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# Windows PowerShell
$env:SPECFORGE_LLM_PROVIDER="anthropic"
$env:SPECFORGE_LLM_MODEL="claude-haiku-4-5"
$env:ANTHROPIC_API_KEY="your-api-key-here"

APl —|Iplatform.claude.com/docs/en/api/admin/api_keys/retrieve i SEIE TE £ 95

Ollama
F9. docs.ollama.com/quickstarth*50llama%z 1 > X b—JLLTEITLE T,
RIS, REEHERELET

# Linux / mac0S

export SPECFORGE_LLM_PROVIDER=ollama

export SPECFORGE_LLM_MODEL=your-model-name # ] :Tllama3.2. mistral
export OLLAMA_API_BASE=http://127.0.0.1:11434

# Windows PowerShell

$env:SPECFORGE_LLM_PROVIDER="ollama"
$env:SPECFORGE_LLM_MODEL="your-model-name" # | :1lama3.2. mistral
$env:OLLAMA_API_BASE="http://127.0.0.1:11434"

Ollamatr—/N\—HBDT S Y TRITINTWVWBIFE(E. OLLAMA_API_BASE ZZE L TL T L,

TIXILEETI

SPECFORGE_LLM_MODEL Z# % H/E LR LIES ©

e OpenAl : 77 #/JL kiE gpt-5-nano-2025-08-07

e Gemini: 77 #JL kIX gemini-2.5-flash

Anthropic : 77 #JL b I& claude-haiku-4-5

e Ollama : ETIEZBETIHENHDET (F74IL ML)

LLMERER LDIGE

BHIRLLM ZONA 2 —RED R VBEE. LLMAR—X DSpecForget&BEISFIBTE £ Ao, SpecForge
DFED OEHIFBEEEDIMELIITE T,


https://ai.google.dev/gemini-api/docs/api-key
https://platform.claude.com/docs/en/api/admin/api_keys/retrieve
https://docs.ollama.com/quickstart
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o Lo Z7TIDI YR YIRNALSA b BIRE. AS#5T
o IROFTRABEHEAREDF T VYD
e Python/— 7w I TODEZR) VIHEROARILDOHR—

12X F=)

SpecForge VSCodelhiRIEEEIZ2 DD AETA VY A =L TE£T !

VSCode Marketplaceh* 5

YLEREMEBEZ Visual Studio Marketplaceh 5 B > X b—JLF S h VSCode DILFRIERESR 7
(Ctrl+Shift+X F7zid Cmd+Shift+X) T SpecForgel ##®EL £75

VSIXZ 71 ILH5
Flld VSIXT 7 AL (U —RICEENTVWEY) HBA VI b—ILTEETY !

o VSCodeD¥LsRMEER 7 ZFE (Ctrl+Shift+X F7zld Cmd+Shift+X). HED3DDO Ry k&I
w4 LT, Install from VSIX... Z@RLZT

e VSCoded VWY R/XLw h%FIE (Ctrl+Shift+P F7zI% Cmd+Shift+P). Extensions:
Install from VSIX... EASAILT. .vsix 77N EFRLET

BE . {LEEEED/N—2 3 U bSpecForgett —N\N—DN—J 3 e —BLTWB Z e #RERLTL
EEV, N=2 a3 OFR—HIEREOBEZS | SECITaREMIH D £,

fERBELEE

IRAREEBED'BIET B 1CI&. SpecForgetr —N\—ICT7 IR TEZHRELRH D £9, FHAEIT2OHD
ERR

1. Y%= FHY—/N— (specforge.spawnServer ) : CDFREZBMNICT B L. ILERHEEED
SpecForgett—N\—70Ot X% BEIMICIEE) - EIBL £ 9, specforge /N1 FUH PATH ICR WS
&1d specforge.serverPath ZEREL. "— b %ZI8ET S5 S (d specforge.preferredPort ZF%
ELET,

2. 948 —/NN— (57 #JLK) : SpecForgetr—N\—%BHTEEEL (SpecForgedtzy b7 v 7F%
BH8). specforge.apiBaseUrl FRE CILEMKENSBIRTEEZLSICLET (T4
http://localhost:8080 )o

HEERIERED M R b—IL T, H—N—BRITETNTVBKRET. .lilo 77 MLELVEET S
Python/ — 7w O TEBMICEIET 3L SICARDEY,

VSCode T —2U AR—R &, FEDIoTOT TV hEEC T« LI MJICTIHRELRDHD £9, HHRIERE
g 7= ZAR—=ZADIL— M ZH B specforge.toml 7 7T ILEFRLTFOS T FOFEMZHIETL
£9, 7O 10 FMEEDRHICDWTIL. Python SDKtzw 7w 7THA REBIELTLETL,

FIBTRER IR TORTE (LLMEES. H—N—Fa—=>F. FL—2KY) OELHBUITFLVRICD
WTld. VSCodelhsRIEREH 1 RDREZ V> a v EBB LTSI,


https://marketplace.visualstudio.com/items?itemName=imiron.specforge
https://imiron.io/specforge/releases/

Python SDKDOtwy k7 v/

Python SDKI&. /— k7w & &L Python 704 5 LN 5SpecForgey —IL & FOY 5 LI KEE
I BHICFERTEBPythonZ 1731 TY,

Python SDKI&. specforge_sdk-x.x.x-py3-none-any.whl & WS &aIDOWheel 7 71 ILE LTINY T
—JfEEhTVET,

SDKD#4EE L REH DRIEIC DLV TIF. SpecForge Python SDKAH A REBEBLTL 20,

BTN I =D X)L —

Python SDKI&. pip ZEALTERE”A VX M—ILT 3D, poetry ¥ uv BEDEIL REREZ N L TK
FERELTERTEEY,

LTFTIE. wEERALTIOLSAEEZEY N7y TT3HEICOVTHBALES, JIOEIL RS X
FTLEFERTZHEED. 7—7 70— IEEKTI,

w EERYRMEDHEIL. O o AT EICHERIC pyproject.toml T 7 AL EEY F TV ST B
Z¥TY, CNICLD, 7OV MENMTHREERZREZEEL. BR300z MEOBEEEEE TS
F9, BENETs LI MUBEIIUTOLSICAEDET

sample_project
— data

firsté0.csv
lasté0.csv
sampled.csv

— lib

[ specforge_sdk-0.5.7-py3-none-any.whl
— scripts
L script.py
.venv
L— (managed by uv)
specforge.toml
explore.ipynb
main.litlo
pyproject.toml
uv.lock

[TTT1

1. EFEVDARL—F VIV RTFLICw EL VA R=ILLET, FEHICOVWTIE, uvr VX b—
WA RZBRBRLTIIEEIL,

2.5LwWyOC o T L MU EER L TREL I, pyproject.toml 771 ILZEEEL £
ED

3. pyproject.toml 7 7 T L CHRIFREABREES L £ 9,

o Python SDKE®Dwheel 7 7 1 JLIZ. O—HIILKEFRERELTESTETEY, wheel 771/l
ADELWNZDREINTVWR ZEERERL T LT,

o 1VRTUT1TEZR—R Y DSpecForgeDiEEEIL. Python Notebook®d—ER & L TIEMA
TEEXY, TOHICIE. jupyterlab HEERERL L TEHZI ez bE#DOLET,

o numpy. pandas. matplotlib REDSA TS VIE. T—RUNIBEBEDT-OHITSERIC
FENET,

o LUFIX pyproject.toml Z 71 IILOHI T :


https://docs.astral.sh/uv/getting-started/installation/
https://docs.astral.sh/uv/getting-started/installation/

[project]
name = "sample-project"
version = "0.1.0"
description = "Sample Project for Testing SpecForge SDK"
authors = [{ name = "Imiron Developers", email = "info@imiron.io" }]
readme = "README.md"
requires-python = ">=3.12"
dependencies = [
"jupyterlab>=4.4.5",
"pandas>=2.3.1",
"matplotlib>=3.10.3",
"numpy>=2.3.2",
"specforge-sdk",

[tool.uv.sources]
specforge_sdk = { path = "lib/specforge_sdk-0.5.12-py3-none-any.whl" }

4. yv sync ZRITLET, ChIZKD. BYIRKERR ELWVLWN—3 > DpythonZEL) HiA
VA R=LENF .venv T LI FUDBMER SN E TS

o ZO .venv IICOTOC Y FEBEDDHDTY, FE/OC Y MIEFNENHBD .venv 7
4 LI M) EBORELRHDET, DFDH. 7O U FTEIZMEAD pyproject.toml 7
FAIHRKRET, 7O bTEIZBRNIC uv sync ZRITLARITFHILED £H A

5. source .venv/bin/activate ZRfTLT. python IC7 Y X TZF 3Shell Hook%x ERA L £ 95,
CNHAELSKEREINTVWEZCIE. UATDESICHEETEET,

$ source .venv/bin/activate
(sample-project) $ which python
/path/to/project/sample-project/.venv/bin/python

6. CNT. YOI/ — TV IO EBETEET, /— TV IH venv IO A —FILICERFRINT
WBZEZRERELTLLETV. CHITEEEFNICEBRINETH. FETHRITTITET, FF
TITS5ICIE. jupyter server #3fTL. VSCode/— T wIE 2 —T7—Dh—FILERETH—
N—URLZIE—&~R—XFLET,



7Oz FERE

LiloOY ¥ biCid. 7O T bL— MZIEET specforge.tonl CWSRET 7IILERBETS
EHTEET,

MHTESHBRIFICOREZAFYILT, UL IFIINETF—27 77O DI
— MCEERET 37213 THEUVLE R A, SpecForgel&BART 7 4L METEIMEL T,

specforge.tonl Z{EMAT 31EE. [project].source ZIEFETIMNELRHD T, TOMDIELT
W3 74 —ILRICIZBEYRT 7 )L MEDSER INE $, Python SDKE VS CodellsRiggElL. DT 7
I EFAHRD. ZNICHLCTEIY YT VX ZBBLET,

WET 7L TOLSBIBAICEATY

o 7OC YU MALEARMNGY —ZXNIADEE

o EEBOMEDNRETAX (A2 Z—NILE—FR, 7U—X)

o PMREORHE (BEM. nEM. REt. KERAOER) LEDOXATLT T L
o IFTARANKRRIBZBHAIA—RLUYIADAREZIAX

o REIERBITDI-DHD system_falsifier TV b U DEER

o HIFBEDBIEDT=H® validation_rules DESH

LFIC. ZF =TT 74 ME. ZDRICEEHFZRLET,

AFX—ICT7 74 M
Fy ZTLRILOF—L. BRENIBEEDT 7 +)L ME:
e project

o name (XF7).
s FTIAI R
» IHAMEERE IBESNIRFICRESNE T, BENRBWVESIF. 7OV I ML—FhTF
1 LI MJDRFENICED £,
o source (/NAXFF). specforge.toml BNEETZHSIINE, V-7 71IWHA7TOPT
IRIL—MIHZ3FEIE . E=FRALET,

e Tlanguage

o interval.mode (XFF). ¥7KR—b: "static".F 7 #JL b: "static"
o freeze.enabled (7' —JLfE). 77 #JL k: true

e diagnostics

o consistency.enabled (7 —JLf#). T 7 #JL b: true
o consistency.timeouts —EBEMEF T v I DSMTYILN—=Z A LT T k:
o named (B, FEVNERE). BLORRHTEIERCDRZALT I M. 774Uk 0.5
v system (B, ZFEVNRE). D RTLLFOEEMF v I (IRTOOEHEE—EFT
W) DRALTIN T74ILE: 5.0
o redundancy.enabled (7—JLf#). 77 #JL b: true
o redundancy.timeout (. ZENVNESE). BL2OBETEAR DRI LTI 7T+
JLbk: 8.5
o guard_analysis.enabled (7'—JL{&). 77 #JL k: true
o guard_analysis.timeout (. ZFENERE). BL4DOH— REEARIEDRA LTI H.
TI7AIbE: 0.5
o optimize.enabled (7 —JL{#). 77 #JL b: true
o unused_defs.enabled (7 —/Lf#). 77 #JL k: true

e code_lenses

o satisfiability.enabled (7'—)L{B). REMAMBEMEFOI—RL YA ERRLET. 77+
JL bk true



o satisfiability.timeouts — RERIAEMHI—RL Y XDSMTYILN—RA LT T b
= named (B, FEVNMNISE). BLOBFINIARIEDEALT IS TTHILE
diagnostics.consistency.timeouts.named % &
v system (. FEIEEK). S RTLEBOEEUF TV IDEALT I TT74I
I: diagnostics.consistency.timeouts.system % f¥i&
o redundancy.enabled (7 —/Lf#). iRMEBFOI—RL > XERRLET. 772/ K
false
o redundancy.timeout (¥ FEVNESE). BROBFNMIHERIEDRIALT IS TT 4
JL b: diagnostics.redundancy.timeout % &

HEREINIZO—RL YD 71 —ILRIE. SIS TIEMRELZBREL T TH.
code_lenses.redundancy.enabled IXFINT. 77 #JL b I& false T,

o [[system_falsifier]] (F—7ILDEF. £ 7> 3)

o BTV kY: name (XFF). system (XFF). script (XF7F)
o FIELABUVLWHAZEDZES. COF—IET771ILHBEBEEIN. ZOUX M LTHRHONET

o [[validation_rulesl] (7—7ILDEF]. 7> 3>)

o BFEL >V k): antecedent (ZITUXFFI). consequent (¥ I')XFF)

o --antecedent/--consequent Z3EEE Il specforge validate ZE{TLIcE FICFEAT
NEY, BAEZBRLTIIEIL,

o BFELAVLHZEDIZE., COF—RFT 71D SEEEN, ZOUI R LTHRDONEY

TIANRT A

[project]
name = ""
source = "src/"

specforge.toml Dl

F—=N—=5aRrRzga87O02xy Ol



[project]

name = "my-specs"

source = "src/"
[language]
freeze.enabled = true
interval.mode = "static"

[diagnostics.consistency]
enabled = true

[diagnostics.consistency.timeouts]
named = 5.0
system = 10.0

[diagnostics.optimize]
enabled = true

[diagnostics.redundancy]
enabled = false
timeout = 0.5

[diagnostics.guard_analysis]
enabled = true
timeout = 0.5

[diagnostics.unused_defs]
enabled = false

[code_lenses.satisfiability]
enabled = true

[code_lenses.redundancy]
enabled = true
timeout = 0.5

[[system_falsifier]]

name = "Psitaliro ClimateControl Falsifier"
system = "climate_control"
script = "falsifiers/falsify_climate_control.py"

[[system_falsifier]]

name = "Psitaliro ALKS falisifier"
system = "lane_keeping"

script = "falsifiers/alks.py"

[[validation_rules]]
antecedent = "label:todo"
consequent = "priority:>50"

[[validation_rules]]
antecedent = "label:blue OR label:green"
consequent = "label:grue"
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SpecForgeld. RD3DDIF1>a>DOWVWTFNHhE LTHELET ©

IFe4>3Y HESNSHE HURR
Community JEREAFIA 7L

Essential B S 1 > Xz BULE W ERR A O 22T L3ME. ERR20f8E T
Enterprise AV RZEDLERMA L

IFovavid. BRINFIAKE L SpecForgeMRE LS 2R T 71 ILICEDVWT, &£
ISRESNET,

o community’KZE T3, BME S 12 IHEET BHBETHCommunity Editione L TEMEL &
ED

o commercial (=) KETIE. BWEH T > IH %R WEEIZEssential Edition. H35HE 1
Enterprise Edition L TEIfEL £

o FIFKENBIRINTVARVES. SpecForgeldT 7 #JL kb TCommunity Edition& L TEIEL .
B SA v X %EBRE L35 E IZEnterprise Edition L TEIEL £ 9%

MAKEXRIISAI VR TP EZEELT%IZ. RITHDSpecForge 7Ot X = BEEIL T /2T
LYo

FIRKEDLE

FAKZE (tier) |&. SpecForgex R THIE T 2HESHDIBETT, EIRT T 3 EILcommunity &
commercial CH D, BMET B LTT > a>hHBAKEL A2 ADRENSRESNET,

FAKEFIROVWITNDDEETRETTEY !

o CLI (%)
e VSCode®VWYR/NNL vk
o SpecForge® ' O—/NILEREZ 71 L

CLI
ROWTNHZRTLET :

specforge set-tier community
specforge set-tier commercial

VS Code

Y RXLw b%ZBIWLWTSpecForge: Set License Tierx321TL. Community Edition £ 7= &
Commercial Edition% #R L £ 95

IEREEEB B —N—%E BB L TWLW3I5E (specforge.spawnServer BEMAIBE). SpecForgeld
BENICHEEIL X7, TNUNADEFEGIF. EEZRMEIEZ7HIC H—N—ZBEHHL T LI,

LloZ7 7 1 ILZRWTWBE. XT—2IAN—ICREDI T3 VHBRTFENET, 7w I3 LH
FAKEZEBETELT,



JO-NILEBEIT 7T

CLIE LTVS Code® AV > Rk, SpecForge® I O—NIILREEZFTHLE T, XD 7 71 L2 EERE
TBRI_EHTEET,

T3y k72—

JO—NILERE
L
Linux & ¥ $XDG_CONFIG_HOME/specforge/config.toml . BEE Tl
macOS ~/.config/specforge/config.toml
Windows %APPDATA%\specforge\config.toml

ZNFFOT U LD specforge.toml TEHD FHA. by FLARILD tier 74 —ILRIZRDOWVWT N
hZzHRELEXT,

tier = "community"
tier = "commercial"
ZI1ERXT 711

KEDBFADSA YA T 7 IV EFERAT 3IC1F. IRIEZEN SPECFORGE_LICENSE_FILE (CZFD/NA %R
ELET, RELBWIES. SpecForgeldXDGAZIBICHEEE L. RMVICRODN 2B EH 12V R
#EALET

1. 70-NUERET1 LY EJAD x-license.json
2. ALY T LY FURAD *-license. json
3.O—NIFRET 1 LY FJAD license. json
4. ALY bFo LY FURD license. json

St Ui BR. BRHAR. KWRE. N—2a v BEREOIRTORIEICHI LIGEICEM E R
DET, BWEEHCHRY T —JHERISBESLD Tt Ao
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ZotoTavid. REOHI%EL TSpecForgeDFREAEZ RR BN L £ 9, LiloSsEBTHEEEL
FiEE. SpecForgeVSCodellhiRigkaez fEA L TR T 2 5 EZ D £ 75

LiloS:E : 1 E

Lilold. N7 Uy RS ZAFLAFICE INEEARN—XOBEAKRESE T, EHREIIXOEHEDT
R

HZAR . Bool. Int. Float. HKLU String

BETF  ZENLEHEEF (+. - x. /) LBSEETF (==. <. >hHY). BLURBEEF
(&&+ I+ =>)

FEEETF | LiloD4FR 2 %AEIZ. EELFEREEREFOEY FTY !

e always §p : p BIRTORKRDELTETH S

o eventually v @ 9 BHIKRKOBFLNTETHD

e past v ! P ABHBZIBEORKITETH oI

e historically ¢ : p BITRTOBEDEL TETH >

NS DEEFIZREERTEIHTI A TEET, FIXIE. eventually[0, 10] v ld. y HV1O0EFHE
BAMAICEICRZ L ZEKRLET, TOMDBEBREFIECE5Z2 BT,

S RTF L LiloftRIZS AT LICEREN. UATZJIN—TLET !

e signal : BfRIZE19T R ASME (ffl : signal temperature: Float)

e param : BEZEILAVWIERRE/NZ X —4 (#: param max_temp: Float)
o type ! BEMT—FDIHDHRZLE

o def : BFIAABEGER CNIL/N—FEHK

o spec ! Y ATFLDBIINETEHS

S RFIT 74 )L system temperature_control DL SHBUATLBEETHRED. EOVIATLDT
RTDEENEEFNET,

SHEOSENBA A FICDOVWTIE, LloSEBOEZERLTIEEL,

176

BESIES RTLZETME LTEALET, Cod>FILrOdz s bE. V) —XTAFTEET,
COYRTLIFBEECEEDE O H—%2EH L. ENRE2LHEERNICRIND Z EEFRIT 3 &%F
STWEY


https://imiron.io/specforge/releases/

system temperature_sensor

// Temperature Monitoring specifications
// This spec defines safety requirements for a temperature sensor system

import util use { in_bounds }

signal temperature: Float
signal humidity: Float

param min_temperature: Float
param max_temperature: Float

#[disable(redundancy)]
spec temperature_in_bounds = in_bounds(temperature, min_temperature, max_temperature)

spec always_in_bounds = always temperature_in_bounds

// Humidity should be reasonable when temperature is in normal range
spec humidity_correlation = always (

(temperature >= 15.0 && temperature <= 35.0) =>

(humidity >= 20.0 && humidity <= 80.0)
)

// Emergency condition - temperature exceeds critical thresholds
spec emergency_condition = temperature < 5.0 || temperature > 45.0

// Recovery specification - after emergency, system should stabilize
spec recovery_spec = always (

emergency_condition =>

eventually[0, 10] (temperature >= 15.0 && temperature <= 35.0)
)

VSCodefiaRi#aEIE. Lilod— R DR, #IGHEFART. BiRE. B, IROREAIRMEL Y R—
FLET:

The signal 'pressure' is not used by any spec

View Problem (\CF8) No quick fixes available
ressure:
humidity: Float

param min_temperature: Float
param max_temperature: Float

#[disable(redundancy)]
® satisfiable
temperature_in_bounds = in_bounds(temperature, min_temperature, max_temperature)

