirement is the second curve
over the same axes, where the code demands the active power floor
[ =0y " Ppre at each depth. When the requirement exceeds the fron-
tier, no controller exists, and the crossing marks the conflict edge,
the deepest sag the data center can both ride through and hold the
required floor. We compute the frontier with inspiration from two
established directions of work. Parametric STL treats values inside
a temporal-logic spec as parameters [4], often used in specification
mining to derive the tightest spec a fixed model satisfies [19, 24];
we likewise treat the active-power floor and the voltage sag depth
as parameters of the STL spec, but the inner oracle at each param-
eter value is whether a controller (2) exists, instead of whether a
fixed model satisfies the formula. Multiparametric programming
characterizes how the solution of an optimization varies with its
parameters [8], used in explicit model predictive control to precom-
pute the control law as a function of state; we likewise sweep these
parameters, but keep only the boundary of the feasible region as
the conflict frontier, instead of the control law across it.

Diagnosis. To attribute an infeasibility to specific clauses, we
recompute (2) over subsets of the guarantee clauses and isolate the
minimal infeasible subset, which is the set of clauses for which
no controller exists but dropping any single clause makes the rest
feasible. This is the Irreducible Infeasible Subsystem (IIS) of the
program [11]. IIS extraction usually explains an infeasible program
to the author; in our case, we leverage IIS to identify the set of
grid code clauses in conflict, turning the infeasibility reported by
the solver into a diagnosis. With three clauses, as in the ERCOT
example, every subset can be tested with ease. If a grid code presents
more guarantee clauses, we can rely on the MILP solver to extract
an irreducible infeasible subset on its own [18]. A clause that is
infeasible on its own cannot be satisfied with any controller. Clauses
that are feasible individually but infeasible together are in conflict,
such as the connection and active power floor clauses competing
for the apparent power rating S.

Provisioning. Provisioning closes the gap between the require-
ment and the frontier by raising the frontier or lowering the require-
ment through three knobs. 1) The UPS/BESS power-conversion-
system (PCS) apparent-power rating S raises the frontier directly: a
larger apparent power rating allows more P and Q simultaneously,
with more reactive power headroom to maintain internal voltage
and more active power to maintain the active power floor. 2) As
part of the plant model, increasing the interconnection reactance
of lines and transformers raises the converter’s voltage authority:
a larger reactance gives more internal-voltage change per unit of
reactive power injection, so lower Q holds the internal voltage at a
given sag depth and more of the rating S is left for P. 3) Adjusting
the workload power profile acts on the requirement: lowering the
pre-fault draw ppr lowers the active power floor requirement dur-
ing the fault, lowering the grid code requirement curve against the
conflict frontier. Each of the three knobs is monotone, allowing us
to apply binary search to derive the value at which the query first
becomes feasible, i.e., the smallest change that restores compliance.

4 Results

The evaluation answers three key questions: (a) on a live grid, does
the synthesized controller comply with the grid code where alter-
native control schemes fail (§4.1); (b) when the synthesis query is
infeasible, can SOLVRT diagnose which clauses conflict or whether
any individual clause is unsatisfiable (§4.2); and (c) what is the
smallest hardware or workload change that restores compliance

(§4.3)?

Setup. We evaluate on a data center instantiated from the Vulcan
facility data [38]: eight compute nodes, each modeled as a 20 MW
load supplied through an upstream UPS with a 25 MVA grid-facing
converter; two 20 MVA battery (BESS) units sit at the facility’s
distribution bus; and a 40 MW cooling plant brings the rated facility
draw to 200 MW. The compute draw follows the measured power of
a synchronous Al training job [12], normalized to peak and scaled
to the facility’s compute capacity.

Live grid simulator. The controller of §3.3 is synthesized against
the worst-case trace of the grid code envelope; §4.1 runs it closed-
loop on a grid simulator, which changes its input in two ways. First,
the measured voltage is one realized transient inside the assumed
envelope, produced by the grid model, not the worst-case bound
of (7). Second, the loop is closed: the data center’s own P and Q enter
the grid’s power-flow solution and change the grid voltage the data
center measures next. We connect the data center to ANDES [13]
on the 140-bus NPCC system on bus 128. The disturbance is a
three-phase fault near the interconnection, applied at t=1s and
held for its band’s ride-through duration before clearing (2 s for
a sag in [0.8,0.9), 0.5 s for sags in [0.5,0.8)). The closer the fault,
the deeper the interconnection voltage sags; we vary the fault
impedance on the transmission grid to simulate faults at different
electrical distances, producing voltages of different depths inside
the envelope the code assumes. Every 0.02 s the controller reads
the interconnection voltage, re-solves with the measurement held
constant over its horizon, converts the first action to aggregate
P and Q, and writes them to the load; ANDES takes the P and Q
and advances, and the next interconnection voltage measurement
closes the loop. In every run, the facility’s undervoltage protection
disconnects the data center if the internal voltage v; remains below
Ouip = 0.9 for 0.02 s, and a disconnected facility draws zero power.

Experiment design. The subsections map to the three questions
and isolate one variable at a time. To answer (a), §4.1 varies the con-
troller on a provisioned variant of the facility with converters rated
at S=40 MVA per node, large enough that a compliant controller
exists at every voltage sag depth the grid code covers: no controller
and a penalty-based controller from prior work [42] serve as base-
lines against the controller synthesized from (2), each run with the
live grid simulator on the same faults. To answer (b) and (c), §4.2
and §4.3 hold the synthesized controller fixed and return to the
as-built 25 MVA rating, where the synthesis query is infeasible and
the diagnosis and provisioning of §3.4 take over.

4.1 Ride-through Effectiveness on a Live Grid

No controller (Figure 5). With the UPS and BESS taking no control
action to inject active or reactive power, the internal voltage fol-
lows the grid voltage. The fault sags vy to 0.71 and v; follows; after
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Figure 5: No-controller baseline. The fault at =1 trips the
data center; both the internal voltage and the active power
draw drop to zero, violating all three clauses.
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Figure 6: Penalty-based controller under three penalty
weights on the same fault. The grid voltage v, differs across
runs because the loop is closed. Controller with high cost
trips data center at the fault onset; one with moderate cost
holds v; near 0.90 and trips mid-fault at t=1.34 s; one with low
cost rides through.

the 0.02 s pickup the protection disconnects the facility. All three
clauses fail together: v; drops below vy, and the data center dis-
connects (connection); as a result, the 160 MW draw drops to zero,
below the ~110 MW floor (floor), and it never returns to 0.9 pyre
within the 2 s deadline (recovery). The grid recovers after the fault
is cleared and v, settles above its pre-fault value: the disconnection
becomes a disturbance. At one facility the post-fault voltage over-
shoot is modest, but it becomes a systemic event when a cluster of
facilities trips at the same time, as observed in the Virginia incident
in 2024 [31], the behavior the code is written to prevent.

Penalty controller (Figure 6). Penalty-based voltage control is
the standard alternative, which can hold the internal voltage to
avoid tripping, but compliance depends on a hand-tuned weight
and carries no guarantee. We implement a data-center voltage
controller from prior work [42]: at each step, the control law chooses
the converter’s P and Q injections that pull the internal voltage
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Figure 7: Synthesized controller on three sag depths. Thin
dotted curves in the top panel are each run’s grid voltage
vy; the shallow sag is held for its band’s 2s duration and the
mid and low sags for 0.5s, all inside the ERCOT envelope.
In every run the controller holds v; just above vy, while the
draw p tracks the workload above its floor 4.

toward nominal, with a weight ¢ penalizing deviation from normal
operation. It’s expressed as min,, ||o; — 1]|2 + ¢ ||t — Unom||? over the
same feasible set K, where o is normal operation: the converters
simply import compute draw and provide no reactive support. This
is the objective of the controller that Xie et al. used [42], written
in our notation and with their per-device effort weights collapsed
to the single scalar ¢ and their box bounds replaced by K, so the
penalty controller commands the same hardware as the synthesized
one. In such a penalty-based controller, no grid code clause of ¢
appears in the objective. We run three weights on the same fault
as the no-controller run. At c¢=5 (high control cost) the controller
is reluctant to act, with v; reaching only 0.79 and the data center
tripping at the fault onset. At ¢=0.001 (low control cost) it holds
v; ~ 1 and the active power draw stays above the floor as a result,
which is grid code compliant. At ¢=0.8 (medium control cost), the
controller holds v; ~ 0.90 with almost no margin through the
first 0.3 s of the fault, then v; slips under the threshold and the
data center trips at t=1.34s; the active power draw drops to zero,
and the floor and recovery clauses fail with it. Compliance thus
depends entirely on the hand-picked weight, and the formulation
gives no prior indication of the compliant range: a weight that
survives the fault onset can fail partway through, and the floor
and recovery are met only incidentally. In our case, the synthesis
query (2) decides compliance offline before the fault instead of
during it: it either returns a compliant controller by construction,
or reports infeasibility at design time with no compliant controller.