@ satisfiable |
always_in_bounds = always temperature_in_bounds

rsd0) 3

S RFLOERRESR L5, SpecForge VSCodeliaRIEAEIS & £ & AR EREF IR L £ ¢

Monitor : SRR E NS AT LDEENMIRER L TWEHLF v
Exemplify . H#kERZITHIO L - EER

* Falsify : E7I/LICR LT, ERRICER T 2 ROIZRER

Export . ERZMOFX (.json. .lilo KRY) IIEH

+ Animate : T OEIEZ REIZE & L HICHEL

ZNiIVSCodeIH 5 ERERITI 5 Z &H. Python SDKZEER L Tlupyter/ — b T v IRDSRITT
32rHTEEY, TITIEVSCode A TEEREITZRITLE T, VSCodeT 1 R Tld. IRTDHEREIC
DVWTEHICEHELCEHBALTVWET,



EZRYVYT

EZRVIVIE. TR I 71 IIICEREINLEEEOS AT LOEBENMIEE /L TWE D EF Y
JLET, BBEINEML—XT—2%RMHT S L. SpecForgeMZNIIxT L TERRZEFHMEL £ 95

HHREEICEE L. T4 2T LIEWMERRD Analyse RE2 V&I U w o LET,

LILO: SPEC STATUS = temperature_monitoring.lilo 1 @

Specifications Refresh = temperature_monitoring.lilo > ...
# Consistent system

[ util.lilo

D temperature_monitoring.lilo . . .
import util use { in_bounds }

© temperature_in_bounds Analyse

& humidity_correlation An‘?kyse ML I A

signal pressure: Float
“zf monitor-humidity_correlation humidity: Float
emergency_condition Analyse

param min_temperature: Float

recovery_spec Analyse
param max_temperature: Float

always_in_bounds Analyse

#[disable(redundancy)]
# satisfiable
temperature_in_bounds = in_bounds(t¢

# satisfiable |

always_in_bounds = always temperatu

# satisfiable |
humidity correlation = always (

ROYTEIUARZ2a—DE5T7—RT 7 IILZBIRLIE. Run Analysis 227U v o LEd, BERIZ
HAROBTE=R ) > IY)—TT !
£ temperature_monitoring.lilo = Lilo Spec Analysis X

Analyzing spec: humidity_correlation
Monitor ~  ~ Run Analysis = Save Analysis

Data File

sensor_data.csv

» Show advanced options

Spec is at 9.0 because the subformula is in the interval highlighted below
>= 20.0 & humidity <= 80.0)

B temperature >= 15.0 && temperature <= 35.0 => humidity >= 20.0 && humidity <= 80.0

o s s s s 3 e S S S s s |

0.0 3.3 6.7 10.0 13.3

B temperature >= 15.0 & temperature <= 35.0

o true

0.0 3.3 6.7 10.0
B temperature >= 15.0

Zl.ﬂl

3.3 6.7

humidity >= 20.0 & humidity <= 80.0

ARLEOERNERICKRTENE T, ZOTTIE. AHROYTHZEWO TIFT. EROBRTHIRNE
FRRBRICHZIEBHZERTIET, ROV IFIILICA—VILZEbES L. ZOERTORBRDEHA
ZECRY IV vy IHRTEN, YTROBRI I FILOBEET BT A2 FHSERRTEINE T,



BIRIIRETEE T, RIFETBICIE. Save Analysis REVE VU wo L. BREREFET D5FZ 18R
LEJ. 20%. COBFT 71 ILICEE LT, VSCode TEBER Cr T T, BifId. BET3
RO TICHZIABRRT—FAXZ a—ICHRTREINE T

LILO: SPEC STATUS = temperature_monitoring.lilo = Lilo Spec Analysis

Specifications Refresh analyses > = monitor-recovery-2025-11-16.analysis.sf

0 utillilo Analyzing spec: recovery_spec

D temperature_monitoring.lilo Monitor ~  Run Analysis

temperature_in_bounds Analyse Data File

humidity_correlation Analyse
sensor_data.csv

2 monitor-humidity_correlation
emergency_condition Analyse » Show advanced options
recovery_spec Analyse

2 monitor-recovery-2028-11-16

always_in_bounds Analyse

Hlw

Exemplify fE4TIE. HWEIDHEEZRIFAD L —RXEERLET, CHIZUTOLSBIBEICEFT
¥

o BB ATLOBENEDLSBHLDOHEERT S
o UZNBT—ATHOIAVR—XVETRETS
o VIA—=aVEHERT S

£ temperature_monitoring.lilo = Lilo Spec Analysis X

Analyzing spec: humidity_correlation
Exempliy v~ Run Analysis Save Analysis

» Show advanced options

—

8 always (temperature >= 15.0 & temperature <= 35.0 => humidity >= 20.0 & humidity <= 80.0)

_—ree
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0

B temperature >= 15.0 && temperature <= 35.0 => humidity >= 20.0 && humidity <= 80.0

v v

true I I I

0.0 10.0 20.0 30.0

B  temperature >= 15.0 & temperature <= 35.0

[ false
0.0 10.0 20.0

B temperature >= 15.0

B temperature <= 35.0

46.2‘

15.0
0.0 10.0

B humidity >= 20.0 & humidity <= 80.0

—'» true

0.0 10.0 20.0

B humidity >= 20.0

PIRENIcT— D BFES DICEEL R VEE. AR EE-> TV B EREMDLH D BEIKBETT,
Blnid. ERZ BT BBOMBIE LTHERTEET,



RAIERZER

SRATLOETIVHHAETRGISE. REERZEALT. ETIUNPRESED. DEDARICR-TH
ETBHESHEHRETETET,

®R#IC. specforge.toml IR EEIRT Z2MEBELHD £9, f:

[project]
name = "automatic-transmission"
source = "spec"

[[system_falsifier]]

name = "AT Falsifier"
system = "transmission"
script = "transmission.py"

CNHTET I3 L. REEEED Falsify BIXAZ 2 —ICRTENFE T, ROEKRS T FHIDARON 15
By BEZRUVIYVY—HBRETN, EFTIDECTHES D ZEBRTIDICRIEET !

Analyzing spec: AT6a

Falsify v

Falsifier: AT Falsifier ~ = Run Falsification

Falsifying Trace Found

A counterexample was found that violates the specification.

Spec is at 0.8 because the antecedent is and the consequent is

k false
0.0 0.4 0.9

B  always[0.0, 30.0] rpm < 3000.0

B rpm < 3000.0

3000

0.0
0.0

B always[0.0, 4.0] speed < 35.0

' false
0.0 0.4 0.9

B speed < 35.0

2181 2635.7 |

35.0|
[X)

IVRKR=—F

Export I&. EREMOY —IL THEATIHICHOTRICEIRLFT, L ziE. EHEEISONFERIC
IO ZR— T 3513, Export type ¥ LT .json ZFIRL X9,



Analyzing spec: humidity correlation
Export v~ Run Analysis Save Analysis
¥ Show advanced options

Export type Record Encoding

.json Preserve records

Record Encoding (for config)

Preserve records

System Parameters

Input JSON

{4

"contents": [
"Always",

"end": null,
"'sta 3

contents": 0,
"tag": “Lit"

ROZXTvT

C DY TF—Tld. SpecForgeN TEB L DEERZHAN—LELT. UTOETIE. SDFELLIEDT
IFE9:

o TLHLiloSEE (LiloS:E

o PRTLOERCEHR (X TL)
o FOUZLICKBZTUEIDI=HDPython SDK (Python SDK)



LiloE 58
Liloks MM LB 27 LOBIEEIGR, RIE. BHT5L0ICREHSNURHEEETT
Lol &k DU FD T LA THET
. BRI E B RAEERT S0 ORNEBIBRETERHR OO LIRADH WX ERAL
TRERATS £,

e LO-RZEFALTYRATLDT—RZETIVLT B7cHDT—RBEZERTEET
o YATLEMINZHEEER L TAREBEILTERT,



SEOSR

B

LiloldHR—XDEETY, 2Fh. BMABEMHN SEMARKFIEIONT« T IFLALDBEIZER
FEICEHEINAR TS, COEI> 3> TiE LloROEANLBREERICOWVWTEHELCHAL TS

XYk
XY R TOwOlE [+« THRED. «/ TRHDET, ThoDY—H—RBOIRTIIERINET,
fTOAX>ME /) THRED, TORODMNPIAXETHZ e EZRLET,

FFaxX> hXZFINE [/ DRDODIC/// TIHRED. CETELEBBRICRFa XAV FERELED

PR
LiloldBUS E ST, U I T+ TRIEROEEDTY !

e Bool : 7—JL{#, true ¥ false A"ZYL %7,

o Int : EBEYE, 5l : 42

o Float : FENVIH=E, F: 42.3

e String ! TEFRXIXFT), ZEFIRAFTTHENTENNET, . "hello world"
BTS—3RDELSICA——IBHMEINET .
def x: Float = 1.02

def n: Int = 42

def example = x + n

CORFIXYIR=JOO—RTOYIIFHREIETY, fIZIE BIS—%EBIETZHICn DR
# Float ICEEL THTLIEEL,

IR E(L

Lilol3#IBBEMIDEF D Float fEE HR— L TVWET, BALIZUTFSILOBERICILFEN <...> Z&E>T
oL £,

BB
B o BALXFEIAICHRFE LTERR SN KT -

1.0<cm>
100.0<km/h>

BAIEU T IIILDE% Float hSRITDOZTOQRICERL T, ginfFITIE. BIE Float H'5 Float<cm>
F fol& Float<km/h> ICEHa SN E T

REENL
BAIIERFEE>THAGODESZ I ENTEET, UT I 1 IZERTOEMERLET !

60.0<1/s>



o« (/)
15.0<m/s>

. *ﬁ(*):

50.0<m*m>

o NEFE(1):

100.0<m 2>

9.81<m*sN-2>

EEFOBIIEMCESHE
BACRE FIEEN S HPENETIBEMRAICREVRT

1LAREE () BRDLEFEULE . EROBMUICEBEELET
2.8 (%) L (/) IBRACERIEIZRSE. EDOSAICRELED,

L7zt > T m/sxkg ld (m/s)«kg & LTHIRE . £/ mxsr-2 [(F mx(sh-2) THoT (mxs)*-2 Tld
HOEE A

TIN—FDT-HDFEN
EilZzER L TREDETIEUZARTERT ©

1.0<1/(kg*m)>

BuEUTIIIORE
BAMEUTIILISHLT, mE. BE. kB=T5 e TEXRT

100.0<km> + 10.0<km>
50.2<km> - 3.0<km>
6.5<km> > 3.6<km>

ChoDEEZTS5HE. FBIREEBIBROBEMALBIL TRITNIERD FHA. TS5 TRWVSEE, &
IS—HRELET,

BB EEBBNIMOBUANRBRBZHETH. BRECPREZTS LN TEEY

100.0<km> * 2.0<s>
100.0<km> / 2.0<s>

CNSIFENZEN 200.0<km¥s> H KT 50.0<km/s> EFHEITNE T,

83

1

BAIIHR I DN TEE YT, RDOFITIE. speed DEUE Float<m/s> EHERINE T,

def f(speed) = speed * 5.0<s> <= 10.0<m>

Bl

BAIIXFHE LTHAETNE T, Lch>T FlRiEn & kn (3B LTEBRTY. 2NS5ZEE
T 3ICiF. FIZIZKkMmD SMADEHEREEERL £,



def km_to_m(kilometre: Float<km>) = kilometre * 1000.0<m/km>

HUDEEF
BARCTEASNZEMI vnit F—T—RTESIBRENHDFT !

unit km
unit h
unit s

BEESNBAR. PV FILEERORINTHERTEET

signal speed: Float<km/h>
signal distance: Float<km>

wHF

LiloldA TOEEFZERL X7, BEIEMLORVIE (RENSHE) ICUXMITATVLED
o BIBESRE | -x & x DFFSRE. IxEx DBEETT,
e MEYME  x*vy. x/y
e MBEEE : x +y. x -y

o BUBLHE :
o == . %L,L\
o 1= I FLLAHW
o >= : Ukt
o <= ! MUF

> D HEICKEWV
o < ! BINTWHRIEEAADHDEZEHIEZ A TEET, AlZIEo < x <= 101F0
< x & x <= 10 LRILEKTTY,

- BHEEF GHRIREREFOERRZER) ¢

o always v . IIFRDETORRTE

o eventually v : ¢ IXFROHIEETE

o past p . plIBEDHBZIFHAETERL T

o historically p : y (FBEDETORATERE T

o will_change v : v |[IFRDHZFETEHLEDLS

o did_change ¢ : ¢ FBEDHZERTEHLHEDLSTC

o p since y : YHERSTLBEDHIRRDSIWEZTOETDREAT p HE

o puntil y : YyHEIZBRZETORRKROETORAT pHE

o p releases y - !(lp until !y) DERRHZ,

o next f ! 1240 (BEEMIAR) BRICEITEf (WMFLHT—ILETHRLTHLL) DfE 1

DROEENEELAEVSSIIENFREINS,
o previous f : 12D (BEEAIR) BRICHITE f WIFLHT—IETHRLSTHLL) D

fEo 1DFIDRRHEFE LB WSS IMMEDRIFI NS,

BHIBEOBEEEFIIENA L TGEESEZ N TEE T, FIZIE. always eventually (x <
0) DELSICEITET

FEEEFISRKETEMTE XY !

o always [a, bl p : aBFRIEMIZEH S b BRBEMLEE TOROETORBAT p H'E

o eventually [a, bl v : aREEEAIEHLS b RFEEMILE TOBDHZEFRT o H'E

o yp until [a, b] v : a BFEEAIZEEHS b KEEMLE TORDHBIRERT y HEICHRD,
ZTNETOLTORAT Y HE

o y releases [a, bl y o !(lp until [a, b] 'y) OEEH.

FERkOXEEMA M DRHEEEF THERX £,

o



o XFET infinity ZERATE X9 : [0, infinitylo
o ATZATA VT4 Y RUEETF

DRD a BRGEAIICEIT D ¢ DRATE,
o min_future [0, al v : XD a BREABEAMICEITS v DBR/IME,
o max_past [0, al p : BED a BEBALICHITS v DRAE,
o min_past [0, al v ! BED a BEBEAMICE TS p DR/IME,
o sum_future [a, bl p : RFED a BEBEAMEHS b BFEEMEEITOT s RIIZEVWT

o max_future [0, al v
)}

p BIXNBEDGFET.

o sum_past [a, bl v : BED a REEAMFIHS b BFEEMFIEFTOTr Y RIICEVWTY
MNERBEDEET.

o max_past. min_past. max_future. min_future DXL [0, a] DFERTHITNIER
bhFErtA.

o sum_past £7cld sum_future DT« >V RUNEDIFE. G5t o eABRINET,
o MMOEIREBRF X ERKICKBEIZEEATRET. ZDHBEIE [0, infinity] #EKRL ET,

c HE x&& vy I xXyDEAHLNE
EE x|y @ x Fhldy OLFAHAE
s BECEM:

o x =>y ! xPEDFE. y HETHRITNLIESHW
o X <=>y ! XHETHZIDIF. yHRETHZ I HDOEDLIICRS

BEREFIIEETIAVIEISEELTLET L, LEADT -(-x) ¥ (next p) DELSITELLH
BEHRHBDET,

$H A H AR
W DHh DA AHBERABEEINTVWET -
e float |& Int 5 Float ZEMLFT !

def n: Int = 42

def x: Float = float(n)

o time (3T FIDORERELZERLET,
o sqrt IFBEDFEAIEZERL £, 518UE Int FIFERTOD Float TRITNIEED FHA ¢

sqrt(x)

o abs [FBEDHIMEZIR L 9, 518U Int /ol Float TARITNIZ A ST, BURREINSE
R

abs(x)

o max [ F2DULDHEDRAMEZRLET, IRTOFIBIFACRE BuZFHOBELNHD XY !
max(x, y)

o min lEZ2DOULOFEOR/IMEZRL £To IRTOFIHIFA LR BUZRHOBELNHD X7 !

min(x, y)



ESE 17

FHPEEFRATI . FEODRDEBICEDVWTHAKREZERZBEALFHMES TR e TEF XY, if-
then - else X EFEAL £,

if x > 0 then "positive" else "non-positive"

LilomEERHHAEIZ. if [ then/else X TIFHLKKTHZ ZTY, 2D, BICEICFHESNS -
H. else DIFIFMHETT,

if ERORIE Bool ICFHAESNEHELH D £, then HiL else HIEHRMDOHBEDMEZERT S
BEHLHD T, FIZIE. then HiH' Int ICFHMEINBIHE. else Hid Int ICFHMEINBZHRENBHD £
3—0

FEDRSHDERF NGRS ECTHRATE, JDEMEAODY I ZNETBLDICRALT
TED

/] €OREZ 58

def safe_ratio(numerator: Float, denominator: Float): Float =

if denominator != 0.0 then
numerator / denominator
else

0.0 // TIFIMEZRY

/] F R b EINTEEDIE
def describe_temp(temp: Float): String =
if temp > 30.0
then "hot"
else if temp < 10.0
then "cold"
else
"moderate"

if _ then _ else _ |3BFE T E(pointwise) THB Z EITFREL TSIV, DED. XHFIFTARTD
BF s (I L GBS E S,

Casemd

ZHERIED IR TORIEILDIH Bool BDIHBE. cases REFHETITET,

cases {
temp > 30.0 -> eventually temp < 20.0;
temp < 10.0 -> eventually temp > 20.0;
10.0 <= temp <= 30.0 -> true;

b

Chid (temp > 30.0 => eventually temp < 20.0) && (temp < 10.0 => eventually temp >
20.0) &% (10.0 <= temp <= 30.0 => true) XfEREINFJ, L7=HA>T. 10.0 <= temp <= 30.0
-> true DT —RIFBETEET, 1L, DHDRTEIDEHIC. WEND DEWVCEER AZMHG IR
TRCZHELET,

La—-r®

LO—Rid. 71 —ILREENZ LRI EDEZ I IL—FHLT BEET—2E T, EHRRTEELT
—REETIULT BIDICFRAIRTY,

LiloEEId. ERO. BEMNICEMIF SN, HERATREEAL - RFZYR—-—FLTVET,

B

HRIECTEENT field = value RVDAYIEYID VI L ZRMIZ T, LI REZHEETS
F9, LI-FOEIF. 74— ILRBETNSICHET BEOEL SHREINET,

BIZIE ROHKNF2DD T4 — LR EFOL IA—FREEHRLET : B Int @D foo B String D bar,



{ foo = 42, bar = "hello" }

BROMBITHEENE { foo: Int, bar: String } ZHFBEFEY, AV NS IZRD T 1 —IL RIFIERF
T

type EEZHEALTHRAIMNELI-FEZESETACHTET XY, AEECBIAROERNS. L
J—FEE type EETERI D ZM<CHERLET,

/1] 2DERRRDREZRLET,

type Point = { x: Float, y: Float }

// PointE D&% 185
def origin: Point = { x = 0.0, y = 0.0 }

Za4=ILEN=VT

L O— RICAL TRINESNBRNZILEAT TICAO—TRICH BEE. BRMNAEOD Y TEELTY
4 —=J)LR%Z/Y> (pun) TEX T, FIZRIEL{ foo } & { foo = foo } DEEEATT,

def foo: Int = 42
def bar: String = "hello"

def record_with_puns = { foo, bar }

NZVFEE. LO—RUTFIIIPEFHREZST. LA—RIT4—ILRERV R NEINBZGEFAEH I THHE
BELE T, B/ VIE BIRERISEBED field = value R7ICEBEAETNZ T,

NAT7 1 =)L RigE

FALENELO-FIE By FREIDDNITET =L ZEHR T 5 8T —EICER 734k
RTEET, REDT7A—ILFICEZETOEEI AV MIZOWHARZECL I-FEIETHDOTHO.
AN ZIEEARZL - FEACEYICREL T NET,

type Engine = { status: { throttle: Int, fault: Bool } }

def default_engine: Engine =
{ status.throttle = 0, status.fault = false }

T4 —ILRIZRIEDIERET. YOLSRIEF TR RSN TVWTHET AL I—-RICY—JSNET, R
W RXYIDDINRIGINZ VT BB EHDE R CIETEEFRA. Ry FXYIDDNXTIEET 3546
[&. { status.throttle } DD I { status.throttle = throttle } EEFFT,

withic&3 L a—FEH

{ base with fields } ZfFERALT. BEOLI—RE#IEP—L. BEDTs—ILFEEEZLET,
FHIF. LO— REBERXECHERAICHEVET  BEOEIDY T, /N Ry MISNZERESE
B3EHTEET

type Engine = { status: { throttle: Int, fault: Bool } }

def base: Engine =
{ status.throttle = 0, status.fault = false }

def warmed_up: Engine =
{ base with status.throttle = 70 }

def acknowledged: Engine =
{ warmed_up with status.fault = false }

FBHINEIRTD T4 —ILRIF. R=XLOA—RICTTICHFEELTWVWBRELHD £9, NIABH%ZE
Bo2r. BELREBEETZICH. BLRRAMSNEBDEESIB|IBZCHTEET,



%2
LOAO—RRD 71 —ILRDEICTIERTBICIE. Ry bk () BXEFERALET, phx WS EE]
D74 —ILREFDOLIA—FDFE. p.xIEZDEICTIERTZRTT,

type Point = { x: Float, y: Float }

def is_on_x_axis(p: Point): Bool =
p.y == 0.0

LO—RIG%Z FTH. SHEERTSET,

type Point = { x: Float, y: Float }
type Circle = { center: Point, radius: Float }

def is_unit_circle_at_origin(c: Circle): Bool =
c.center.x == 0.0 & c.center.y == 0.0 && c.radius == 1.0

LIk

Lilol& (nominal%) FEREZHR—FLTWET, FEREIRIO-REZFOCIFTEEEA.
enumn F—J—RICEITTRBICETRVWIVA S VZOEE*ERLTESLEY, VX +FY
R # S TWEIHNELNHD T,

A
enum Color = #Red | #Green | #Blue

GRS BEORAFZREER L. T7A4ILFTHLWVTWVWEYT, ERONNERAF—DIVISI4
Z2EHETZCHTEEY, AVA NS IVRIIEFDA. FhITITLEHATEBRTEXT !