Synthesized controller (Figure 7). The controller synthesized from (2)
rides through three voltage sag depths inside the assumed voltage
envelope and complies with the grid code. During each fault, the
controller holds v; slightly above vy (a 0.005 pu robustness mar-
gin), injecting more reactive power the deeper the sag: roughly 70,
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Figure 8: Conflict frontier of the as-built facility, swept at 81
depths (0.005 pu apart). The frontier is capped at 100% of pyre,
since a floor above the pre-fault draw is meaningless. The
orange marker at v, = 0.63 is the depth examined in Figure 9,
with its clause-subset diagnosis in the box.

170, and 300 MVAr at depths 0.83, 0.70, and 0.54. The converter ac-
tive power simply tracks the compute demand and meets the floor
with no curtailment, because at this rating the reactive support
and the full compute load fit inside the apparent-power headroom
together, so compliance with active power floor as well as recovery
costs no active power control action. The guarantee is conditional
on exactly this headroom, where the facility’s 40 MVA converters
sit above the minimum that §4.3 derives; on the as-built 25 MVA
rating, the P and Q no longer fit together and the query returns
infeasible and no controller exists. The next subsections turn that
infeasibility into a diagnosis and a provisioning decision.

4.2 Infeasibility Diagnosis

This subsection and the next fix the controller and return to the
baseline data center with the as-built 25 MVA rating in the Vulcan
system [38]. The question is design-time feasibility, so no grid
simulator is involved. The synthesis query of §3.3 takes three inputs.
The specification is the ERCOT code of §3.2. The plant model is the
Vulcan facility at its as-built rating, modeled with LinDistFlow. The
grid-voltage disturbance is the worst-case envelope of (7), restricted
to the depths where the active power floor applies (v5 > 0.5); below
0.5 the code releases the active power floor and permits momentary
cessation, the facility briefly stopping its grid power draw and
restoring it once the voltage returns, so no converter action is
required during the fault. The workload disturbance is the measured
trace with the grid fault aligned to the trace peak. A fault can land
anywhere on the trace, and pj., the active power draw at the fault
instant, sets the floor g = v, pyre, so this alignment is the worst
case, ppre = 200 MW. The synthesis query returns infeasible for
this combination of grid code spec, plant model, and disturbance,
meaning no controller satisfies ¢.

The conflict frontier (Figure 8). The synthesis against the as-built
facility fails in two ways, requiring different fixes. At moderate volt-
age sag depths, the connection and the active power floor clauses
conflict: each clause is satisfiable alone, but their conjunction is
not (the minimal infeasible subset of §3.4). At deeper voltage sags,
connection is infeasible alone. Recovery is never among the fail-
ing clauses. We locate the two modes with the conflict frontier of
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Figure 9: The conflict at v; = 0.63. Only the connection clause
is enforced for demonstration; with best effort on the active
power clause, the converter headroom is not enough for ac-
tive power to satisfy the floor clause, causing a violation.

§3.4, finding at each depth between 0.90pu and 0.50pu the largest
floor the data center can sustain while staying connected, and re-
solving the query over clause subsets at each depth. The required
floor crosses the frontier at vy ~ 0.65pu, the conflict edge. Between
0.65pu and 0.62pu the data center can either stay connected or
maintain the active power floor, but not both. Below 0.62pu, hold-
ing internal voltage to stay connected alone is infeasible, at what
we call the connection wall. At the wall the frontier ends at 40 MW
(20% of ppre) rather than zero, where the converters are fully spent
on reactive support, and the residual is the cooling draw, which is
served without a converter and sits outside the control knobs we
model. Inside the conflict region, raising the capability or lowering
the requirement both restore feasibility; below the wall, only raising
the capability can help.