#Red
#Color: :Red
#Utils::Color::Red

AVA NS UVRSEMEBEZ T R—FLTVWET !

def is_red(c: Color): Bool = c == #Red

F—RRTIE. ROV FSURIEEEIC # 2T TERL. 5 BEFPEMIIGITERA. 34
ICDWTE. T—2 7 71I)LICET3EZBBL TSIV,

NEA=2TYF

NZ—=2y FIFRE. FIBBOAHZFR—FLTUVWET, match F—T— FIHlT THEER CHHE
T —R0EEZHRLEFT, AVZA S I2Z28RBITZBORAIE. T—RICHRILCERENE
3—0

fl e

def is_green(c: Color): Bool =
match ¢ {
#Red -> false;
#Color::Green -> true;
#Utils::Color::Blue -> false;
¥

NE—2IyF Tl BROFIFRTHEONTVEZ AV S I/2BOEKMESD. #HERICKD BEITHEHE
INFEY:

enum Mode = #0n | #O0ff
enum Switch = #0n | #0ff

def f(x: Mode): Int = match x { #0n -> 1; #0ff -> 0; }



O—hlNL>oTa 29

O—ANRA 2T 27 ERTRE. RICBRAZRDETBILHTE 20ROATHEATEET,
Chidlet ¥F—T—FZzEALTERETN. TROBEENE. BE. MWEZMLEESEZLDIERICEE
T

O—AINA VT 1 >F1E let name = expressionl; expression2 EWSHERZEED XY, hik
expressionl MFER%E name ICNT Y RLET, N1V TFTo > name i&. N1 VT4 I DRXA—TFT
3 expression2 R THOHRTEINE T,

let N> T4 VI DEBRBENIFROLEDTT !

1. AIEetE  BHEARZ L D/NSLRFINEOMDICHEITH T AV v I ZBBLPILE
Eg

2. BRIA : BORAMMERAINSHA. TNERIIC/TY KT3I L TRDEL CBENGE
HEEEBTEET.

WORET a. b, cHS=ZARONEAOEBEZHET Z2ROREEITHELLS !

def circumcircle(a: Float, b: Float, c: Float): Float =
(axbxc) / sqgrt((a+b+c) *x (b+c-a)*x (c+a-Db)*(a+b-c)

let NM YT V%2 FRTI . AP v IHIFBMIBARICRD 7 !

def circumcircle(a: Float, b: Float, c: Float): Float =
let pi = 3.14;
let s =(a+b+c)/ 2.0;
let area = sqrt(s * (s - a) * (s - b) * (s - ¢c));
let circumradius = (a * b * ¢) / (4.0 % area);
circumradius * circumradius * pi

NV REINTER (s. area. circumradius) DEUZ. ZNHEIDHTESNIAD S BENICHE
TNET, EBRD let N VT I/ EEHIE T, AEERENICEBETZICHTEET,



AT LA

AT LA

RARHYIC, Lilold S X TLZRIEET BIcOHICERTNE T, P ATLIZ. BRIIAHSIHL. GERR
FD) NWNEX—% BLUHALFEDEEZFEDTDHDTY, PATALICIIHBNABZERDEENE T,

SRTFLITFANIE PATLEETHREZIBRELNHD £,
system Engine

SRTLDRFNR T 7AINBE—HTIHBELNHD FT,

mg
[ot
i

FLVE type $—U— RTESSNET, AR HLLLI— KE Point ZEEHT 3ICHUTO&
SRl ET :

type Point = { x: Float, y: Float }

Z0%. 77 1ILADOMDIZAHAT Point ZBE LTHEATEXT,

SOFIL
SRTFLDOEEZET REIE S IFLERENE T, TNSlE signal F—T—RTESSINE I, fl:

signal x: Float

signal y: Float

signal speed: Float
signal rain_sensor: Bool
signal wipers_on: Bool

SATFLDEZ MK, PATFLDOI T FILEERICBBTEE T,

SOFIE. BEEESATLVREWVMEERDE, DED )T JRIr L O—-ROEAFEHLHEICTS T
ERTEET,

SRATLINGRA—=4

FEMICERTH B AT LOERIE S I TL/NFX—ZEEEIN, paramn F—T—RFTEETNF
ERRE

param temp_threshold: Float
param max_errors: Int

PRATLDERLMARKIE. PRATLDONSA-RZBRAICBRTERY, YATLNTX—2F. Bf%E
FIR Y BEICERICIRE T ZHRENH B EITEFEL TSIV, —A T, BIRICELTIES X T L/IA
—ZDMEIFERTTET, DED. BESNLIFE. AIFENSICERLTERI N, IBESNAD o
e BIROTOCRIEEDYRATLNTA—RELTENREZRDITLSELES

T8
EHlL def F—TJ—RTEEINZET :

def foo: Int = 42



ERIFINTA—RIKFT BN TETFT !
def foo(x: Float) = x + 42
EBEORDEOREZIEET S LHTTEHT
def foo(x: Float): Float = x + 42

NSA—BOBRT7 /) F—> a3V RDEORIIEA L DBRETAET. EESNAD 2B SIFHRINE
Fo L. CNSDRHRIIHBIBORF XY FELTEICZEVWTEL It EZBBHHLET,
EEDNTXA—FZHLOA—RBUZTEZENTEET, fl:

type S = { x: Float, y: Float }

def foo(s: S) = eventually [0,1] s.x > s.y

EEIIMOERETHERATETEY, fil:

type S = { x: Float, y: Float }
def more_x_than_y(s: S) = s.x > s.y

def foo(s: S) = eventually [0,1] more_x_than_y(s)

EEIE. BREFZERLBVERD, FROEFTEETEE Y

EHEIE. WIAXA—FULLTEETSIHL. YATLOEEDS I/ FILEHRAICERTEE Y,

1%
RIS YRTLICODVWTETHINEI L 2B L DD T, Y XTLDIARTD signal & def 25
RTE. spec F—T7—FEFALTESINE T, def ICKKBTVETH RORDRBD XY :

e RDMEDEIIEICBool TY (FEEIIHLEIFHD FTHA)
o NIA—REFDIDILIITTEEA,

fl

signal speed: Float
def above_min = 0 <= speed
def below_max = speed <= 100

spec valid_speed =
always (above_min && below_max)

RE

assumption &, YA TLEBIITIRICAASEDOHDOE LTIRONZ TONT4ZESLE T, BXHIC
|& spec LEIBRT. NIA—REFLITREDEORIIEIZ Bool TITH. V—ILICLZHEWVWHELRD £
T REIFREEARTIF AL, FIRPREATREEEEDRICHIIE LTEBNICEENE T,

signal temperature: Float
signal heater_on: Bool

assumption physics = always (heater_on => next temperature >= temperature)
spec eventually_warm = eventually (temperature > 30.0)
CDOFITIE. SpecForgeh’ b L —ZFlzEMT DR £IFAHROTEAIEMEZHRET BRI,

physics ISR D I RITNEED FHE A, RE LETOEEFEROFRICOVWTIE. flimeTER
BEEZBIRL T,



€ a—-I)L

Eoa-Il

LiloSEBIZESa—ILEYR—FLTWVWET, EZVa—J/LIZES2—IILEETHRED. (O XTLERAK
I2) WS DOHDEEHNSE>TWET ©

module Util
def add(x: Float, y: Float) = x + y

pub def calc(x: Float) = add(x, x)

EVa-LORFIET 7 ANBE—HT ZBELH D E T, HIRIE nodule Util ¥ LTEFINLE
Ua—Ilid Uil il LW REIDT 7 AL TEET ZBENBD £ o

EZa—I)IZIE def & type DAEEDHBZIENTEET,
MDOES2—IDET7IIMAEEICLIZWERIE. pub (Tpublics OE) ZF5923HEHHD £,

EZSa—IIEZFERTBICIE. FIZIE import Util DK SICA VY R— T B3MRERHD £9, TDE.
Util @ pub BEBRMEMHB TERATEISLSICHBDET, !

import Util

def foo(x: Float) = Util::calc(x) + 42
EDa-NWEIAVTATERLTAVR—bTZCHTEET, fl:

import Util as U

def foo(x: Float) = U::calc(x) + 42
BEFFR LT VRV EFERTSICIE. vse F—T—RZEFEALET !

import Util use { calc }

def foo(x: Float) = calc(x) + 42

AMESa—ILDSEMEA VR— T 3ICIE. use VA MDRBENMIC it F—T—REZTLTs v IR
cLTfSFEs .

import Units use { unit m, unit s }



AVR—=2R2 b
dAVR—% > k&, Lilo DY 27 LZBEEBNAERERE L TEBL T 270D FEATY,
ROESICHER T NI Vehicle YATLEZZTHEFLLS !

e Vehicle & PowerUnit & Battery ZAVKR—R ML THEBET,

o NwTU—I32DD BatteryCell HSEHINE T,

o PowerUnit. Battery. BatteryCell. Vehicle D& X T LlF. FNENIMEDS T FIL.
NTXR—=Z, IREFEFT,

system Vehicle

Signals & Params
« param temp_threshold: Float
+ signal speed: Float
+ signal ambient_temp: Float
+ signal gps: { lat: Float, lon: Float }

Components Specs
+ component battery: Battery « spec vehicle_safe
« component power: PowerUnit + spec power_temp_ok

« spec cell_temp_safe

+ spec no_overvoltage_at_high_speed
« spec battery_valid

+ spec power_valid

+ spec celll_voltage_ok

« spec cells_all_safe

« spec all_systems_valid

+ spec params_valid

system Battery

Signals & Params
+ signal level: Float
+ signal voltage: Float
+ param capacity: Float

system PowerUnit

)
L

Signals & Params

Components Specs - signal temperature: Float
+ component celll: -+ spec level_valid + signal output: Float
BatteryCell + spec cells_safe + param max_output: Float
+ component cell2:
BatteryCell Components Specs
\_ ) + spec output_bounded
(' system BatteryCell

« signal temperature: Float
+ param nominal_voltage: Float

Components Specs
+ spec voltage_range

Signals & Params
+ signal voltage: Float

BatteryCell ¥ PowerUnit IOV R—X Y FEFRWV=H. ROLSICHEMICEETEET .



// BatteryCell.lilo
system BatteryCell

pub signal voltage: Float

pub signal temperature: Float

pub param nominal_voltage: Float

pub def over_voltage: Bool = voltage > nominal_voltage * 1.15

spec voltage_range = voltage >= 2.5 && voltage <= 4.5

// PowerUnit.lilo
system PowerUnit

pub signal temperature: Float
pub signal output: Float
pub param max_output: Float

pub def is_overheating: Bool = temperature > 85.0
spec output_bounded = output <= max_output
ZCZT pub F—TJ—R|I. TNB5D signal. param. def B TNEDXATFLEIAVR—FR2 K

ELTAYREVRMETBMDY AT LDS TV ERXAIRETHB e ZRLET, spec TESTNIcfE
RITBICRBTNE T,

m % Sk S O @7 & D7 4 (4

Battery > XF LIk BatteryCell AVAKR—RY hEFHELEY, Z1Ud component ¥F—T—R%EF
STEETEXT

// Battery.lilo
system Battery

pub signal level: Float
pub signal voltage: Float
pub param capacity: Float

component celll: BatteryCell

/...

DI RSB TFILc NSRA=REIVTENBLTFIL - NFA
-3

HBZVRATLDHNDIRTLDIAVR—RY P LTAYREZVZEEINZ L. TEDNTA—REDTF
JWIEBRO AT LAY I RENET, LA >T. Battery DXF—TITIE level . voltage .

capacity ICAIZXT. celll::voltage. celll::temperature. celll::nominal_voltage N'E X
nxd,

AVR—F I FDITFILRNTA—BZDO—EIEI YT EINZehHD FY, hidk. Tho5HAAR
F—TDO—ETIEHRL<. ZDEN EIRATLD) DT FILONSA—RIZE>TRESNZ %
BLFEd, FIZIEXRDOHITIEZ. Battery DRF—ITIXEKIAL LT celll::voltage .
celll::temperature . celll::nominal_voltage. & KT cell2::temperature HERNFETH.
cell2::nominal_voltage X cell2::voltage IFFRNFtH A, cell2::nominal_voltage DfEIE
3.7 ICEAEIN. cell2::voltage DIEIL Battery D voltage I FILHhSEHREINET !



// Unmapped component - all signals and params will be lifted
component celll: BatteryCell

// Partially mapped component - voltage is mapped, temperature is lifted
component cell2: BatteryCell {
param nominal_voltage = 3.7

signal voltage = voltage / 2.8 // Derived from battery voltage
+

AVR—=RD DT FIVENFRA—EADT IR

SATFLAD Lilo X TIE. :: BEFEFESTIVR—RVFDITFILPNTX—L2%BBTEE
R

// Use cell component signals
pub def any_cell_over_voltage: Bool = celll::over_voltage || cell2::over_voltage
spec level_valid = level >= 0.0 && level <= 100.0

// Reference cell component specs
spec cells_safe = celll::voltage_range && cell2::voltage_range

SRTFLIF FOAVR—X Y EDFOAVKR—R IV EDITFILRONTX—RZELBBTEEY, fiX
i&. Battery JVR—x> b PowerUnit JVR—>Y bOEAZEFD Vehicle P XTFTLZEER X
¥, Vehicle Y XFLTIE ROLSICHHZHRTEEY !

// Vehicle.lilo

/...

// Two-level signal references

def low_battery: Bool = battery::level < 20.0
def power_hot: Bool = power::temperature > 80.0

def bat_celll_voltage: Float = battery::celll::voltage
def at_meihan: Bool = 34.63 < gps.lat < 34.65 && 135.99 < gps.lon < 136.01
// Three-level signal references (Vehicle -> Battery -> BatteryCell)

def celll_overheated: Bool = battery::celll::temperature > 65.0
def cell2_voltage_ok: Bool = battery::cell2::voltage > 3.0

// Two-level def references

def battery_or_power_issue: Bool = battery::is_low || power::is_overheating

// Three-level def references (Vehicle -> Battery -> BatteryCell)

def any_cell_overvoltage: Bool = battery::celll::over_voltage || battery::cell2::over_voltage

// Combined two-level and three-level
def critical_state: Bool = battery::is_low && battery::any_cell_over_voltage

/...

SATLAF—R

SRATLDAF=TEIE. EDVRATLDANZBR T 2T FILENTA—R2DEEEIELET, EZ
R)THRITSBE. A—HF—EXAF—VDFERICH L TEEEX £, Vehicle P XTFTLICHIET S
AF—TYZTRICSRLET :



— battery : Battery N

celll : BatteryCell—\
param nominal_voltage : Float <

signal temperature : Float

signal voltage : Float «———
J (72)
signal level : Float
signal voltage : Float

param capacity : Float

3.7

cell? : BatteryCell—\
signal voltage : Float

signal temperature : Float
param nominal_voltage : Float

/

(12) ——signal speed : Float
signal ambient_temp : Float
signal gps : { lat : Float, lon : Float } «———F——

(+) param temp_threshold : Float

power : PowerUnit—\
signal temperature : Float

signal output : Float

param max_output : Float «——
/

100.0

S RATLDRAF—TIF. SpecForge CLI @ schema AV Y RTHETEEYd, Yy TN IFILP
NTA—=ZE. ZOEDRDTFILPNTA—EZHSEHETNE . REF—TITIFENBW LI
ARLTLETVL:

$ schema --project /Users/agnishom/code/regeng/api/examples/projects/vehicle -s Vehicle flat
Signals:
ambient_temp Float
battery::celll::temperature Float
battery::celll::voltage Float
battery::cell2::temperature Float
battery::level Float
battery::voltage Float
gps_lat Float
gps_lon Float
power::output Float
speed Float

Params:
battery::capacity Float
battery::celll::nominal_voltage Float
temp_threshold Float (default: 75.0)

schema-template AN Y RiF. PXATFLDRAF—XICRIIDSEELIET—R2 T 71ILRINTAX—27T
FIIWOEEERLET, TR T 71ILEERT BICIE --kind signals Z. /NSA—RT71)L
ZHEMT BICIE --kind params ZIBEL £,

$ specforge schema-template --system Vehicle --kind signals --samples 4 --datafile
vehicle_data.csv

B#HZIL --datafile (--kind signals DIFE) F7cld --paramfile (--kind params DIHEF) T
BELENRCESHINE T, NZXEBELAVBEIE. KbOICZERNICHEAINE T,

--samples N A7 avid. T FILOBTICEFNZIT 2> FILEEIEELET, BEEMEIL 2
T. 1 UETHIHNEHLHD. schema-template --kind signals TODHEETITEJ, 2 LDKF
WMEZEIEELBE. BMOY Y FIES VA LI +—JIC&>TERINE T,

schema AV Y RIF --diff 77> 3 2T TRITTBZI LT Lilo PRATLDRF—I%Z/NTX—
RIF7ANRT =R T 7AILEHBRTEE S, COAIVRIE. Z77ILATRELTWBR S S FIL - N
SA=BPEDBITFIL c NSX—F, BLUVBEOFA—BERSELFT :



$ specforge schema --system Vehicle --only signals --diff --datafile vehicle_data.json
Signal Diff Summary:
2 missing, 1 mismatched, 1 expected-scalars, 2 extra

Missing Fields:
battery::voltage
battery::cell2::temperature

Mismatched Types:
speed expected Float but got String

Expected Scalars but Found Records Instead:
ambient_temp

Extra Fields:
ambient_temp.value
battery.cell2.temperture (did you mean battery::cell2::temperature?)

EZRVVIBICAF—INEZSZBORAOFHMICOVTIE. T—2T77MILORFa XV E
SRLTILET L,



ARHYRRAT

FREVARAR

SZTFLA—RREWK OO I—FREBF v IEZBBLET

—8Fzvo
ARIEF—EMEDNF T v I INET, IHRHDARERTREDND LNBRWVEE. EEVERINET

signal x: Float

spec main = always (x > 0 && x < 0)

. EDVRTLHZORFREHLTIENTEI RV, ARICHEDNHZ L ZEKRLE T,
IREOARESD I - —ICHRETNET ©

signal x: Float

spec always_positive = always (x > 0)
spec always_negative = always (x < 0)

COBE. BERIIBEMTIIRETRTIN. WHBBZSATLLINSMALLER/CICLIFTE
FtE A

nRYFzvo
HB3EHD. AT LOMDERRICE > TRENIIRINTVIEBHICNETHIHEE. CNBbBEHTh
-

signal x: Float

spec positive_becomes_negative = always (x > 8 => eventually x < 0)

spec sometimes_positive = eventually x > 0

spec sometimes_negative = eventually x < 0
CDIHZE. sometimes_negative EWOAKRARTHZ 21— —ICBELET, BERS. C
D FO/NT 1 % positive_becomes_negative ¥ sometimes_positive DA SHEIC K > TEEICEETR
INTWVWB=HTY, EME. sometimes_positive & x > 0 EBRBZBEDEFEET S EEMKL.

positive_becomes_negative [CEDIFIE. EDEFRURERIC x < 0 L RBRFANEFEELABITNILERS A
W EsRfAIrsnE 7,

T=ZARDH— FER

TR T AR THBHE. T—RARARDH — FICDOVWTHRERGEMRE. HRUERE. SLUHHbMLR
BEZ2TVWET,

spec example = cases {
guardl -> consequencel;
guard2 -> consequence2;

o REFREMRE: 8H— RABEBTREAIENE 5H%,
o MBRMRE: H— R2EDIRTORRERT —IXEZ@RELTVBIHE S D,



o B4R H— ROAEWICHHEMND 5D,



B

LIoDER. fthk. NTX—&. > T FIIF. /// TlRFSdocstringlciNzx. BETHIRZ[IFZ
ENTEFET, B, IRHEROEFICEEBE T 2HRENHD £,

BEE. V=)L (FICVSCodeliaRiERE) ICK>THEATN S, ARG TEBICRT B AL T —R%ZER
BIHICERTNE Y,

#[key = "value", fn(arg), flagl
spec foo = true

KEFEHROESZIHI TS . #[disable(unused)]
o COBMEER. NTX—F, FRIESITFIICERTI . REATHZ CICEHTRE
EHMFIETNE T,
o IRFMIFILHEINTVBRIEREIFZ. BIFERAINTVWRLABRINET,
BRRRIT DR A LT T b
o BHBIFDT I AN EDEALT I M EF—N—54 RT3 tineout ZWBMITHEE
TEEY,
o MDKSICLTEHMNBFTODEECLDRA LTI N EEICIEETEET . #
[timeout(satisfiability = 20, redundancy = 30)]
o Ffcld. MDKLSICLTHAZIOMICRET DI EHTTET ¢ #[timeout(10)]
BRVARIT Z BAIC T B
o #[disable(satisfiability)] F7cl& #[disable(redundancy)] ZEMBLT. EHFICHT
BREDHNBTEENCLED,
o VI MRE: #[rigidity = "soft"]
o assumption ICEATR L. VI MM LTY—ocNnExd, VIN—REIOFNZET
SOICEHAFETH. N—FRENCFETIHBSIIEN T2 eHHBD 9, FHITEHREL
NILEBBRLTEEWL,

FRIL. TAUT R ARZLT1=ILF
BHICE ST HARICIEFERELTINL » TAVT R« ARZLT A —ILRZ[HF B e TS ET,

SRR E T2 XFFITT, VSCodedhaRISEED R 1 R/N—Tld. EHEAIRILTLIZTIL
—FbENEd, k. TRUICEET IR Y. ERO—EICEE T RIERICER T,

#[label("safety", "critical")]
spec brake_must_work = always (brake_pedal => eventually (deceleration > 0))

TAUTRE BEDSEICEITZNETT, YA EN—ICIE. V-7 7ML TERATNATVS S
B EBICTA Y TADRRTINE T,

#[alias(en = "Brake Must Work", ja = "JL—FEEBELARITNIEESHEWVN")]
spec brake_must_work = always (brake_pedal => eventually (deceleration > 0))

SUFIRNTA—ZDIAVTRF. T—2T7AILATENSZEBRTZHICEATIEY, M
BT—27 70 ZBRBLTIEEL,

1D DRRRICHERD #[1abel] Bl #lalias] BUZNITE LA TE ZOIRTHERAINE T,

IAUTRE—BETHBZEHFEINE T, I8h5E. HBEITAIVTRANBOITA VT IPHOEE
DRFEECEELTIRD FHA

SARJLICIE. specforge.tonlFREZ 7ML TE (16— R £ /ISBENBRHTMLEOBLTKRIR) %
BIEMIT A EMNTEET, EDEHICIF. IDELSIC [labels.colors] T aYZEBMLET,



[labels.colors]

production = "blue"

consumption = "magenta"
renewable = "Ox00ff00"
'mitigation strategy' = "yellow"

ARZLTA—ILRZFERATEET. ARICEBIMDRAAT—AZT—2ZMTEEY, LE2—XFT
—R X, EEE, BRELYL. 7OV FEEORRICRIBET,

#[field(priority = 1, reviewed = true, owner = "ops")]
spec brake_must_work = always (brake_pedal => eventually (deceleration > 0))

ARELT«—ILRDEIZRAT—E (XFF. BE. T—ILE) THIFhIED LA, B—Dtk
TRILARZ LT« — L FDPEREREESNISSGE. RYOEIMERASIN. BEEPHEATNE S

VSCodelhaEMRETIE. X T —FARA Y TD T4 INZV VTICHRE LT« =L RZFERTEE
¥ B

e reviewed:true
e owner:"ops"
e priority:>=2

REBIVTUBNXICOWVWTIE, AHRERICBETERFa XY FEBRLTIES L,

INFA—=Z2DT T x )L ME

DRATLEERT B NIA—RIZET I I MEZRRET D LHTEEY, C5LIETIAILNME
3. HENBAGITIEINIX—EZDREDTTAILMETA Y AZVRILENBZTHBS e 2BHT S
TcDICERET,

#[default = 25.0]
param temperature: Float

TI7FINMEZEREESTAILDICERAIRTIDDOTRHBD EEA, BEHICIE. RDODIC def =R
LTS W,

def pi: Float = 3.14159

o EZRUVIK, TIAIMBERDONIX—ZRBIANHSERTEET, BRINHE. 77
I MEDMERTNE T, ATHICIEE TS LHTE. TORBIEESNIEIERINE
ED

s REIVRR—PIBE TIAIMEZEFDNFA—KIE. TIRR—IRICT 74 METE
BmENEY,

o BIRTIE. BIRBHEVILN—ICNFIXA—RET T A MEICBEET S L S5ERLEFT,

IV RR— bR BRE DD ZERITT I RED T« —JLRICISOND null ZIBET D LHT
F. ThickDSpecForgeldZE/NTX—EDT 7+ )L MEEERT 2L 5ICHD £,

system main

signal p: Int
#[default = 1]
param bound: Int

spec foo = p > 1 && p < bound

o iR
o params = {} DBE ! REAFAEE (bound DT 7 AL MEDFERINET)
o params = { "bound": null } DIFE . FTREABE (VILN—I3HKI%EFHET=F bound DfEZ
BHIGERTEEY)
o« IVRKR—F
o params = {} DIFE . HOERIEp > 188 p <1
o params = { "bound": 100 } DIFE : HAOERIEp > 1 && p < 100
o params = { "bound": null } OBE : EHERIEZp > 1 && p < bound



JSONOD null B ZLilo 7O SLHRTT 74 MEE LTHERT S CIETEFEA,

R8T

A—H—F, REEZEFLBVER (HBX427) 2EHTEET, T5LEAETH. EE0ERCFRK
ICdocstringt BEEIF DN TEE T, XA TIFTL—XRILA— LTHERATE. LilonAEAY—IL
IC&>T true E LTEIRSNE TS

VSCodelisRki&aElZ. FRETNTVBIHEIE) docstringlCETVWTLLMICED ZZ2 TOREZEMT 3
OO I—RLYXERRLETS

/1] AT LIEBICRENICIS—HDSEETINENHD £,
spec error_recovery

282 T3 FEEANICEZ SN TOWRWMREICHERATEI XS,

/// height IZEICHFETHS
assumption height_non_negative



b D)

—HDEETIE. BAIDT FRZXAT B3I, HEDLRZANFIREDICTEIHENH 7D L

F9H. Lilold@mBICEAL TEREMHAH D, IFEERLRTE2 AT LOMERAIIEDLEZ N TEE
Fo CIEWVZ. ARF XY FARAOHITIKUTORMICE S\ I-LFiEERLET

o EVa—INCIATLOERININXFDHIDSRDRAL—VT—ATY, FIRIE.
ClimateControl Tl&7# < climate_control & L9,

o BE: EVI1-IIFERIESIXTLDEAFIE. TNHERINTWVE 7 7MIILBE—HTIBRELDH

D£9, FlZIE. module climate_control £7zld system climate_control I&.

climate_control.lilo EWSHRID 7 7 AL TEERT 2HELHD FT,

signal. param. def. spec ®%&HI 5. LOA—F 71 —ILFRIINXFOHHD 542 X+

— =2 T, FlZIE. signal WindSpeed % signal windSpeed TiZ7 < signal

wind_speed & L £ 95,
o I—H—FZDHDHED. BOLFNIANFTHEDIF v XILT—RIZTEIHELRHD £ .

type Plane = {
wind_speed: Float,
ground_speed: Float

}


https://en.wikipedia.org/wiki/Snake_case
https://en.wikipedia.org/wiki/Snake_case
https://en.wikipedia.org/wiki/Snake_case
https://en.wikipedia.org/wiki/Camel_case

BB RS F D EhkGR

Lilold. BEEAY 2 ESE CEHRRREOMA WO S L LSBT, PP IHMRERNLEHERIED B
ZHEALTULET,

e =
[ ==

THEBCYLET, BTOHIFI L. {time : Real, value : T} LWSRT7TY, B TDESC
3. BREEHINEEEFIBMTHIE TOY > TIHLDELS EB2DLATRERYTY, SignallT] £ H
TOIRTDESDESLRELET. EEORIIDY >V FILHEL 0 THEINREIEHD FHA. 550
HNEZ BN E c DEHEZ% o[0]. ol[1]. ... oln-1] ERELEFT (nlZ o DHFVTILE), oD
YT o OFHEE (oln-1]1.time - o[0].time) FXBITDCLITERLTCETL,

55 0 DHYR—F (support(c) EREE) . o DYV TILICHBOVW-EREDES. ThHSE
support(o) = {o[il.time | 0 < i < n} T BEDOH U IINICA VTV IR E[}TFBTH. 20D
BERZEEZFERALET, BRI tICHITS 0 DfEZE oltime = t] ¥ EBLET, T4H5 oltime = t] =
olil.value (ZCTildolil.time = t ¥BRBAVTwIR)o oltime = t]iEt € support(o) D
BRICOAEREIND CITEREL TS,

B LT ROY Y FIICL>TEBEBSNZES Y : Int &b : BoolEEZEZXET ©

v = [{time: 1.0, value: 10}, {time: 3.0, value: 20}, {time: 4.0, value: 20}, {time: 5.0,
value: 30}, {time: 7.5, value: 40}, {time: 10.0, value: 20}, {time: 11.0, value: 10},
{time: 12.0, value: 10}]

b = [{time: 1.0, value: true}, {time: 3.0, value: false}, {time: 4.0, value: false},
{time: 5.0, value: true}, {time: 7.5, value: false}, {time: 10.0, value: true}, {time:
11.0, value: true}, {time: 12.0, value: true}]

CNSIRRDESICARILTEE T,

v 10 20 20 30 40 20 10 10
b true false false true false true true true
time i i i } f f f f
1 3 4 5 7.5 10 11 12
index 0 1 2 3 4 5 6 7

VvEDICIEEBESH 0H5 7 XETOESHMTVW8DDH Y TILHHD £, mMADEESDHR—
k& {1.0, 3.0, 4.0, 5.0, 7.5, 10.0, 11.0, 12.0} T9, 30 #FE2EL Y TIL%E
vitime = 5.0] £/l v[3] E LTERTEET,

ZLiloR p 1&. LoD ZFLICL>TASHDE TEZFH O DHESNET (v : TERELEFY), B
T OLiloXDEGRERIE. SignallS] » SignallT] OB LTERINET (SIFT X TLICERE
NIZANESOR), COBRKIEHR—-F2FEELET, ThhE. HIHESRBAABESLF-o7<EL
BEELTEEINET, TORp I LT, vl TCOEBERLET,

JEEHEEEFICIF. BENA T —LEEF. BiVEEF. EREEF. XADEACHEENET. H
B3RP RAV IR THZ id. FEDBESNIRFRBMEt ICH LT, BAES [vl (o) [time
= t] DENATESDME oltine = t] DHIEKETZIEEZVWET, LiloXHIEBFENTSH S L.
ZOERMDBANESITKEL T, LichH > TEBROEBICHDIHOET—ETHBZLEVWWLWET, DF
D. RAY b DA XBRIIADES LIEFEEEFH SBHIN. FERFEARIINTX—2, TR &
VIERREEFH BRI NE T

ROLiloS AT LZEEZET,



system main

signal v : Int
signal b : Bool
param p : Int

CCT Ry *x 23 RAYETA4XTHD. X p * 2 IFIERHENTY, = eventually [0, 5] (v
> P IFRAY E T XTHIFENTHHD A

EHOKMIZ [a, bl EWSRFPTEZFET (a: Real. b: Real | infinity. 8 = a <b)s bH
infinity TH3IEE. ZOXRBIIIEERTHZ LWV, E5TRVBEIIERTHZ EVWWVWET, BRE
Rt EXBIICHLT, t+ IFkFEt - ITENEN{t + x| x € I} FFE{t - x | x € I}
ERLET,

XEt + IFEFt - Lid. ANESOTR— O STELEFLIFEANICHN. TOLRPTREZEX
BIZENBDET, LHL. FEREFIIYR—bZ2REL. CNSORBEYR—- M otERs %z
FEoTERINB /O, BREICIIED Tt Ao

R EF & € DEkR

LiloDEEERE FIZ. —HOBANZRVTRETERINE T, v : Bool NEX SN E LT DR
HEREFZERLET

e Always: IRTD t' € (t + I) n support(o) ICRLT [pl (o)[time = t'] = true THD
e [always[I] ¢l (o) [time = t] = true T9,

o Eventually: [yl (o)[time = t'] = true X723 t' € (t + I) n support(o) HFEET 315
&. leventually[I] ul (o)[time = t] = true T,

« Historically: ¥RTD t' € (t - I) n support(o) IZXFLT [pl (o)[time = t'] = true T
H3%BE. [historically[I] ¢l (o) [time = t] = true TI,

e Past: [p] (o)[time = t'] = true EHB t' € (t - I) n support(o) BEET BIHAE.

[past[I] ¢] (o)[time = t] = true TY,

o Until: [yl (o)[time = t'] = true ¥%3 t' € (t + I) n support(o) HEEEL. Dt <
t' <t BEETIRTD t' € support(o) ICHLT vl (o)[time = t''] = true THD
5. [p until[I] yl (o)[time = t] = true T,

e Since: [yl (o)[time = t'] = true &3 t' € (t - I) n support(o) HEFEEL. HDt' <
t'' s tE/EIIRTO L' € support(o) IZFLT [vl (o) [time = t''] = true THD
e, [p since[I] yl (o)[time = t] = true TY,

EROBIDES b ICDWVWT. I always [1,2] b ¥ eventually [1,2] b IERDELSICFHMES L E
ER

eventuall}’[l’Q]b false true true false false true true false
always[m]b false false true true true true true true
b true false false true false true true true
time } —t— i —t—
1 3 4 5 7.5 10 11 12

index 0 1 2 3 4 5 6 7



= (v >= 20) until [1, 2] b IEFRDESICFHEINE TS

(U > 20) until[m] b false true true false false true false false
v 10 20 20 30 40 20 10 10
b true false false true false true true true
time } t i t t t t t
1 3 4 5 7.5 10 11 12
index 0 1 2 3 4 5 6 7

always ¥ eventually [FEWIFHEMIOTTH 2 C CITFRLTL IV, until OFFERIIORIE
releases THD. p releases[I] yid ! (lp untillI] !y) ELTEESNE T, EETF since .
historically . past 1€ until. always. eventually DBEFFHERTY,

will_change ¥ did_change I&. FEEBNERINTUVBEEOBETICE TSNz © T (EEEICIE
TARTOIEEHE) ICHLTRDESICERINE T,

o WillChange: [yl (o)[time = t'] = [o] (o)[time = t''] ¥HRB2Ht', t'' € (t + I)
n support(o) DMEET BFEE. [will_change[I] ¢l (o) [time = t] = true TIo

o DidChange: [yl (o)[time = t'] = [p] (o)[time = t''] ¥H&B2=t', t'' € (t - I) n
support(c) NFET BHE. [did_change[I] ¢l (o) [time = t] = true T,

UTOEEFICRBEEGIIZ e TEERA. FLEERI L LT INSIIBEEERNKG T
EEINET, §abH5. BEMIT SN tine TIEAL . YU TIICEENMITSNEBENET VT Y
DRMKELE T, BREGZH p DEHD T THBHE. X next p. previous p BEKICE T ZHF5
9, nZANES o DYV TIBELET,

e Next: 0 < i<n - 2IXRLT Inext gl (0)[i] = [yl (o)[i + 1]« [next I (ad[n - 1]
= [yl Co)In - 11,

e Previous: 0 < i < n(CW LT [previous ¢l (0)[il = [yl (o)[i - 11. I[previous ¢l (o)
[6] = [yl (o)[0]o

UTDR ST T >200 1> FTERFIE. EHFRERTHI2EEOR p ICHFLTERESNE T, £
BAEEETFCB/MEEEFICEET 3XAIE [0, b] DR (b ld infinity Z25L) THIBEND
DFEY, MABEFIIEEDOXR [a, bl (b infinity Z8T) ZRIFTFIFFE T,

¢ Future Maximum: [max_future [0, a] ¢l (o) [time = t] = max{[p] (o) [time = t'] | t'
€ support(o), t = t' =t + a}to

e Past Maximum: [max_past [0, al] ¢l (o)[time = t] = max{lpl (o)[time = t'] | t' €
support(o), t - a = t' = t}o

¢ Future Minimum: [min_future [0, al ¢l (o)[time = t] = min{[p] (o)[time = t'] | t'
€ support(o), t = t' =t + at,

o Past Minimum: [min_past [0, a] ¢l (o)[time = t] = min{ly] (o)[time = t']1 | t' €
support(o), t - a = t' = t}o

o Future Sum: [sum_future [a, bl ¢l (o)[time = t] = sum{lp] (o)[time = t'] | t' €
support(o), t + a s t' <t + b},

e PastSum: [sum_past [a, b] ¢l (o) [time = t] = sum{[p]l (o) [time = t'] | t' €
support(o), t - b s t' <t - ato

ESDIRFICH T ZEHEREFOBE

HBtime = tICBVWT. Kt + I £7ldt - IHPANES o DY R— bHSTELEITEBOHIICH
N3ZehHBDOET, COESBRIBEOREEEFOIEZRRICLET,

o Eventually. Past: eventually[I] p £7zld past[I] p BEICHEDBICIE. ¢ HE KB FAHHTE
ELARITNERD FEA. EFEMICIEZ. (t + I) n support(o) = @ Ffld (t - I) n
support(o) = @ MIFE. [leventually[I] vl (o)[time = t] = false HKU I[pastl[I] yl
(o) [time = t] = false TYo



e Always. Historically: = always[I] v F£7I& historically[I] pid. WREBRZIXEEHR—
FEOHBBADIRTORICE TS o DEBICE>TRED 9, COHLBEBANEDHE. I
IEZERICEERD FT, WRMICIE. (t + I) n support(o) = @ £flE (t - I) n
support(o) = @ DIBE. [always[I] vl (o) [time = t] = true &Y [historically[I]
ol (o)[time = t] = true T,

o Until, Since: (L p until[I] y £7/lX p sincel[l] y DHFE. y DA EFEELRIFNILERD £
Ao (t + I) n support(o) = @ £7=1& (t - I) n support(c) = @ DIFE. [p until[I]
gl (o)[time = t] = false KV [y sincel[I] gl (o)[time = t] = false THo —AH. t &
W DEEHLE DREIC support (o) DEEIRHAEFEELAWVSGS. RIEDETH o HETHZILEE
RKLUEEA

o Next, Previous: next p ¥ previous p OfEld. WREABEZABETRLAVWT > FILICE>TE
EENZXY, [previous vl (0)[0] = [v] (0)[B] TT, EFICnBOH > TINHB2HE. &
BOY U ZILICDWT [next 9l (6)In - 1] = vl (o)In - 11 HEEDIIBE £ J,

« Will Change. Did Change: I will_change[I] v & did_change[I] p |*. SR ABZIXE Y
A= b DOHEEHRI2DDELRZEEANH DI HEERLET, (t + I) n support(o) F7=
I (t - I) n support(o) ICEEIEAID LA AV, HBWIEE T BVFE.

[will_change[I] ¢l (o)[time = t] = false $& T [did_change[I] ¢l (o) [time = t] =
false CT9o,

o Maximum. Minimum: = {max,min}_{future,past} THFAINB3XEIL 0 HStaEE BHENDH
D&Y, LIA>T. t € support(o) THNIEt € ((t + I) n support(c)) HKDIIDT:
H. COEEHEICHRZIZEHD FEA. COESHEESDFES. NI t BEICEITS
DMEICFHEINE T,

o Future Sum, PastSum: R AZXEEHR— b OEBROHNEIAZEHBHD £, €
DIFE. B0 tHIBINET,

TR always [1, 2] b & eventually [1, 2] b DEEEZ £, Bt =5, 7.5, 12T
I XMt + [1, 21 IZENEN [6, 7] [8.5, 9.5]. [13, 14] TTo FDRALFA VIR
TELIIL. INSOXMBE b DY R— M EDHEEEDFEZETY, LIeH 2T eventually DIEHLE
FEES. R eventually [1, 2] bIFTNESTARTDET false ICFHMESNES, —H. &
always [1, 2] b IFTERICEELRZH. TNESTRTORET trve ICFHMASNET (DFED. C
ORPEIERT b DY R— b EOREDBD FEA)

time T T

index 0 1 2 3 4 5 6 7

FE#RIC. =X (v >= 20) until [1, 2] bidk. BRIt = 5. t = 7.5, t = 12{Z2HLVT. WRE
RBXERIC b QAN W8 false ICFHMESINE T,



Bz & TR FTHE
Blireid. txEmicdT bL—DPZERT B TOERTY,

RETHMIIAREBEICEET AT, ABEZEICTE ML —IDDBREHIDEETZHBE. £
DEFRIETTERIBET I, SpecForgeDEFMIEITIE. AERDREBABENE SHEZBFNIFTvI L.
BARABRERIESIIEEERTLET

BN RBAREMIREIIEE 5D, VILIN-DERTZEBMOFKTHIREOXEEZRITE T,

RE

RECIF. EFREBTTBBICAEDODHDOE LTHRONE TONT A TY, RELEVDBDTIZHRL ¥
AR RIBOHI. FRIEMIIT 3 AT TBEMERGEL Y. S RTLICET 3 ERMBER
LET,

assumption¥—"—F
LiloTld. assumption ¥F—7—REF->oTIREXESTEEY ©

signal temperature: Float
signal heater_on: Bool

assumption physics = always (heater_on => next temperature >= temperature)

spec eventually_warm = eventually (temperature > 30.0)

assumption (FEBXEIICIE spec (NTA—REFT. EDMEORIZEIZ Bool) LREKERTITH. V—
JICEBI/RWHBERD FT :

e IR RALCYATLRADINTOMERD b L—RBIZERT BE. IRTOREISEERICHKIE
LTEENE T, VIN-RBIEREIANTOREOEAZBT L —XZEMTIHENDHD &
ER

o REFHEM | TIRDTRETREDESHEF v I I BB REDHEWEY MCEENE T, BT
IIREAIRERARRD. REDD L TIIREFATRICEBZIBEDHD X7,

s TR RERARYEF v I OBRICHOMEREERNTEENE T, KRE (BLUMOLRKR) 5
BHENSARKIERRE L TESEINE T,

REIC #[rigidity = "soft"] BIEZEMITZ I T. TOREZFIRBICHTZYV 7 MICTZ &
HNTEFY, FHAITROEEELANIILOEI S 3 EBBLTLEIV. T4 MTIE. REIZ/N—
R LTHbNETD,

Lich'>T. BiRERTI2BRICREZFHTEILERHD Tt A, LoV —RTEEIBRIFTHS
T,

TP RERYIERE

assumption ¥ —7— RIZAIZ T, Python SDK¥VSCodelhskikEe % L THRERITT BICT KR
YIOREERETCHTEFET, CNBIE. PRTLEED—BTIEAEL . BEDBRAERITICOABEAS
N3 —RHNAHKNTY,

7 Ry ZIREIE. LiloV —XZZTEEFIC B L~ o751 WS FUFEERLIVEERICETR
TYo FIZIE. GEEN20EZBIT-RELSHBREZ FL—REEMT S VWS BEICEARLE T,



BHgEL AL

Y —XXHT assunption F—T—REF>TEEINEHD. FIRIIVICTRERYZICESNIHDOD
ACHDHH 5T, FIREICIEVILN=DBEDLSIT/ZSH ZFHIHT IBBELRNILDAHD X :

e Hard (\—F) : REIEHHIRHEHE LTHRONE T, ERIN L —RIREEBTH-S
BIFNUEED FEA. AR TRTON—REEDHEAE/ILT ML —XERDIF5NAEWVES.
BIRIEEBL £,

e Soft (V7 1) | REBARGEL LTHRONET, VIN—RGZETEREIRTON—RIREEH
7od bL—RZRBDIFLS L. RICV I MREDBRLTLSICEHAET, V7 MREHD/N— R
HWHISH-ERWEES, TAIENSH. VILIN—ZZNTHHRZERL £ 75

RIRICIE. HADHIK) WHEER. RERALYL) ICIFHardZEA L. BAETIFRVHEE L LI
(FRERHBRHRTLERINRE] RY) ICIESoftzERAL T IZE L,

FE : assumption ¥F—T—RTEESINEEREIF. T7FIWNETN—REBEREICED EY, F£—
D—RTESINREZY 7 MIT3ICIE. #[rigidity = "soft"] T:EREMIFT T,

NFRXA=RZTI7 )L MEICEIET S

BIRRAR O ZRTTBIE. V—RT71ILICT T )L MENEE TN TWE NS X —RIIEBRICEDE
ICEESINET, TDH. FIRERIE. NSA—EZDENSDIEEINIEE LD ETILOHZEDITS
ZXICBRDED

BEICE>TE. 77 #/L MEDMEERPIRE & BRMED R VIEE. REFRAREICAZ LD HD X7,
VSCodelhsREEBED easy analysis E— K Tld. [Fix Params to Defaults] #7>3>DF v o %2HNd
CETIOMEZEMICTTEY, COBE. AITBIINIA—RIIT T #IL MEDBWLHAD K S ICEIE
L £ 9, Python SDKTI&. exemplify XV v RIC fix_defaults = False S Z E CRILIR%EE
LbNET,

BEDNSA—AISBRICEEEIE DD, HHONSX—2%FT 7 4L MEICEE LT-WESIE. fIFz
RITTBBRICENSD/INSA—FIZ null EVWSJISONEEETE TERETEZ Y,

BHENAHE LT ROZATLZERXTHELLD

system VendingMachine

#[default = 1]
param cansMax : Int

signal cans : Int

assumption cansPositive = cans >= 0

spec reasonableCans = 0 < cans < cansMax
C DOERRIE cansMax BM (F 7+ )L MME) DIBE. 0 < cans < 1 EETE cans BEELARLE
. EERAFERETT, L7cH>T. lFix Paramsto Defaults] A 7> a v F v I I TULRIEE. I
BAAECHESINEY, LA L. A7 a>DF v IHANTVWEIHES. FlREsid cansMax (IZBID
@ (Bl :5) ZEBHICERTE, I REAEICADEFT, AILMRZR/ZIDHS—D2DAHE {
cansMax: null } ZEBI LT CHUZKD. BIRESIE cansMax ZEHREHRE LTRSS L S5ICHRD F
ED

]!