The conflict on the time axis (Figure 9). Figure 9 shows what the
conflict means in the time domain: even the largest active power
draw the facility can sustain while staying connected falls short
of the floor the spec requires. An infeasible query returns no con-
troller, so there is no control action trajectory to see the violation.
We therefore plot a relaxation instead, by keeping enforcement
on the connection clause and making the best effort toward the
active power floor clause. Staying connected takes 234 MVAr of
reactive power Q, which nearly fills the converter headroom S, and
the remaining active power P supports an active power draw of
only 92 MW, 34 MW below the 126 MW floor requirement. In other
words, the connection clause is only satisfiable by giving up the
active power floor clause inside the conflict region.

4.3 Provisioning

For a provisioning team, this subsection answers the question of
which hardware to specify so that the facility is capable of comply-
ing with the LVRT grid code. Each knob is monotone, so a binary
search on the synthesis query returns the smallest value at which it
turns feasible, a design requirement derived directly from the grid
code and available before the facility is built or upgraded.
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Figure 10: Provisioning. (a) Hardware: each knob is plotted
at the minimal value that restores compliance, the converter
rating S raised from 25 to 38 MVA or the interconnection
reactance scaled by 1.49; either lifts the frontier above the
requirement at every depth down to v, = 0.50. (b) Workload: at
the minimal cap of 32% of rated draw, the capped requirement
(dashed) falls below the frontier at every depth where the
facility can connect, removing the conflict, while compliance
is still bounded by the connection wall.

Provisioning, hardware (Figure 10a). Provisioning closes the gap
between the requirement and the capability. §3.4 exposes two hard-
ware knobs and they help raise the frontier: the UPS converter
rating S and the interconnection reactance. A larger S widens the
eight per-node apparent power rating headroom with more Q for
connection and more P for the floor at the same time. A larger
reactance moves more internal voltage per unit of Q, so less of each
headroom holds v; and more remains for P. Both are monotone
and bisection returns the minimal change, S from 25 to 38 MVA
per node (+50%) or reactance scaled by 1.49 in the model. Both
hardware knobs lift the frontier above the requirement at every
depth down to vy = 0.50, the bottom of the active power floor band.
Both knobs also push the connection wall below 0.50. The BESS
apparent power rating is a separate yet weaker knob, so we don’t
demonstrate in Figure 10. Because BESS reactive power reaches the
internal buses only through the facility trunk, its reactive power
injection barely helps maintain internal voltage to avoid tripping.

Provisioning, workload (Figure 10b). The workload enters this
analysis only through the pre-fault draw. During a fault the UPS
battery carries the compute, which costs little energy over events
of a few seconds, and the grid-side draw becomes a control that the
synthesis sets freely, up to the converter rating. What the workload
does during the fault therefore never appears in the fault-time con-
straints, but only as ppr, the active power draw at the fault instant,
which sets the requirement y = v ppre. The software knob caps the
pre-fault workload. The cap lowers pp,e and the requirement with it
and leaves the frontier where it is. In our model, capping the draw
at 32% of rated (ppre = 64 MW) brings the requirement below the
capability at every depth the data center can connect, with no hard-
ware change, removing the {@conn, @1} conflict entirely. However,
the connection wall does not move with software changes alone,
as it stays constrained by the maximum reactive power the UPS
hardware can inject; no software capping connects the data center
below 0.62 and compliance down to 0.50 stays infeasible.

The contrast summarizes the provisioning section. Hardware
raises data center capability by moving both the frontier and the

10

Wang et al.

connection wall to reach full grid code compliance. A workload cap
only lowers the grid code floor requirement and is still bounded
by the hardware constraints. Even a facility capped to a third of its
rated power draw clears only the conflict band. Hardware provi-
sioning is the more fundamental fix, while workload capping alone
is only a stop-gap for sags above the connection wall.