BEX VY —2 T ALIC always_in_bounds E WS KA H B & LE T, BE LIEREL NI THIR
ERTTZeHTEEY !

o N—R{RE "always_in_bounds" (&, £MINT kL —XHEREFZC ERELET. onn
FEBERIEE. VILA— 3L LT,



e Y7 MRE "eventually (temperature > 30)" &, FL—RICEBEDHRAMDESHZ N
FELLWELWSEBERGZRLETH. CNHAN—RENEFETIHEETD. VILN—I3ERE
EHLET,



F=2771IL

SpecForgeld> I #+I)LT7—2R & LT CSV. JSON. JSONL (NDJSONEHIEEFND) D3IDDT—2H
REHR—FLTVWET, NSA—RIFISONT 71 ILTHIFIEEL £ 7o

SIFNF—4

BT =22 TIICIE tine 71 —ILFEIDUEDL T FIUERHD £F.  time T+ —JLRIFHA
T. EFEIC time EVSERITHRIFNIAD FHA (KXF - INXFZKF). FEOKME (BHEL
IEZENERE) 2RI BUTILRBERIORIETENRZHEDH D 75

CSsv

BINYZ =BT FINBICHBLES, LI-RESITFHILEENL—F (FTI2IMF _) TIS
v MEEhE s,

time, speed,ambient_temp, gps_lat,gps_lon
0.0,0.0,25.0,34.634,135.996
1.0,30.0,26.0,34.635,135.997

CSVAADEA(EIE true / false. True/False. 7zl 1/0 THEARTEZT,

IRV S IRIEY —XT7AILERLEESICEBRLET, L. T—F2771IILICIEED 2
=LA YR— FOBENBR WIS, IV S VRICIZBHDAEEDHZ N TE EVa—ILPE
ICKBEEfIFTEELEA (D #Color::Red X #Utils::Color::Red IFFFAIIMNT. #Red Y EERT
BPREAHDET) T—RIT77AIROIVR S S URIGETICEREDEESINE T,

JSON

time ¥—¥ value ¥—%EF DA T 7 FDISONEFI T, LOA—REBSHTFILICIFRRA LT
JSONFA Jo 10 hZERTEET:

[

{
"time": 0.0,
"value": {
"speed": 0.0,
"ambient_temp": 25.0,
"gps": { "lat": 34.634, "lon": 135.996 }
+
{
"time": 1.0,
"value": {
"speed": 30.0,
"ambient_temp": 26.0,
"gps": { "lat": 34.635, "lon": 135.997 }
b
}

1

73y MEIBIeHTEERY (LO-FIZYO—FTa V7 %8R :



{
"time": 0.0,
"value": {
"speed": 0.0,
"ambient_temp": 25.0,
"gps_lat": 34.634,
"gps_lon": 135.996
b
H
{
"time": 1.0,
"value": {
"speed": 30.0,
"ambient_temp": 26.0,
"gps_lat": 34.635,
"gps_lon": 135.997
¥
¥
1
JSONL

JSONERIL TEAN SMADEFN G L THTICIA TP o bR L F Y,

{"time": 0.0, "value": {"speed": 0.0, "ambient_temp": 25.0, "gps": {"lat": 34.634, "lon":
135.996}}}
{"time": 1.0, "value": {"speed": 30.0, "ambient_temp": 26.0, "gps": {"lat": 34.635, "lon":
135.997}}}

LI
F—82T A LOTURARY SRADS I FILEE (FEEDTAUTIOVTN) t—HKT 5k

ENRHBDEY, T FILEHHNBICEDLSICHIET BN, DAV R—3%Y MEBLI—RFIT>O—
TAYTD2DDERICE>TREDET,

AR THT7FAIIATIIFLEEE—HLARVRDRIIE. EELERINET

AVR—> MR

SRATFTLAVR—=FY b T FIICIE. 0 TREYSNAEOAVR—RV NI TL T4 v IRELT
FEZX9, HRIE. Battery PXATLDBRDELSICERINTWVEIEE:

system Battery

signal level: Float
signal voltage: Float

ZLT. ENEMEAHTS Vehicle BRDLSICERSTNTWVSRIHBE:

system Vehicle
signal speed: Float

component battery: Battery

F—2 T 7AIICIE speed (B FJL) ¥ battery::level. battery::voltage (Battery 1
VR=RY DT FIL) DIDBRETY,

CSVTIFRDESICHD ET:

time, speed,battery::level,battery::voltage
0.0,0.0,80.0,7.4



JSONTIF. AVR—FXVbZERA LA TP I b LTERTEZEDHTIEY:

{
"time": 0.0,
"value": {
"speed": 0.0,
"battery": { "level": 80.0, "voltage": 7.4 }
+
}

La—rRxIya—5a>%

LO=REDOIITFILET 1« —ILRZR A DI LTRBIBHENHDET, T>O—FTr VI E—
Ri2BEHD X9,

I3y bk (FTFIE) :LOA—RTs—IRZENL—% (TTAIHMI _) TEZELEY, ChiE
TRTOFHKICERASIhE T, FIRIE. ROSTFHILNERSNTLSHE:

signal gps: { lat: Float, lon: Float }
5l)iE gps_lat & gps_lon IZHD FT,

time,gps_lat,gps_lon
0.0,34.634,135.996

ARAZLENL—RZHBETETET, FATETLVWNFRFERICL>TEREEDET,

e CSV: Z/XL—4&IZ, (CSVORYIOXFE) F/id:: (BHRORYIDXE) #E5H3ILET
TEtA.

e JSON/JSONL: Z/SL—&IZ " (XFFF—DRYIOXF). \ (TRT—TXF). FlF ::
(EHZDOXYIDONF) EHZ LTI EE A

FAM:LO=RIT4—)LFZERZMLIISONA Tz b LTRRELFT, ZhiFJSONLISONL
ICOHBAHINE Y,

{

"time": 0.0,

"value": { "gps": { "lat": 34.634, "lon": 135.996 } }
b

ITIV7R

SOFINFELIENSA—BRICTA )T IDPRESNTVRIES. T2 T 7MILDONE (Ffld 71—
JWE®) LT V—RIT7AILTEESNEIORDDICZEDOI AV T RZFERATEET,. 74
(F7=137 0 —ILER) ICId. BERIHABRWVED., TA U7X (SEEBHEV) CIERAEZEEICH
AEDETHERTEEXT,

BZRIE. UTDY R T LDIFE.

system Vehicle

)]

#[alias(en = "Velocity", ja
signal speed: Float

#[alias(en = "Pressure", ja = "EA")]
signal pressure: Float

#[alias(en = "Temperature", ja = "“EE")]
signal temp: Float

CSVI 7AIITIRERBEI A7 A2 A EDETHERATEET:

time,Velocity, £/7, temp
0.0,30.08,101.325,295.0



LOA—REDIITFILELUNTXA—=ZTIE TAVTFRESTFILDIL—FEEZBEZTHRIET, X
IE. #[alias(en = "Position")] signal gps: { lat: Float, lon: Float } ICXfL Tik. FiB#A
SR A TIEN S L%D Position_lat & Position_lon o BEEMARMARTIEA IS I +F
—#h' Position |ZADET, LOA—RDTs—JLRE (lat. lon) FHEZZITEEA.

RyTEhicoJdFIL
AVE—RY bEAVRED T B, DT FIL (FRBNTA—R) 2RICTy FTEI LN

TEEY, IV TENLITFINRBT 2D 55mAMBDTIZERS WO RXTLOMD LT FILH 55
BeEnad. 7277 10LIAN 2B LEE A

BIZIE. 22D T FIL%EEED PowerUnit BRDLSICERZINTWVSIHA:

system PowerUnit
param max_output: Float

signal output: Float
signal temperature: Float

Vehicle & temperature ZRICYY S TEFET:

system Vehicle

signal speed: Float
signal ambient_temp: Float

component power: PowerUnit {
param max_output = 100.0
signal temperature = ambient_temp + speed * 0.5

F

Z Z T power::temperature IEF>F F )L ambient_temp & speed DSEHEINZH. T—27
7L ILCHIIFETYT, FEHRIC. power::max_output & 100.0 IRy FTATWVWBRTSH. /INSX—
RIF7AIICEDBZREEHD FHA. IV TINTLERW power::output ODKSHBTTFILDAHD
TR EMRBELLET,

NFRA=2T 71
NIA=27 71 LOBEE. ARy IRONFX—2EEERKRL T,

Vehicle YXTALIFHBD/NSX—2%ZEE L. PowerUnit D/NTX—RIZEZRHBLET:

system Vehicle
param temp_threshold: Float
component power: PowerUnit {

param max_output = 100.0

F
WIETBDNFTA—=RT 71 )L:

{
"temp_threshold": 50.0

F

TI7HINMEEFBBONSA—RIFERTETEY, LEOFITIE. power::max_output DT 7 # /L MME
& 100.0 THBH. Z771ILICEENTVEEA.



IARTZFHB
52D Battery & PowerUnit YR TFLEHEAEDLEZT:

system Vehicle

signal speed: Float

signal ambient_temp: Float

signal "fuel level : Float

signal gps: { lat: Float, lon: Float }

param temp_threshold: Float

component battery: Battery
component power: PowerUnit {
param max_output = 100.0
signal temperature = ambient_temp + speed * 0.5

F

INTGX—=RT 74 )LICIE temp_threshold Z3EE L. power::max_output (F7#JLNEHD) 1FE
BLETY:

{
"temp_threshold": 50.0
¥

COYRATLDCSNT—2T7 70 (7Zy bI>aA—FTa 2P0 _ €£NL—%) :

time, speed,ambient_temp, fuel
level,gps_lat,gps_lon,battery::level, battery::voltage, power::output
0.0,0.0,25.0,100.0,34.634,135.996,80.0,7.4,0.0
1.0,30.0,26.0,99.8,34.635,135.997,78.0,7.3,40.0

“fuel level® [FN\NwTT4— 4 LT fuel level & LTRIIMN. power::temperature (< w
TENOTFINTHZHEBINTUVED,

BLT—RDISON (RR+I>OA—FT1 ) :

[
{
"time": 0.0,
"value": {
"speed": 0.0,
"ambient_temp": 25.0,
"fuel level": 100.0,
"gps": { "lat": 34.634, "lon": 135.996 },
"battery": { "level": 80.0, "voltage": 7.4 },
"power": { "output": 0.0 }
}
H
{
"time": 1.0,
"value": {
"speed": 30.0,
"ambient_temp": 26.0,
"fuel level": 99.8,
"gps": { "lat": 34.635, "lon": 135.997 },
"pattery": { "level": 78.0, "voltage": 7.3 },
"power": { "output": 40.0 }
}
}
1

schema AT FE&

AVER—FY FDORVEBHISRIZIERLS AT LERSBEE. STFINTF7FAILRCNIA—=RT 74
ILHEL WIS > TV B D Z R T DIEEIFIEMICH D NETY, schema IV Y FTHEFEIND
SOFIL/INSA—RE—EBERTL. schema-template TTF—HR T 7T ILRINSTA—KT 71 JLDOYR
ZHER L. schema-diff TEHEI 7ML RATLDRAF—ILDODBEF TV IDITIET,



AEFIH

o VUFILEID Float DIFE. BHIBEIZEEMIC Float ICEHRENE T,
o T—AWRIET 7 IILILERF (.csv. .json. .jsonl) HSBEEMEHINEITH. --file-
format CLIZSJ TCTLEEETRCHTEET,



REBIEFZR

REERCIZ. EXONTARKICERT I ATLANDANZRRTEZ I TY, — RIS, REAIRERE
IUATOERDSBREINE T,

e AVFTFRAM ! PRTFLETIL (ANESLEAESDBER)
o AN PRTFTLOARNESICET 31Tk
o M HERZSISEHECTANES

ROBRZRY —ILIBUATO L S ICHEENE T,

o System-Dependent (2 XFLEKEFEY) ! HEDO AT LETILICH L TERTE S falsifiero
o System-Independent (2 X7 LIEEKEFR) | FEDOS XA TLETILTHERTE 3 falsifiers DF
D, A—H—HNEFILEERTEET,
o Black-box (F'Sv oKy I RB) : falsifier PETFTILODARHDAEELCTETILEIERT
%2 AT LIFEKIFEL O falsifiero
o Glass-box (FS5 Ky AR : falsifier NETFILDRIT/N\Y RILTIEARL ETILORE D%
ZITE B > R T LIEKEFEEL O falsifier,

SpecForge |3IR7E. System-Dependent BY0D falsifier L D1 >R —T T —ZADH=EHR—FLTWVE
Yo DFD. A—H—REETILZEEL. EDETIIZHMEL - falsifier 21232 X7V T+ Z2AERT
BZHENHD £,

LUFTlE. D& 5% falsifier & SpecForge LEETE 37Dy b7 v FHEDFMZ AL
Fo BEBFIZDWVTIE. SpecForge releases R—TJICEEFNTVWD REEEROH > FILFOS o
EBEBLTIIEEL,

o F16 fiZEHEETIL : 16 EDEREHM & XOWNIEREMA AEXZ AV TETIMELE N F16 fnZeik
DETFTILT. BRI IFHEEZRLER S R T LT,

o A=FIFYIIFSVRZIyay (MATLABRHE) ( 220AHN (ROv RLeJL—F) %#F
DEEOFX 7BIRETILTY. ETINOMOBRICIGEREPEGZHRASENET. COETILE
MATLAB RF a2 X > b DF IT—MRENCEENZDDICA VAL T T TE DL Simulink Z AL
TERETNTVET,

REURFRR ') T + D#EdiE

REBRRZ D) T U T OS8R ITRNBZHBELH D £,

e --project-dir : SpecForge 7OY T bFT+4 LU LJUD/NVX (specforge.toml 7 71 ILH
BHNTULSIHF)

e --system : falsify $3>XFLDEAH

e --spec : falsify 9 3tkD%7]

e --params : JSONFEXD AT LD param DIE

e --options : RVUTFADEBMA S 3>

LIch'>T ARV RRUTOLSICHEUHENE T,

sh scripts/automatic_transmission.sh --system 'automatic_transmission' --spec 'ATéa' --
options '{}' --params '{}' --project-dir './spec/'

RBZERZ D) T DHEASUATOVWTNDTHBIUELBD £,

e { "tag": "Err", "contents": err}
e { "tag": "Ok", "contents": { "signal": signall}}

ZZ T, err EXFF| (6 : TCouldn't Falsify)) T#bD. signal |& JSON XD RHHERDERT
¥, pandas T—R 7L —LEZFRALTWVWSHEE. Zhid SpecForge SDK @
converters.python_to_api_timeseries B FE>THIETET £,


https://imiron.io/specforge/releases/
https://en.wikipedia.org/wiki/General_Dynamics_F-16_Fighting_Falcon
https://www.mathworks.com/help/simulink/slref/modeling-an-automatic-transmission-controller.html

Falsifier D&%
specforge.toml 7 7 JLIC. falsifier ZATDEL S ICEERL F T,

[[system_falsifier]]

name = "Automatic Transmission Falsifier"
system = "automatic_transmission"
script = "scripts/automatic_transmission.sh"

CHUICED. X T L avtomatic_transmission (ZBEET T 57 falsifier KX 1) 7k
scripts/automatic_transmission.sh DEITICLDIEUHE 3 Z & % SpecForge IZIEX £ 95

RERET -V 70— DREIT

ROHREZRR V) 7 b D#Fr BEH T T L7125, VSCode HLAEHBED easy analysis > a > % fE->
TRITTEET, UTORIV =223y hEBRBRLTIESTL,

n ® <« falsification_f16

SPECFORGE: EASY ANALYSIS @ f16.ipynb ® @ f16.py M Lilo Spec Analysis X

Specifications .
Analyzing spec: afloat

spec/f16.1ilo Anal
B se LD Falsify v F16 Faisifier v R

@ afloat Analyse
Falsifying Trace Found

A counterexample was found that violates the specification.

E]Jalways alt > 10

V& L&

@

B

|- false
I

0.0 0.2 0.5 0.7 0.9

D att > 10

2330
10.0 | 10.0
¢

=

0.0 0.2 0.5 0.7 0.9




FOFA4EZRIYT

SpecForgellid. LiloTHRINictFEE A > S VEZR Y VI IBHEENHDEY, 7751 VEZ
2T L —REBFZNEBLRIC—IELTHEZEH T O LIFHENIC. FL—XZEDIAHBRH S
A=V ARTHEZHI L ZRBEKLF T,

FUSAVEZA%EFEET BICIE. specforge CLID streammon AX Y REFAHALTLEE WV, BER
F1EUZDUWVWTIL specforge streammon --help Z3fTL T EE LY, specforge streammon I > K
ERITTBZEEZZHEEHL. STDINDS L —XZEDIAA. STDOUTICHAESEERL £9,

EZRIFCSVETIFISONLERD kL —REZIF ST £ T, CSVDIHE. RTDITIENYA—TRITN
BB57. ZONYR—3BESICHLT 20 zHNT27-DICERATNET, JSONLOFZE. BiTH
E88ZF—rT3ISONA T U bTHRITIIEMD £H A, RECORD_ENCODING H 7OV > RZfEH
LT, LO—FH flat £/ldnested XTIV A—RINTVBIDESHZEBETETEYT (F—4IC
Be2E%8R).

FYSAYEZZDREDOREIZ. FHEEEFORXBIFREIBBEDNE BT+ FUICRRSNT
WBSBICRDRIFICEEL XY, IFERLGRIZHEOXAIR. L XABEOXETH>THHR—FE
NTLEEA.

SREEOEEEFIIA Y SA Y EZRTHR—FINTULET, TNSOHEIF. HHFEAORADT
RI4 Y RIDODEIPEELTEREINE T, HIZIE. I eventvally [0, 5] FEEZXUVI T3S
B, E-ARIIREEL t 0HIEE. BZt + s FTORL—XEWMDRAATHSERLET,



RTAMTADI Y RAR— bk

SpecForgellid. LiloTEINictFEE Y — RN—FoDEZR ) VY=L TERTEZLSICTY
AR— T BHEENDHD £9, RTEIE. NickovicKSICK > THHE - #IFIN TV 3Signal Temporal
Logic (STL) ®E=ZRU VIV —=)LRTAMTD&EHR—KLTWET,

TR R— FEEEDIFUHL

IO RR— eI, UTORI)—=>oay MIREINTWS K 51, SpecForge VSCodedhaRigHaE
Measy analysis UNSIFUEEE T,

@ SPECFORGE: EASY ANALYSIS £ lilo.toml Lilo Spec Analysis X

Specifications C . .

Analyzing spec: frequentlyNight
Q Filter specs...
Run Analysis | Save Analysis

ig 7 [} main.lilo Analyse

& frequentlyNight Anayee ¥ Show advanced options
5 @) daytimeSolarDominance Analyse
ﬁ Export type

(@ noSolarAtNight Analyse
C ) diverseMix Analyse ilo
© @) middaySolarPeak Analyse

@ nighttimewindDominance Analyse Record Encoding (for config)
% @ solarToWindTransition Analyse Preserve records

@ lessConsumptionOnWeekend Analyse
g ) demandSpikeMitigation Analyse System Parameters

lusAtNight Anal

(¥ surplusAtNig nalyse Input JSON
’é ¥ peakDemandPeriod Analyse

Ea frequentlyMoreRenewable Analyse

{
) renewableAndSurplus Analyse
(@ renewableDominanceStability Analyse

F7=. PythonX &) 7 k% Jupyter Notebook TPython SDKZFR L THFUHET e HTIFET, D
FAEDEHMIZDOWTIE. Python SDKRFa X > FEBRBL T T,

rtamt_formula = specforgeClient.export(
system="f16",
definition="afloat",
export_type=EXPORT_RTAMT,
return_string=True # Get the exported string

)
print("Exported RTAMT formula:", rtamt_formula)

RTAMTICE 9 2 EEHEIE

RTAMTIZPythonS 1 7S5V e LTEBHEINTVET, 1 VA M—=JLEFERAZEICDOVWTIE. RTAMTR
FaXYEEBRBRLTIEIL,

RTAMTICT Y ZR— 9 3K, SpecForgeldE&EZ 1>V 71 VEBBALTE—DRXEERLEFT, /NTX
—ZIFT T A ME. FIEETIRR— RO E L TIEESNIETES BRI SNET, ENREHEIN


https://github.com/nickovic/rtamt
https://github.com/nickovic/rtamt#installation
https://github.com/nickovic/rtamt#installation

TUWEWNTIX—ZIF. BLEAFIOBHEERTESHRISNE T, NSA—RIZT 7 MEDHZHE
THEREZHRTEIHRILWESIF. NS A—2{EZEJISONE null ICBEL T EETL,

RTAMT DR IZLilok D HBMTH B 726, LIoDRTAMTADI Y RR— b H—ED7 —XTTEHW
BEDHD £T, RTAMTTHR— TN TOAELLiloDOEEEICIZ. XFF)PLO—R. time 2. XM
RNOIEERALI.. if . sum_past. sum_future. did_change. will_change BEH'HD £9,
SpecForgeMEA T ZRBEILICE > THER— FTNTULRWEENBRETNZBEIE. TIXKR—H
ML %95

2ASAT4 T4 RUDEREETF nax_future . min_future . max_past. min_past I&.
RTAMT TIIRIG S BEMEEEF (eventually . past. always. historically) ICE#TNFT,
CHUIRTAMTOONZ bR RE— R TlE. ROBREZITORVW-OBEL XY,



VSCodelLiRi&RE

SpecForge VSCodethiRikgE (X, Loz stiis LU T 370 DEEMNLBERBIEFRHLE T,

=:=h

ER

Sag

R— b WEEBTY -, BLIURBIHEED, H—nicr > 2—T 1 —XTEN>TLE

Ty b7y FICDWTIE. VSCodelhaRIERED 1 Y A F—ILH A REBRBLTILEETL,

=

C OYERIEEEIIU T R L XY !

E58YHE— b : Language Server Protocol (LSP) SRE(C & 2 EFART. BRE. $LUA—
raA>FI)—+k

P BIS— KMEADER. BLURBREROUTZILEZALFIYVY

d—FL>X: O— RICEFREDA ENTONEERRTY —IL

ERT—RARLY AR FESNBEFZ T ES— T2 TODFERY 1 RN —
RBIART Y RO EZ 2V > Y. FlIin. REURRBZRLE D= DXIFERGUI

J =T IHE  Jupyter/ — kT U TDSpecForgefERDIBEILDHR—

LLM#EHE - AIBRBIDEARERL & 2B D EREA

BRE

RAEREREICIZ. EITHRDSpecForgetr —/N—HURETT, VSCodeDRETH —N—EHE=ER L 7,

H—

IN—ER

APIBase URL ( specforge.apiBaseUrl) : /\w o T Rf#ffit—/N\—D~X—2ZURL,
spawnServer "B RBEIIERINE T, (XFF. 774/~ http://localhost:8080 )

Spawn Server ( specforge.spawnServer ) : BMICT 3 & HLEREEED apiBaseUrl DAERH —
N—ITIERTT B3 DIC. SpecForget—N—7Ot€X%2AO0—HILTEEBLEY, (I—/ILE 77
#JL K~ false)

Server Path ( specforge.serverPath) : SpecForge/N-1 1) DY Y R =l /V R,
spawnServer ZBMIC T ZRELHD X9, (XFF. =74/~ specforge)

Preferred Port ( specforge.preferredPort) : O—71)L CHCE1d % SpecForgett —/\— DB
R—bo EMEEIEZCDR— bOFER%ZEA. EREPOBEIFRIOMBREERR— MIT7 +—JLN
w2 LEY, spawnServer ZEMICTIHNENRHD £, (10565535 F TDEH. 774/ F:
8080 )

HY=N—Fa—=>5

N5 DEREIT spawnServer BEWRIZEICOABARINE T,

Cache Bound ( specforge.cacheBound) : SMTYIILN—ERDLRUF v v 2 DY 1 X, 77
FIL MEZFERTIERIEELDERICLE T, EHFE/LEnul. 774/ null)

Semaphore Limit ( specforge.semaphoreLinit) : FERICEITTESZSMTY IILN—-7OFXD&H
K, T4 MERERTZIBERITADOERICLET, (BEE/ldnull. =74/~ null)



LLM#&ES

CNESDFREIF. EFREMEEZIHBICERSNIABEZEBHELE T, TONAIE - ETILOHREE
spawnServer BN RIGEICOABERINE T,

e LLM Provider ( specforge.llmProvider) : S AMRERICER T ALLMTONAE — £
3> ! openai. anthropic. ollama. gemini. defaulto. (XF3 F7=2/Lk:
default )

e LLM Model ( specforge.llmModel) : FHBAE AREMICER T BLLMET L. T 7 2L MEZE
AT 3EaREROEEICLET. (XFF. STk )

o APIKey Source (specforge.apiKeySource) : LLMZONA A —DAPIF—%H DK SIZEET
BOERELET. CNZE env ICRET B . APIF—(IERIBEHH SMAINE T, vscode ICFR
EIT DL, APIF—I(LVS Code UIZIBL TAN TN, VS CodedSecretStoragell ZLICHFEFEIN
£9, (XF5. 77k : vscode )

« Ollama APl Base ( specforge.ollamaApiBase ) : Ollama®APIX—ZURL, BRIEHN SHET S5
B FLIEBRAEVBEREEEHOEFICLEY, (XF. FI74/k~ ")

APIF¥— D8R

specforge.apiKeySource H'vscode (F7 7)) ICEREINTUVSIHBE. APIF—(IVS Code®
SecretStoragelCfRESNE T, AT F/NLw b (Ctrl+Shift+P / Cmd+Shift+P) H5RDIY > K%
AL TGEBMEIFHBRTE £,

« SpecForge: Configure API Key for LLM Provider : IR/ EZIRETNTWVWBZ FONA S —
('specforge.llmProvider ) MAPIF—% ANTZERATY, EDF—%2ANT2. Fo7AON
1H—DRESNIF—HHEIRINET,
 SpecForge: Clear Stored APl Keys for LLM Providers : SecretStoragelZfRIESINTWVWZIART
DAPIF—ZHIBRL £9%

BRESNTONAHA—ICAPIF—DRETHIICHDDIDDLETREONSHRVIGE. F—DEHYEREE
L TedDTa— Ay FZEUEERRTINE T, CORETH. LLMHEEEZ L TSpecForge% f#
Y2 cBaEIEAETY,

specforge.apiKeySource H' env [CERETNTWBIHE. BEISN T —N—IIRBEZHK
( OPENAI_API_KEY . ANTHROPIC_API_KEY . GEMINI_API_KEY) D'SAPIF—%HMEAL £,

E DD TE

« Enable Preview Features ( specforge.enablePreviewFeatures) : £72U 1) —XEJBRTET
WAEWRERIHEEEZ B LE T, (Z—/IE 772/, false)

« Trace Server (specforge.trace.server) : VS Coder SsEH—/N\—RBD@EEEZ FL—XLFE
o ILERIEBEDRIED T /N Y JICERTY, 77> 3> | off . messages. verboseo (XF
G, F72Ik: off)

mLwros 7 FoYEAL

VSCodeN'S#EEINEZ 7OV TV MEETTA LYV MU EFIEMETEZ Y, I RNL Y
(Ctrl+Shift+P / Cmd+Shift+P) %%, SpecForge: Initialize SpecForge Projectz 217L £3,
& init CLIOY Y RORITLEETT,

C DAY RidSpecForge/N1 FUIZHKTET 5728, specforge.spawnServer BEZNT.
specforge.serverPath AIEL K R IN TV RIERICOHEEL £ T,

VSCode TSpecForge7OY =7 MIEDMHTKIZ. 7O TV MNL—rTo LI M) ZH—DT—U R
R=RITANFEL TR ZHE#D L FT,



IFqearyesr1ty

LIoZ7 71 ILZRAVWTWVWARE. AT—2XAN—ICREDITs>a>hRREINET, IV v IT3LH
FAKEEZTETEET, FHICOVTIE. ITTFr>av. FIAKE SAEUREBBLTLIET L,

BRI L BB

PARMEREIS. HiREER T BBICU TILFZALTF v IERITLES, T7—ICRTEDEIDNET,
ZEEAOI—-RICA—VIZzEHER L. IT7—PKRRSNET

= main.lilo1 @ = Lilo Spec Analysis

£ main.lilo > ...
"0il and Gas': Int
“Coal’: Int
‘Solar’: Int

This expression is expected of type Int but has type Float; Type Float is inconsistent with

Int.

View Problem (CF8) No quick fixes available
20 night => Solar == 0.2

daytimeSolarDominance = !night => eventually [@, 5] (Solar > Wind)
peakDemandPeriod = peakHours => float(Consumption) > 1.2 % avgConsumption
lessConsumptionOnWeekend = weekend => !'aboveAvgConsumption

ARSI TS —. BITS—ARrEFzv o LET

RFFXaxXETPORITY
HEARIREIS. (IR T 7 T ILORBHNG T U b S1 VZRMHLET !

"0il and Gas': Int
“Coal': Int
“Solar': Int
‘Biomass': Int

Vv OUTLINE

® satisfiable
pec noSolarAtNigh
night => Solar =
Nuclear signal : Int
s Satisfiable
ZAWindjsianalEiing ¢ daytlmeSolarDommance = Inight => eventually [@, 5] (Solar > Wind)
% Hydroelectri
*Oil and Gas" signal :
able
¢ lessConsumptlonOnWeeken
@ satisfiable | A

) noSolarAtNight spec noSolarAtNight

2 frequentlleght = eventually [@, 12] night

() daytimeSolarDominance st aytime...

&) peakDel daytimeSolarDominance (function)
- jef solarDominant = (Solar > Wind && Solar > Hydroelectric)

f windDominant (Wind > Solar && Wind > Hydroelectric)

) able seMix)- Explain ¥

@ frequentlyNigh nighttimeWindDominance = nigh eventually [0, 5] (always [0, 2] windDominant)

4 e

spec middaySolarPeak = midday => eventually [0, 5] (always [0, 2] solarDominant)

&) lessConsumptionOnWeekend
() surplusAtNight

@ solarDominant de

VSCodeD IV R7O—F—HA RN—T I7I+S1>) Ea—%H<
TRTOMKR R VT FI. BLUNFTX—2%=—BTHER

s FRDOIVRINZIV YO LTERICS YT

s VURSAVIIEBNICEHINET

%

B

MRS EBNICTETEFRF IV IERTL. T — PNy IZERHLET



*Solar’: Int
‘Biomass’: Int

night_time: Bool

® satisfiable |
no_solar_at_night =
night _time == true => Solar == @

PHICA—VILZEDER L. XvE—CHRFENE T

*Solar’: Int
‘Biomass’: Int

night_time: Bool

Consider rewriting this as: night_time

View Problem ("CF8) No quick fixes available
night_tihe == true => Solar == 0

EEICIIUATIREENET ©
o KR{EFHD signal. param. def REDEE

. RBILDRE
- BRTHBEKEOREFEAIZLICEHTEIES (RETNTWVRIFA)

d—-KL VX
d—RL>XE. A—RFROABRDLICRTIINZWERARZ T, BEALDOERYE (BEICED)
ZNICHLTTER L EIRTRLED,

REFTHEMERE
SHFO LIS, HEORETENESHERT - KLY IBRRSNET !

@ satisfiable |
middaySolarPeak =

midday => eventually [@, 5] (always [@, 2] solarDominant)

AEDFTEAIRE RIS, [ Satisfiabley L>XIET U wITEFET, vV vITdE. TOERICHL
THIRBRD S 5D C ORISR TSpec AnalysisR-1 VH B E. IFORETEMEZTT ML —
2B ETCICERTEET,

LU IESpecForge M FER A AJRE T 4 5 AJREMED % B L 1% L 7oAk AT Y ¢



solarDominant = (Solar > Wind && Solar > Hydroelectric)

windDominant = (Wind > Solar && Wind > Hydroelectric)

Possibly Unsatisfiable - Explain ¥ |
solarPeak =
eventually [@, 5] (always [@, 2] (solarDominant && windDominant))

IA—H—(3FAZEROBZ D TEFRT :

solarDominant = (Solar > Wind && Solar > Hydroelectric)

windDominant = (Wind > Solar && Wind > Hydroelectric)

Possibly Unsatisfiable - Explain ¥ |
solarPeak =
eventually [@, 5] (always [@, 2] (solarDominant && windDominant))

SpecForgeh’ BB AIREMZHIMI TEI BN o fIFR. FMT LTV ER LTEINZBEITI S ENT
TED

TRM
SRTLPMBRD IR TH BN H 2 EBRE LT5E. BENI-RLOI LTRTENET !

@ satisfiable | A Possibly Redundant (noSolarAtNight, diverseMix)- Explain ¥
nighttimeWindDominance = night => eventually [@, 5] (always [0, 2] windDominant)

Z DEFRIE noSolarAtNight & diverseMix IC& > TREBEAMICH T D IO/ ELHEL RV EW
5 Z & %SpecForgeh RLTWETY, ExplainZ2Uwo33r. TEEDHBEIERINET :

# satisfiable | A ?
nighttimeWindD®inance = night => eventually [@, 5] (always [@, 2] windDominant)

# satisfiable | Because at night Solar is forced to 0 by
MECEEFPOEIRRI S IEERER 52 XA noSolarAtNight and diverseMix ensures Wind and
@ Satisfiable | Hydroelectric are nonzero, the WindDominant
solarToWindTransition = solarDomi condition (Wind > Solar and Wind > Hydroelectric)
becomes entailed during the night, making
nighttimeWindDominance redundant.
moreRenewable = renewable > nonrer

® satisfiable | Source: SpecForge
diverseMix = (Nuclear > @) && (W

Ln39,Col1 Spaces:2 UTF-8 LF {} Lio &

A&7

RiEEDH AV spec BEL UV assumption [F XX TEEIENFE T, CDFE. I—RL U XIFAIEFERL
feARERZIRELE T,

‘+ Generate with LLM

nighttimeWindDominance




Generate with LLMZ I U w I T3 L. RMEDY AT LTHEET ZAROERIER TN E T, EHED
HEDICHEBHERTH DB, FIFERICHOBEELHZBEIF. T7—AXyvE—IMRKRRINET,

ERT =2 ART >

X T —RZANRIUCT O 2R T BICIE. VSCodeD A4 BSpecForge 7 A% o) w o LE
C

pyproject.toml
B romania.csv

B sampled.csv signal “Nuclear’: Int
signal ‘Wind': Int

signal ‘Hydroelectric': Int
signal “0il and Gas': Int
signal ‘Coal’: Int

% hour signal : Int signal “Solar': Int

v OUTLINE

~ {} energy system

signal : Int signal ‘Biomass’: Int

‘E SpecForge
W

5/ weekday signal : String

g Consumption signal : Int @ satisfiable | A Possibly Redundant (solarPe

% Production signal : Int spec noSolarAtNight =
% Nuclear signal : Int night => Solar ==

{7 Wind signal : Int
@ satisfiable | A Possibly Redundant (solarPe

¥ Hydroelectric signal : Int spec daytimeSolarDominance = !n

HA RN=IZIE. TIRTOERT 7AILEERSNTULB RNV I T ET !

SPECFORGE: EASY ANALYSIS = energy.lilo 5 X = Lilo Spec Analysis

Specifications = energy.lilo > ...

#@ Consistent system
[ energy.lilo system energy
7 frequentlyNight Analyse signal hour: Int
ISJ.gnal weekday: String
signal “Consumption®: Int
signal ‘Production’: Int

daytimeSolarDominance Analyse
noSolarAtNight Analyse
diverseMix Analyse
nighttimeWindDominance Analyse N ;
signal “Nuclear’: Int
signal ‘Wind‘: Int
solarToWindTransition Analyse signal ‘Hydroelectric': Int
signal "0il and Gas': Int
signal “Coal*: Int

signal “Solar': Int
surplusAtNight Analyse signal ‘Biomass': Int

solarPeak Analyse

lessConsumptionOnWeekend Analyse

demandSpikeMitigation An:“se

peakDemandPeriod Analyse
frequentlyMoreRenewable Analyse @ satisfiable |

renewableAndSurplus Analyse spec noSolarAtNight =
. s night => Solar == 0@
renewableDominanceStability  Analyse
@ satisfiable |
spec daytimeSolarDominance = !night => eventually [0
@ satisfiable |
spec peakDemandPeriod = peakHours => float(Consumpti

IERDOMICH D Analyze ZV U v I T B L. IREND 1« Y RODBRTEINE Y, ChEFEALT £
ZRUYY R TIRR—b « TZX=23Y - REBERC W T EIERARBIHRZ X V%2
BTEEY, X277 (ThbhE. ERZHEBRVEERCRE) OFESIE. KD DIC cenerate RE U HE
RS, Generate with LLMDO—RL X EHROBEEEZ RILE T,

T ZIE IREETZRZV T T 3ICIE. ROy AT 2D 5 Monitor Z3&ERL. EZRU VT T3T
— BT 7AILEEIRLT. Run AnalysisZ2o w2 LET,



energy.lilo = Lilo Spec Analysis X

Analyzing spec: renewableDominanceStability

Monitor v = Run Analysis = Save Analysis

Data File
Project file path

romania.csv
» Show advanced options

<> Full Range v Drill Down

@ Signal [FEE3

T true I
3836.4 4795.6

BITOBRIRTENE T, BVEEIL. ARV ETHIFEHMERLET, RKERT—ET71ILD%5

PAN

G, 7= IMEORERDANRIEINE T, IEHNHIRFATHTHIIERZ LD LKERTBICIE. RT
Y hEFRLTDOrill Down ZZ U w2 LE T,

€ Full Range v Drill Down

& signal

rff false |

0.0 3836.4

0 &false
4260.7 4278.3
= renewable > nonrenewable

5181
3743.0
i | 3071.0

ZlDEJ@

4243.0 4260.7 4278.3

=& moreRenewable until !haveSurplus

o s fatse
4243.0 4260.7 4278.3

=] renewable > nonrenewable

5181

‘ 3743.0 ‘
f | 3071.0
2108Ja

4243.0 4278.3
& !haveSurplus
v

4243.0

RUILRIUIE TNV TV —Z2RRTBEDIC. FEBT—RY —ZADFTRITNEVWEIT AV b E
BIRLE LT, Chid. IR2EOE=ZR2U Y IRROV I —2Z2RTLET, &/ — RO
TIIBEATEET, RALFIVEICA—VIieGhbtEd . YTHOERI A LZ1 > TEET ZHEE

HEPFARTINE T, FTLSAVEICA—VILEEDEDZ L. ZOYTROZORATORBRIEE
IR THBEHDHANRTINE T,

C DL S BAEEENTIL. Save Analysis REAVE VUV ITBETHRECETETD,



= energy.lilo = Lilo Spec Analysis X

Analyzing spec: renewableDominanceStability

Monitor v~  Run Analysis | Save Analysis

Data File
Project file path

romania.csv

7OV FRTRTZRET 2 HMERRLET,
RESNIBEFIE. BETBIERDOT ORI T —Z XA FNARILCKRTENE D,

solarPeak Analyse
solarToWindTransition Analyse
lessConsumptionOnWeekend Analyse
demandSpikeMitigation Analyse
surplusAtNight Analyse
peakDemandPeriod Analyse
frequentlyMoreRenewable Analyse
renewableAndSurplus Analyse

renewableDominanceStability  Analyse

'Y wind-dominance-problem

Btha 17

GUIISTEEDB Z T R— b LTWET :

1. Monitor
RBBRINTC ATLDERENIFRER/ILTVBRHESDZFIVvILET,
AN

« Signal Data : BFR%|7—2EZ L CSV. JSON. F£7IFJSONLT 71 )L
o CSV:IFINYR—IT T IR E—HTINELHBDET
o JSON/USONL : U FINBE—HIT2F—%Fo>4T ok

o Parameters : NS X—REZZFLISONAF T U b

e Options : EZ XU VIRTE (EZRI>ITF T3 EBHE)

=P



o BEEBICHSARORRETRTEZZV IV —
o FTRKANDRVUILATY
o JUFILEDREI

#l :
{
"min_temperature": 10.0,
"max_temperature": 30.0
}
2. Exemplify

R/ IHD L —RZERLE T,
AR

» Number of Points : 43 3R> FDOE (F7#JL ~ 110)

Timeout | £RRICEYTRARRE (F74JL b~ 58)

e Also Monitor : £ SN L —XDEZRU TV ) —HRRTZHESH

o Assumptions . VILN\N—DEITRIBMOFHIIT. TNENISEREL AL (Hard £ 7= 1Soft)
MMEEET, REEBBELANILOFRICOWVTIE. AR RBIREMEEBBLTIET L,

A
o« BRI LTERSNIY T FILT—4

o TAlso Monitor] B RIBEDA T a>OEZZ) VTV —
o AR EINIT—HDCSV/JSONIT Y XKR— b

A—RT75—2X:

o BMBEIMENCDLSHBLONEEMRT S

e UFIIBTF—RTMHMOIOAVR—RbETARTS
o TANT 4 URAF ¥ DIER

o IRHIEBEMRELRTZCERIET S

3. Falsify

NEBETIIWEFEAL T ARICERTIRAZEELE T,
IR -
o specforge.toml ICRBHERR V) T 2B {IT 30BN HDXT !