5 Discussion

Grid code ambiguity. Formalizing ERCOT’s grid code exposed
two underspecified terms. First, the code scales its active power
floor and recovery requirements to the facility’s “pre-disturbance
level” but does not define how that value is read. Over a fluctuating
Al workload, different methods of deriving the “pre-disturbance
level” could give drastically different values. We take the instanta-
neous active power draw (§3.1) for this work, instead of taking an
average over some window. Second, the recovery clause requires
the facility to “return to 90% of its pre-disturbance level within
two seconds,” but presumably, a facility that touches the level at
the deadline and drops off immediately still violates the code. We
add the hold window Ty of (6) so that recovery means genuine
restored consumption rather than a momentary spike. These nu-
ances emerged only when translating the natural-language grid
code into a formal specification. This highlights the value of a for-
mal approach, as it forces ambiguous requirements to surface and
be made explicit before they are enforced.

Modeling state-of-charge. We do not model energy storage state
of charge. Batteries in UPS and BESS may charge or discharge
during ride-through. On the discharging side, riding-through a
voltage event spends a small fraction of the stored energy, since a
VRT event lasts only a few seconds, while the UPS’s storage capacity
is provisioned to carry the full compute load for tens of seconds and
the BESS for minutes. On the charging side, it requires batteries not
held at full charge, and the headroom needed is likewise a small
fraction of their provisioned capacity. Thus, we do not model the
state-of-charge (SoC), and assume the UPS and BESS have both
enough stored energy for discharging and enough headroom for
charging during a VRT event.

Beyond one code and one facility. Similar to LVRT grid codes,
other grid codes regulate data center behavior for other types of
grid disturbances (e.g., frequency ride-through). ERCOT writes fre-
quency ride-through in the same document as voltage ride-through
with the same structure: an assumption envelope on grid frequency,
a power draw requirement dependent on the pre-disturbance level,
and a power draw recovery clause. SOLVRT has the potential to
solve frequency ride-through with minimal changes: our specifica-
tion language can express these clauses with the same shape, just
with frequency declared as the disturbance signal instead; however,
the plant model and control knobs differ, and we leave the adapta-
tion to future work. On the data center side, while SOLVRT certifies
individual data centers’ compliance with the LVRT grid code, the
aggregated behavior of clustered data centers and their impact on
the grid remains an open grid-side question.
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6 Conclusion

Data centers have grown into loads large enough that their protec-
tive disconnection threatens the grid during voltage disturbances,
and emerging VRT grid codes now require them to ride through
such voltage events. This paper solves data center compliance with
VRT grid codes using a controller synthesis approach. SOLVRT ex-
presses a grid code as an assume-guarantee specification in Signal
Temporal Logic, synthesizes a controller that complies by construc-
tion whenever one exists, and turns infeasibility into a conflict
frontier, a diagnosis of the conflicting clauses, and a provisioning
recommendation for the smallest hardware or workload change that
restores compliance. On a model of a 200 MW facility in a closed
loop with a transmission grid simulator, the synthesized controller
rides through faults that trip the uncontrolled facility, and the diag-
nosis traces the as-built rating’s infeasibility to converter capacity,
for which a hardware upgrade restores feasibility. As grid operators
write ride-through rules for large loads and data center operators
adapt to comply, SOLVRT gives both sides a machine-checkable
interface between grid requirements and data center capabilities.
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A The Encoding Procedure

Algorithm 1 lists the full encoding procedure of §3.3. It constructs
the worst-case trace from the specification’s assume block, resolves
the event times, instantiates the declared variables and the guaran-
tee clauses, binds the plant outputs, and calls the synthesis query (2).

Algorithm 1 Encoding a specification to a synthesis query.

1: function ENcopE(spec, plant, workload Weomp)
2 if spec.assume declares envelope { (v, dx)}7_, then
3 vy (t) « min{og : dg >t} > Eq. (7)
4: else
5: u; « spec.assume > already a piecewise lower bound
6 tp < min{t:o5(¢) <0.9}
7 tr - min{ t >ty :05(t) 209} > event times from o,
8 w e (v, Weomp) > disturbance inputs
9 (03, p) < plant(u, w) > the plant model mapping y = g(u, w)
10: vals « 0
11: for all binding b € spec.var do > instantiate binding
12: vals « vals U { b[ tr, t;, w]} > e.8 Ppre = Weomp (tf)
13: @—0
14: for all clause ¢ € spec.guarantee do > instantiate clause
15: ¢ —oU{c[tr tr,vals]}

16: K {u:P*+Q% <5}
17: return SYNTHESIZE((0;, p), @, K, W)

> apparent-power cap, S from plant
> solve (2)
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