[[system_falsifier]]

name = "Temperature Model"

system = "temperature_control"
script = "falsifiers/temperature.py"

RAFERZZVTrOTORIIL
AV T HERODARY RSA V5| BZ2RITWMD FT !

e --system : YZXFL%

« --spec :fttx%

e --options : A S 3> EEFTLISONXFT

e --params : /NTX—REZSLISONXFS
e --project-dir : 7OV IV MIL—FADI/INR

27 P MIUATEITSHERHDFT !
1A ST RTFLEYIaL—FT3
2.AKICER T B L —RERET S
3. M EFIIRBOWTNATELWERDJISONZHE AT S

AN



« Falsifier : {RESNIRAUERY —ILH5ER (ROYFLTY)
« Timeout : REHFROTRAERE (T 7 +JL b 1 240%)
o Parameters . /NS A—R{EZSFLISONA TS o b

Gepa

o REIBROHD oTIHFE !
1LRMLT b L—RE2TR 9 RORERER
2. RBEIDBEEE=RU VY
3. ERERNKK Y BRI/ A EDREN
o ROIBROHDSBDSTIHE | HHIXvE—2

ROV T IHRITERETHD 2R L T REL !

chmod +x falsifiers/temperature.py

4. Export
Rz ORI ICERE L £,
IV RKR— bR

e Lilo: A7 a3 oZHEM4S . LLlo R LTI IRR—K
o JSON : ¥R DJSONFKIR

AN

o Export Type : X—4"vw % EIR
o Parameters : /NS X—RfE (LU AR— MMIRERIBE)

A

o BREINAFEHTIV RAR— b ETnicfiik
o JF7AIIURETEEY

A—-R5—X:

o DY —ILEDFHEE
o RFaxXyh&ER
o« HEDT—HAT

5. Animate
EfEDBB L L BICAROEEERT T X—2a Y EERL £,
AN

e SVGTemplate : 7L —RKRINA—ZELSVCT 71 ILAD/INZ

« Signal Data : BFR%|57—X 2L CSV. JSON. F£7IFJSONLT 7L

o System Parameters (77> 3>): S ATLDINTXA—31E, JSSONTF7AILEFA>F1 >
B LTRMELF I, Lo AT LEEAD paramn EEICEEZHEIEL £,

P

o PRFTLDEETRT T L —LIT EDSVGEITR
o VIX— a3 bINIRBEICHAEDOEZENTEZXT

SVGT>7L— MR :
SVGTF>TL—hIZiE. YT FILED data- BEZSHZHBELHD F I, f:



<svg
xmlns="http://www.w3.0rg/2000/svg"

width="100"

height="100"

viewBox="0 0 40 40"

role="img"

aria-label="Transformed ball"
>

<rect width="100%" height="100%" fill="white" />
<g transform="translate(0,50) scale(1,-1)">
<circle cx="20" data-cy="temperature" cy="0" r="3" fill="black" stroke="white" />
</g>
</svg>

CDOFITIE. <circle> BRD cy BIIE. data-cy="temperature" BHEEDEHIIFT. temperature >
TFILDEICL>TTZ A= 3 b ET,

TRV ITX T3y
Monitor £ 7=lZFalsifyBT = R1T T BIRIC. ROA S a V@R TETHT !

o Time Bounds : E=4 ) >4 #45E O BRFREEEH | HIR
o Sampling : FFEfRRE = %

« Signal Filtering : ED> I FILDAHZE=ZZ U Y
o GBMOA TS 3 »HFIERERIZENH 0 )

HROERE

EZHVTVI—
EZZUIIVI)—ICEUTHRREINEY ¢

Root | £ ARMRKROER (B/H/FEH)

o Sub-expressions : TEFENE X IIBTHIERERVILETY

Timeline : FEDXICH—VILEZEHLET. WOE/MATHIH TR
Highlighting : 71—V LZ&he3 L, BET3LJ XY M BARRINET

€ Full Range v Drill Down

[SRSEUEN result )

R v v &false
4243.0 4260.7 4278.3

& renewable > nonrenewable

5181
3743.0
! | 3071.0
ZlD&J@

4243.0 4260.7 4278.3

& moreRenewable until !haveSurplus
o + false

4243.0 4260.7 4278.3
=] renewable > nonrenewable

5151‘

3743.0

3071.0
21esJo
4243.0 4278.3

& !haveSurplus




RESNT-BIFDOFRHAHS
RESNT .analysis.sF 771 ERC . ROZEHNTEET ¢
o TOREZHERT S
s ALRETHNEBRETIS
o NIX—REZZBELTHEETITS
o REITUVRKR—F+T3

B IT 4 2—IE. X1 YOBHGUIEEILT Y2 —TJ 1 —R%#RBELFITH. FRESNLRETEHIC
ABTEINTVWETD,

BRIET7 7L TY, BFZZEBELIISEIE. RETIVELNBD XY,

TROT7s BV T =+

ARRT—RARA VDT AIINE—Ry I RZFALT. RRINZ3AHRERDACENTEEXT, B
RO T)IF. R, docstrings TA )7 RICHTBETFRMERE, HAZLT 4 —ILRICHTE%
HORAEOEICTZENTEERT, HRIE. I )IF priority:>10 reviewed:true

owner:"ops" DEDICTBENTEFET,

JTVEBOARICOVWTIE, AHREROFFa XY bZEBRLTIEE W,

Jupyter/ — F v UG

HLRERMEREIC I, Jupyter/ — kT U TSpecForgeDiERERTTB-HD/ —~TvILVAS—HE
FNTVETD,

TIT4R—23Y
LY S—IERDBEICBEMNIC T T TIChRDET ¢

o Jupyter/—bt7w¥ (.ipynb 77IL)
o VSCodexfsEE!IPython + > K

Python SDKTDEFR

SpecForge Python SDKZEA T 3156, BRISBEINICL Y ZU YT ENnET !

from specforge import SpecForge

sf = SpecForge()
result = sf.monitor(
spec_file="temperature_control.lilo",
definition="always_in_bounds",
data="sensor_logs.csv",
params={"min_temperature": 10.0, "max_temperature": 30.0}

)

# resultid/— 7w o TEBMNICLOAZ ) VI ENET
result

ARy B

LERMRE X, —ARAIZSpecForget®fE (monitor . exemplify. export) D7c&®DPythond—RX=
Ry b ERHELET, XZRY MEEADLTTabF—%2#HT . FL—XRIE—FBALTHEYS —
FTEET



FSTNDa—FTa2T

HEREREDBIEL B L

SpecForgetf —/N\—ZFEEEL TS EE WL ©
o U—N—DNRITHTHZI %R LET (SpecForgedtzwy b7 v THBHR)
o REDAPl base URLB Y —N—r—HTBc #HBALET
o H—N—OJTIS—%MHRLET

SEY—N—zBEEHLTES L

e« XYY KNLw bkH 5 SpecForge: Restart Language Server #E{TLE T
o THHI NI (Rx—>HBH) #EEL. RO IHTUH5 ISpecForgel ZFEIRLET

PHHIRTINEL
EFEFUA-LTESL:

o 77MIERELET (Ctrl+S/Cmd+S)
e J7MINERHLTEEREEY
o EEY—N—%BEELEY

H—N—FREREEL T TV

o AT—RAN—TERAT—HRZHERLET
o RESNIURLTH —N—ICT7IERATEBEMELETY

A—-FRLYXHPRESNEL
REEMELTC RS

e VSCodeTOA—RLYADEMIHR>TWVWS I XMERL £ : Editor > Code Lens
e J7MINERELTIO—RLYADHEENIA—LEY

IS—%ERALTLIEET L

o BT RN TS —FFBIS—=2RLET
o I—FROFWRIREBELEY

BEITCUIDGRAA Fhiz L
webviewZ SR L TS EE WL :

o BAREBEY—IEBEITET  ALT > EREV-ILOYIDER
o AVY—IIARTTIS—%ELEY
o webview iframehFRAAENHE SO ERBLET

H—N—EHREMIAL T ET L

e APlbase URLAIELWZ ¢ #HEEELE T
o JTUHTURLZTRMLET (USONIGENRRENZIETTY)

REURRER IV T LT S5—
ZIVTrOEY Ty TERBLTI SV

e specforge.toml DRI UL RNIXEMRLET
o RUUTEHRITHRETH B e ZHEFELET © chmod +x script.py



o BIDFIMTRI ) I hEZFENTTRAMNLET
ROV T HDZEREERLTSEES W .

o 27T MIBMBISONZHANTZHENBD &
o ELWERFEXZERLET (FalsifyzBR)
s IZ—XyE—CORDICAIV T O ZHELET

—HREY % RRE

e ENOENT : RIZUTRT7AIDREDOMID FHA (NXZFESR
e EACCES : RZ U T MHRITORETIEH D £ A (chmod +x ZEIT)
o BT S — I EHRJISONES (R T AR % ERR)



SpecForge Python SDK

SpecForge Python SDKIZ. SpecForge APIXEE L. FEARKDE=ZR ) VI, TZX—=> 3> TV
AR—b. BELUVHIRZETREICT BTHDSDKT T,

PythonIRIETDSDKD 1 > X b —JLEBREICDWTIE. Python SDKOtw k7w FHA REBRL T
2E W,

D199 R2—F

from specforge_sdk import SpecForgeClient

# U472 Ok, RITFOH—N—ZBEBNICKREShET
specforge = SpecForgeClient()

# APIONIILZAF T v (EGHERR)
if specforge.health_check():
print("v SpecForge APIIC#EGIL EL7=")
print(f"API/N\—3>: {specforge.version()}")
else:
print("X SpecForge APIICEHZTETEEA")

H— N—ADIELE

specforge = SpecForgeClient() DK SICTIFSA T AT FEBET S . SDKIE
localhost ETEITHDSpecForgetr —N—ZHEL £7. ChHALEELLBRVFEER. H—N—DED
BRRATRITEINTVLBIESIE. BYIZRURLEFSE L T specforge =
SpecForgeClient(base_url="...") ZE{TF B T. base_url NFTX—ZZBHRMICIEETET X
ER

specforge serve AY Y RTH—N—%EHERTLLEES. FAINZIR— FESEIREZHY
SPECFORGE_PORT M. F7=lET 7 4L hR— b D 8080 ICH D £9, ¥ —/N\—HVSCodedhsRiaEIC &
STEEBINTVWRHE. R— ESIXHEEAICIE specforge. preferredPort THD. SpecForgedh
REEED R T—RAN—ERH SR TIXT,

F e
SDKIZ. SpecForgeDEEBAREREANDT I/ ZAZRMELET !

« EZARAVVY  FT—RICHLTHEREFT VY

o RREFHEM: k. 1> S A R TRV RTFLLEDRBARENESHEF T VY
o UMY S XTLDREDD L THEE IGRXHEEBRIENE SHEF T v D

o FEHEY: 20 DEREIERHDRIBNICEEBHNE SN EF VY

o P A= ay: BRIIDERL & (ER

o TVRR—b: tFEEEARZIFAICER

o BIR: ARRERBLTH Y FILT—2%4ER

e BE BRBRIIUAEFE->TTOY T FRDEKREZRE

o WL 30T VIC—BIZEHENMNBOIIVICH—T D L 2 HER

F*aX>hk

SHENBTE/ — T v sample-project/demo.ipynb ZZEL IV, UTORBMNEENTULE
CI



o FEMLERG
« Jupyter notebook ¥ DA
o NRRALL VA VT HEEE

APIXY vy R

SpecForgeClient(base_url, ...)

SpecForge APIV 514 7> FEHIEMEL £,
NFA=A:

o base_url (Optional[str]): SpecForge APt —/\—|ZIEHI TE S X—XURL, @EEI
http://localhost:8080 T, IBELAWEE. SDKIFH—N—0BE#&EHZHAET

« project_dir (Optionallstr | Path]): # F>3>DFOSTo FFo LY MUK, EELBWVWES
A, ALY RFa LI R)DS specforge.toml ZIREL X T

e timeout (int): VOIXMDRALTT S (74 K:30)

o check_version (bool): #MIEALEICN—Sa Y DR—BEFTvITEIHEDHD (FT74I b
True)

fl:

specforge = SpecForgeClient(
base_url="http://localhost:8080",
project_dir="/path/to/project",
timeout=60

monitor(system, definition, ...)

TR L THERZE=Z R VI LEY, FMEEREA T a Y TANIPRAA MY IR F
ER

EFHBNFRA—&:

e system (str): EBZEOI AT LA
definition (str|None): E=4 1 >F ¢ 3HEDLRAT. None DBA. ¥ XTFTLRADFTATOMLE
BE—EICEZRUVILET CRTLEEODE=ZZ) VYY)
data_file (str/Path): 7—& 7 71 JLD/YX (CSV. JSON. F7=IdJSONL)
o data (list/DataFrame): E#Z D) X ~ £7:zl¥pandas DataFrame& L TOEHZET—4X
o FE: data_file £7zld data DVLTNIMDODAZIEEL T T L
e params_file (str/Path): X T LINTA—=RT7A1ILDI/NR
o params (dict): FHEX LTOEEI XTL/INTXA—4
o XE: params_file £7cld params D53 E5RAKIDEIEEL T LTV
e encoding (dict): LOA—RI>O—F« VIERTE
+ verdicts (bool): FHMilIEEREZH S (77 #JL k: True)
o robustness (bool): ONX R XEFESHD (T 7 =)L I: False)
e partial_data (bool): T—ARHB L X TLATESINAEIRTOESESERVEETH, =4
D> %FALEYT (F7HIb:True)s BRICT 8. T—RICBRWMESIEIZ—DRER Y &%
57 FHELTHERONET, INTOESOEZT—FICEHB L EHAICT BICId False IS

RELET
e return_timeseries (bool): TrueDifEE&DataFrame%iR$. FalseDIFEEISONERT (F 74/l
k: False)

definition=None DFE. EZX—IET AT LRDIRTOEFEFREINAT—2ICT L TEFML.
BEREFCLOHTRLET, PATLLHTEDEHENER L. EOEBRIRERIE TIEPBEBTZID
ICIRIIBET,

-



# T—RIFPAINENFTA—=BIT7AILTEZR) VY

specforge.monitor(
system="temperature_sensor",
definition="always_in_bounds",
data_file="sensor_data.csv",
params_file="temperature_config.json"

)

# T—RI7AINENTA—BEETEZZI VY

specforge.monitor(
system="temperature_sensor",
definition="always_in_bounds",
data_file="sensor_data.csv",
params={"min_temperature": 10.0, "max_temperature": 24.0}

)

# DataFrame TEZ=®'J>J L. #&R%ZDataFrame& L TEUS

result_df = specforge.monitor(
system="temperature_sensor",
definition="temperature_in_bounds",
data=synthetic_df,
encoding=nested_encoding(),
params={"min_temperature": 10.0, "max_temperature": 24.0},
return_timeseries=True

)

# ONX bRBIRGSTEZRU VY

specforge.monitor(
system="temperature_sensor",
definition="temperature_in_bounds",
data_file="sensor_data.csv",
params={"min_temperature": 10.0, "max_temperature": 24.0},
robustness=True

animate(system, svg_file, ...)
. T—4. SVGT I L— B T7ZX—= a3 Vv EERLET,
FHRNTA=4A:

e system (str): PZXA—>avERESUIATLA

e svg_file (str/Path): SVGTF YL —kT771ILD/INRX

e data_file (str/Path): T—&X 7 71 IJLD/NRX

» data (list/DataFrame): 20 ') X k £ 7cldpandas DataFrame¥ L COEHET —4
o FE: data_file £7zld data DVLWTNIMDODAEIBEL T TV

e params_file (str/Path): ¥ RTFLINTAXA—ZDEZSLISONT 71 ILDI/XR

o params (dict): HFEL LTOEHESATLINTX—4
o ¥E: params_file £7zld parans DS BB AKIDEIRELTLETWV

e encoding (dict): LOd—RI>IO—F+1 VIHRE

e return_gif (bool): Trued¥HmE. base64T > 1— RENT-GIFXFFI%#IRY (F7 #JL k: False)

o save_gif (str/Path): GIF7 71 ILZRFT DA S a>D/INR

fl:



# JupyterT7ZX—> 3>V 7L —L%ERTE
specforge.animate(

)

system="temperature_sensor",
svg_file="temp.svg",
data_file="sensor_data.csv"

# TZA—=2aVECIF7 7ML LTHRE
specforge.animate(

)

system="scene",
svg_file="scene.svg",
data_file="scene.json",
save_gif="output.gif"

# GIFF—A%baseb4XFHr L THE
gif_data = specforge.animate(

)

system="temperature_sensor",
svg_file="temp.svg",
data=synthetic_df,
encoding=nested_encoding(),
return_gif=True

# YRATLNTA—BZIBELTTZX—> 3 V=R
specforge.animate(

)

system="temperature_sensor",
svg_file="temp.svg",
data_file="sensor_data.csv",
params={"temp_threshold": 25.0}

# ITT7AINDONTA—REFRHFAATT ZX—> 3 Y EER
specforge.animate(

system="temperature_sensor",
svg_file="temp.svg",
data_file="sensor_data.csv",
params_file="temperature_config.json",
save_gif="output.gif"

export(system, definition, ...)

ik ERERZ T +—< v bk @ LILOER) ICTIRR—bLET,

FBNSA—A:

-

system (str): EEZSUL AT L
definition (str): TU XKR— b§ 3 D%E
export_type (dict): T ZKR— bERDERE (77 #JL b: LILO)
o SA TS TEZIMNTLS EXPORT_LILO . EXPORT_JSON . EXPORT_RTAMT OWL\Ehh %
FERALEYT
params_file (str/Path): ¥ XTFLINTX—RT71IJLDI/NA
params (dict): FEFRX CTERIEE SN XTLINTA—4
o 3¥E: params_file £7zld params D3 BB KIDEFI/ELTL TV
encoding (dict): LO—RI>YOA—F1 VIERE
return_string (bool): TrueDIFE. TIRXKR— FENTEXFF %KY, FalseDHEISON%Z KRR
(F7 #JL b: False)



# LILOERICXFFIE LTI RKR— b+
lilo_result = specforge.export(

)

system="temperature_sensor",
definition="always_in_bounds",
export_type=EXPORT_LILO,
return_string=True

print(lilo_result)

# NSA=BIT 7 TIIZAKR—h
export_result = specforge.export(

)

system="temperature_sensor",
definition="always_in_bounds",
export_type=EXPORT_LILO,
params_file="temperature_config.json",
return_string=True

# NIAXA—FEETIUIZIR—b
export_result = specforge.export(

)

system="temperature_sensor",
definition="always_in_bounds",

export_type=EXPORT_LILO,

params={"min_temperature": 10.0, "max_temperature": 24.0},
return_string=True

# JSONFERIC T XK=+ (JupyterTHRR)
specforge.export(

system="temperature_sensor",
definition="humidity_correlation",
export_type=EXPORT_JSON

check_satisfiability(system, definition=None, expression=None,

ced)

H—ftik. 1270 2R FREVIATLEEOREAIEEERELE Y

FBNSTA—A:

system (str): ERZELIXT LA
definition (str| List[str] | None): R&E§ DR AT. £il3LHDU X +
o URMEIBELEESIE. TNS0REBEBLNRERITENESHERELET
expression (str|None): fEETNIEY AFLDIAVTF X M TRET S > 5 VliloT—ILH
o 3XE: definition F7zid expression DS EHEKIDEIEEL T ETWL
definition & expression B'EA EH None DIFE. SDKIZV R FLLEKERELEYT
timeout (int | float): TEAAEMRED X1 LT 7 R (F7 4L k: 30)
return_details (bool): True DIFE. T—ILEORKHL D ICHEELEN/-REATRESEREDL X
RYRERLEYS (F7 =)L False)

Rb{E:

bool : REBAIRERIZBEIL True « £S5 THWBEISL False
return_details=True DIBE. KD2DODF—%#FOHEXRLFT :

o "status": REFHEMREDER, result["status"]["tag"] ZHERT D . XOLTH
HOEICHED £9 .
» "Consistent" - ARIIFEBAIRETY
» "InConsistent" - fARIFFTEFRBET Y, "contents" 7+ —JILRIZIE. REFREEDT
DFHA%RY UnsatInfo 77 U MBS ENET
» "Unknown" - VILN\N— 3R ETREMZHIE TSI FEATLE
» "TimedOut" - VYIN—DEA LTI MLELT, "contents" 7o —JLRIZIETT Y
OMBHNORA LTV NSRS SENET
o "param_situation" :ERICIRXTFL/INSKX—4 (paran BS) HED LS IC/KbNH
EnRLET !
» "UsingDefaults" — VILN—IZTRTDNSAXA—EEZEEINT 7 4L MEICEE
L. TOBETHREEZ/E L. RMICHITINZAETT



= "UnfixedParams" — VILN—IZTRTONSA—2%ZEHHREH EHRL) £ LTHR
WELTe T7 2 MEZFERLRET "Consistent” EWSERDESNAD -1
BEIC. BRERC L TBRELEY

status ¥ param_situation DEMKDH B AAEHEIEIRDEED TY @

o ("Consistent", "UsingDefaults")-/NTX—REESINT 7+ /L MEICBEET S
C. IERKIIFTERIRETY

o ("Consistent", "UnfixedParams") - fI#kIFFTRABETI . NIAX—KXZESENT
T4 MEICEE LB SIETREARETIEH D FHA

o ("InConsistent", "UnfixedParams")—- /NS X—HDEDKSAMEICH LTH. H#kiZFHR
EBFREETTY

f:

# B—DARzRE

is_satisfiable = specforge.check_satisfiability(
system="temperature_sensor",
definition="always_in_bounds"

)

print(is_satisfiable)

# BHOTKRDREEFICKEDIIONE SHZIRE

# GIBELIEROBEENMREINE D)

all_hold_together = specforge.check_satisfiability(
system="temperature_sensor",
definition=["always_in_bounds", "humidity_correlation"]

)

print(all_hold_together)

# NIA—ZD/WERERT B DICFHFERE L AR Y A ZBS

details = specforge.check_satisfiability(
system="temperature_sensor",
definition="always_in_bounds",
return_details=True

)
print(details["status"]["tag"]) # f: "Consistent"
print(details["param_situation"]) # f: "UsingDefaults"7cl&"UnfixedParams"

# PRTLLBERELTT—ILMEZEUR

system_is_satisfiable = specforge.check_satisfiability(
system="temperature_sensor"

)

print(system_is_satisfiable)

# DZATLDAVTHEFRNTA V140K RE
expr_is_satisfiable = specforge.check_satisfiability(
system="temperature_sensor",
expression="always (min_temperature <= temperature <= max_temperature)"
)

print(expr_is_satisfiable)

check_validity(system, definition=None, expression=None, ...)
SRATLDREDH T, B—DAFRERIFA O S1VRDZEMERELE T,
FBNFA—4:

o system (str): EERZSUIRATL. FHEFEAIPERTINZIAVTERNERDZ VT L
« definition (str| None): SEFA S B HEDRH]
« expression (str|None): #8EESNIY AT LDIAYTF R MTHATZ 1> 51 VLliloT—ILH
o X¥E: definition 7ol expression DLVTNIMDDAHEILEL T LIV
o timeout (int|float): ZYMBRED XA LTI M (F7 4L k: 30)
e return_details (bool): True DHE. T—ILEDOKH D ICEEL TN ZHEREDL ARV X
RLEYS (F7#) b False)

RBb{E:

o bool: WRHPZYEIFAIE True. 5 THRUVIESIL False



e return_details=True MIFE. SpecForge APIN SR ENFBEL SNI-ZYUMRBOERZ IR
LEJ, BRICOWVWTIE result["status"]["tag"] . T 7 /L MEZFO/NS XA —ZDFWWIC
DUWTIE result["param_situation"] ZHEERL T 2L,

fl:

# B—OfttrzRE

is_valid = specforge.check_validity(
system="temperature_sensor",
definition="always_in_bounds"

)

print(is_valid)

# DATLDAVTHFRNTA V140K RE
expr_is_valid = specforge.check_validity(
system="temperature_sensor",
expression="always (min_temperature <= temperature <= max_temperature)"

)

print(expr_is_valid)

# BEICIGC TR L AR R Z2B1S
details = specforge.check_validity(
system="temperature_sensor",
definition="always_in_bounds",

return_details=True

)

print(details["status"]["tag"], details["param_situation"])

check_equivalence(system, left, right, ...)
SATLDIREDH E T 2DDEFKEIET > T4 oAD' BENICEEIESHERELE T,
FHRINTA—A:

o system (str): HADBIFINZAVTFRAMNERBZ VAT A

o left (str): 1DBOEFRRBEIEA > F 1 VLo

e right (str): 22BDEHKBFIFA > F 1 ~LiloR

o timeout (int|float): 21 LF7 I h#E (F7 #JL +: 30)

« return_details (bool): True DIFE. T—ILEORDLDICHEEL TN EESEREDL RV R
FRLEYS (F77J)L b False)

RbE:

e bool: 2DDWRHMNEMEDHZEIE True . €5 THLVWSEIL False

e return_details=True MBH. SpecForge APIHD SR I N/-#EEL Shi-FEEMBREDER %R
LET. BRICDWVWTIF result["status"]1["tag"] . 77 2L MEZFRD/NF X —RZDFWVIC
DWTId result["param_situation"] ZREERL T LY,

f:



# 2DOKRFH—HT 3 L =2RE

are_equivalent = specforge.check_equivalence(
system="temperature_sensor",
left="always_in_bounds",
right="always (min_temperature <= temperature <= max_temperature)"

)

print(are_equivalent)

# 1054 >N zlAEDE THRE

are_equivalent = specforge.check_equivalence(
system="temperature_sensor",
left="x > 0 && y > 0",
right="y > 0 && x > Q"

)

print(are_equivalent)

# FHERL ARV REERE
details = specforge.check_equivalence(
system="temperature_sensor",
left="always_in_bounds",
right="always (min_temperature <= temperature <= max_temperature)",
return_details=True

)

print(details["status"]["tag"], details["param_situation"])

exemplify(system, definition, ...)
AREB/II VO TINT—EEERLET,
EHBNFTA—A:

o system (str): EBZBUIRT LA

o definition (str): flIRd BEERDEHE]

o assumptions (list): £EMEHHITIBMDIKRE (F7 AL Do BIREIIKRDEBREFOHET

N

o "expression" (str): EREFICIRE T BLilo T —ILR (F7IIBEEDspec/defD&AT)
o "pigidity" (str): "Hard" £7zI& "Soft" o BRRELANILEBRBLTLETV

e n_points (int): ERTZT—RKR1> L (F7#JL5:10)

e params_file (str/Path): > XFLINFAXA—=ZT7A4ILDI/NR

o params (dict): FHEL LTODEBE I IATLINTA—R
o X¥E: params_file £7zid params DS BERKIDEIEELTL TV

e params_encoding (dict): /XS X—4ZDLIA—RI>I—F1 >

o timeout (int): FIRDEA LTI LW (77 #)L +:30)

e also_monitor (bool): EMENIT—RHLEZZUVTITEIHESH (F7 #JLk: True)

e at_beginning (bool): True (F7zJL L) DFE. FIRBIRVIDEFSTY TICEEER/ALT
L—X%EHFEELEY, False DIFE. EHINE ML —XOEBOBRTHEISEZINTHELEL

Fth. ERADRID SMEHEERBCT L ZRLIEWVWESIE True BMERITY, False lZT 3L
VILN—DBERHEHMNEL. FL—XDOERORRTEAICHE-INS past B X DRHEREF = 1%
HECBEICRIEEY

o fix_defaults (bool): T7 #JL bI& True T9, True DIFE. BIRERIET 74 MEEFDI/INS
X—R2ZZDMEICEEL XY, False DIFE. FImeRidT 7+ MEZERL. NS X—X%ZHH
ZHELTHRWVET, FHFMIINIAXA—2EZTT7AILMEICEES 2ZBBL TV

e return_timeseries (bool): TrueMIFE. DataFrame%iRd, FalseDiFE. JSONZ KRR (F7
#JL : False)

BRELAIL

ZREICIFBIEEL NI ("Hard" £7zid "Soft" ) BB D, VILN—HZDREZMERIER TSI AL
B LTH|S D BIFE LTRSS A ZHIL £ 9. FLCIRBAIRETRETREZBRLTILE L,

fl:



# 20> 7L OBIEER

specforge.exemplify(
system="temperature_sensor",
definition="always_in_bounds",
n_points=20

)

# N—MMREN S THZER

humidity_assumption = {
"expression": "eventually (humidity > 25)",
"rigidity": "Hard"

}

specforge.exemplify (
system="temperature_sensor",
definition="humidity_correlation",
assumptions=[humidity_assumption],
n_points=20

)

# N—FMRELY 7 MREZHEAEDES
specforge.exemplify(
system="temperature_sensor",
definition="humidity_correlation",
assumptions=[
{"expression": "always_in_bounds", "rigidity": "Hard"},
{"expression": "eventually (temperature > 30)", "rigidity": "Soft"}
1,
params={"min_temperature": 10.0, "max_temperature": 40.0},
n_points=20

)

# WRWBNTA—ZTHZER (VILN-HDREEZIED D)

specforge.exemplify(
system="temperature_sensor",
definition="humidity_correlation",

assumptions=[{"expression": "always_in_bounds", "rigidity": "Hard"}],
params={"min_temperature": 38.0},
n_points=20

)

# FPL—ROBOFRTHERZHLT L zsa (RYDOFATHIEIVEIIHD FEA)
specforge.exemplify(

system="temperature_sensor",

definition="recovery_spec",

n_points=20,

at_beginning=False

)

# Bl%E4ER L CDataFramer L CEUE
example_df = specforge.exemplify(
system="temperature_sensor",
definition="temperature_in_bounds",
n_points=15,
also_monitor=False,
return_timeseries=True

search(query)

REOCT/OCP IV FAT. JTVIC—HIBER (IRPREZEL) Z2BRERLET. JTVOBXEE
BRICOWTIRCH5ZBRLTIEE W,

o IXSA—=4: query (str): REY T XFF|
o EDfH: dict[str, listl[str]] - —ELEEREZXTLILICEFEHT=DHD ({system_name:
[definition_name, ...1})o TIIHRBZEHHD XTI,

validate(antecedent, consequent)

antecedent (Fiff) VT UIZ—HT 3 IR TOMLEED consequent () VT VIZH—HTEINES
MEFTv L. BIFIC—EHT 3D EHEFIC—HLBVMERZ SO ATLZCICEFCH TRLET, Chik
SpecForge CLIDTRAEEEE & [F—DIEEET 7%

INTGA—=A:



e antecedent (str): BifFD U T XFF|)
e consequent (str): DU T XFF|

BED{#: dict[str, list[str]] - BIFIC—ET BHERHFIC—BLBRWVEERE. SXTFTLILICEFL®D
7=b®D ({system_name: [spec_name, ...1}). ZEDEHEIIRIEHNRIILIZEZEKLET,

fl:

# priorityHM50&k D REFVTARTOMERRIC todo FRILIMFVWTVWBR L EF T v
offenders = specforge.validate(
antecedent="priority:>50",
consequent="label:todo"
)
if offenders:
print("Validation failed for:", offenders)
else:
print("Validation passed")

list_defs(system, specs_only=False)
EBESNELIOY AT LRD TR TOEEE—ERRLET,
INTGA—A:

o system (str): EEZ—EXRTRI BLilo>XTL
o specs_only (bool): TrueDIFE. MMOEERZMREIAEDAE—BERRLET (F7#/L b: False)

RED{E: str O list - ERRAD—E

fl:

>>> specforgeClient.list_defs(system ='temperature_sensor', specs_only=True)
['temperature_in_bounds"',

'humidity_correlation',

'emergency_condition',

'recovery_spec',

'always_in_bounds"']

health_check()
SpecForge APILFIBEIRETIHE L TWBAHESHEF T Vv ILET,
RD{E: bool - APINEERZETrue. ENUNDIFEFalse

fl:

if specforge.health_check():
print("v SpecForge APIICEEGILEL7=")
else:

print("X SpecForge APIICIEGTIEHA")

version()
APIH—N—DN—2 3> SDKN—2a v ZEBELEY,
RED{#E: "api" ¥ "sdk" OF—%FD dict

-

versions = specforge.version()
print(f"APIN—3>: {versions['api']}")
print(f"SDK/N—2 3> : {versions['sdk']}")



X7 71 IV

o % .lilo 7L
e ¥=—4#&: .csv, .json, .jsonl Z7TIL
o AIMRML: .svg 77Tl

VEERM

¢ Python 312+
e requests>=2.25.0
e Urllib3>=1.26.0



ftixmE=EI T

SpecForgeld k2 BB I 27D DY —ILE LTERFETNTH D Ffttkicdocstring. SANJL. T 1
TAHARLT 4 =)L RTERERMTZ N TEFET, SpecForges X7 LTlE. CLI. VSCodellh
SRIEBEDH A R/N—. FT/ldPython SDK®D search XV v REFEHALT. BET3EEEBVEHLES
ZENTEET

I T DB LB
HEBRRIT. GitHUbEZEESCPLIQEICEM Lo T EERZFERAL 9,

docstring P ERBICE I HVEVWERREIIRLE—HIRR. BET7r—ILFOLE. SRNILICLZT
AIWBRI)VT, BLUVERBOD 7 IWEZ—DT—IEEEFR—ELTWVWET, RRISBET 1+ —ILREZE
BLTY—hrE32HTEET,

BAHX

HVEVHRRLRE—BOTF X MRER

TEFRALZFERALTEFRZRETZICIE. JTUEEBEANLET, FZIE pump WS ADIIXHLT
&, &A1, T 7R, F£/:=lddocstringl pump Z ST AEREHREL X T,

FI7AIETIE. TEIMRRIEHVEVRETY, R2—BRRETSICIE. 5|BAFMEFERLEY
(2 "pump" o

BEOHVWEFVRREBFIIRE—BREE (AR—IATEYTSNEDD) HHBFEE. 7T UIECh
S5OUTYDOHRBME LTHIREINE T, FIXIX. 7TV tube "pump" lE. tube ICHVWEVW—HT S
N "pump" ICEE—HT BAAEKIC—RLE T,

71 =L FICx s BdisE
DT TIE ARRLT—IILRDEICEDC 74 ILR—%ZIBETEET,

o B : priority EWSEFID T 1 —ILRHAHBIHS. priority:>50. priority:>=50 R D
JIVZEL LD TEETY,

o Efff : BooleanB D 7« —JL K reviewed i'#H B3HE. reviewed:true £7=iZ
reviewed:false L EL W TEXT,

o XFH: XFHBRDT 1 —IL K reviewer ZBHR T BICIE. reviewer:Sam F7zlE
reviewer:"Samwell Tarly" ¥ E W TEET,

e AVAFFVR:: BEEZFHLTAVA IS IREBETEZEHTEET, CNETSICIK. B
EEODIVA NS IRDENC # 2417 E T, Bl color:#Red

R

JT)TIE. FRIVEFRALTIAIINEZI T T EHRIRETY, FlZIEL. label:todo I todo TN
LEFODIRTOERIC—HL £,

AT

JTTIE AEDPB TR VRATLICETWT IR VT TR eHTEEY, AR
system:engine I& engine ¥ X T LARDAKICOAHF—EL £, system:cooling: :pump D& S A 1EL
LHEIEETZEDHTEET,


https://docs.github.com/en/search-github/getting-started-with-searching-on-github/understanding-the-search-syntax
https://github.com/gajus/LIQE

&R

depends-on: X ZFERAT 3 L. AHROERICERAINTULSMOMLER. def. signal. paramiZE3 L)
THKEE T4 IILZU VT TEE T, HIZIE. depends-on:pressure |F pressure ¥ L) Ssignal (F7zi
pressure £ W\S&BTDdefPparam) ICIKIFET B ERIC—EL £9, depends-

on:chamber2: :pressure DK SR EMIBEIRE TSI LD TETET,

%, ER. RE. RE2TILEBTNE2VT

is:assumption. is:def. is:spec. is:stub ZfERT 3 L. IFEEZDBEICEOVWT I LA
D> TEEY, CZTDdef l&. spec ¥ assumption TIEHL . def F—T—REFEALTEETN
T-EEERLEYT, XZ2TE. A—H—DREREEEZSIATVAVWSIL—IRILA—DEREIELE T,

WIS

JT)SEEIE. AND. OR. NOT ZfEo/EHO I T OHREBESICEZEAELEDYR— LTV
9, VIVERJIL—TTBICIE FNEFERLET,

NOT BB FIL. - HEEFEFALTEC D TEE Y, HlRIL. -label:todo & NOT label:todo &
EMTY,

BRI AESEDMEON TUVARWES. JIVIIUTOLSIBRENEY | EXEBXOTIL—THZX
R=IATRYSNTVBIHE. HLFVLWTFI MRRFLRL—HTFX MEFFIIHRENZAVTHES
T, MEIIRBB/EAVTEESINE T, HIZIE. tube "pump" priority:>50 label:todo I«
(tube) OR ("pump") AND (priority > 56) AND (label:todo) ¥ LTHEIRINE T, ZDIFH.
(NOT priority:>10) reviewed:true label:important foo bar (&. (NOT priority > 10) AND
reviewed:true AND label:important AND (foo OR bar) & LTHEFREIN 9,

WAREZ

JT)DEREMLAREZBICIFE. sort: F—T—RORICTr—IILR&AZIEELZ T, AIXIE. 2TV
DEREIZ sort:priority ZEBMT D L. #ERH priority T4 — L ROBEIETEREZ SNE T,

FIETHEAREZBICIE. T —ILRBDKEIC -asc ZBML 9, FIXIX. sort:priority-asc i«
WER% priority 74 —ILRORIEBTUEREZ £9, KIS, -desc ZBIMNT 3 LEFIEBTEREZ SN
£F9, T7FILTlE. BREXIKFZIETT,

BHD sort VT EFE->T. FARROEAREZIL—IEZBET R ENTETFET, FflZIE.
sort:priority sort:created_at |&. #&R% priority DEIETIEREX. BRDOZEIE
created_at DMFIETUEREZ £,

WAREZIE. AR—ATRYIZZETIAINRI T IT) e BBAEHEZ e TEET, FIxI.
label:todo sort:priority {d. todo INILEFOMAKEZ T IILE) T L. priority 74 —ILK
THEREZ XY,

¥REE

I DRI RIBNALBEMREEF L TVWBHEERLALVEEHRLIELIEDZH EBVLET, A
ZIE. todo SNILEZFDOIARTOMAERD priority 74 —ILRDS0LDAKEVWHERERLI-WVWEERY
—C‘g—o

validate CLIOY Y RZFES &, I T OBERHIBEHEI TV ORBRICEFNTVWE L ZHRTE
9, LEEDOHIDHZE. F—IFITUTOOAT Y RERTIBZECTHETEEY

specforge validate --antecedent 'label:todo' --consequent 'priority:>50'



K
fiit
RE
&

Ffee UTFDLSIC specforge. tomL ICHEEEIL—IILEIBEE TR DB TEEY (YO b+
) :

[[validation_rules]]
antecedent = "label:todo"
consequent = "priority:>50"

[[validation_rules]]
antecedent "label:blue OR label:green"
consequent "label:grue"

5|87 L T specforge validate ZEfT79 3 . specforge.toml TIREINIIRTORIEIL—ILH
WINET, £7-. VSCodelliBRi%AEIZ. specforge.toml 7 71 ILADE-IhTWAEWREEIL—IL
ICDOVWTHBMICESZRTLE T

—E S NS

bulk-label CLIOAXY Y FZFRETI L. VT UIL—HTIINTOARICINILEBMTET LT, HIX
IE. UTDOT Y RiZ priority 50K D KRFWVWITARTDMEEKIC important SRILEEBMLE T :

specforge bulk-label --query 'priority:>50' --label 'important'

[E#RIC. LFD T RiL label:green £7-13 label:blue ZFHET IR TOMARRIC grue TRILEE
mLzxE9d:

specforge bulk-label --query 'label:green OR label:blue' --label 'grue'



ARV RS R =T 11—

CLICIRBBDRFa XY FHEENTVWEY, specforge --help #RITT 35 L IR TOFAAEERD
YV RHRREN. specforge <command> --help TEIV Y FOFMALHEVAZHEETEE T,

$ specforge --help
Usage: specforge COMMAND [--verbosity VERBOSITY | --verbose]
[-pl--project PROJDIR]

Available options:
--verbosity VERBOSITY Set log verbosity: none, attention, info, trace
(default: info)

--verbose Alias for --verbosity trace

-p,--project PROJDIR Path to the project directory (default: ".")

--stdio Compatibility flag for language-client stdio
transports (ignored)

-h,--help Show this help text

--version Show version information

Available commands:

parse Parse a spec file

check Typecheck a spec file

lint Run fast project diagnostics

analyze Run solver-backed project analyses

format Format a spec file

monitor Monitor a spec file

eval Evaluate a spec file

serve Start the server

lsp-server Run the LSP server on stdio

export Export a spec

streammon Monitor a spec in streaming mode from STDIN
init Initialize a new Lilo project

flatten Flatten hierarchical components in a system
schema Generate a schema or template

doctor Troubleshoot common issues

conditional-inconsistency
Analyze conditional inconsistencies in a system

search Search for definitions in a project

validate Validate that the results of the antecedent query are
contained in the results of the consequent query

bulk-Tlabel Update labels for selected definitions

doc Print SpecForge documentation pages

specialize Preview feature: generate one specialized spec per
finite enum param combination

fill-stubs Fill in definition stubs using the configured LLM

specialize-system Preview feature: specialize a complete Lilo source
project

set-tier Set the license tier

K+aX>k (doc)

SpecForge® RF 2 X > MMINAFVIZEBHAFNTED, BEHAOTEET,

e specforge doc lF. ER—SDITOBBL E BICHAARERR—SE—EBRRLET,

o specforge doc <topic> |&. B—DR—ISEZHHILFET (fl: specforge doc lilo-
language ),

e specforge doc --allld. IRTOR—HEEFZELTHALET,

7Oz k7T L I Y

CLIOTYRIE. 7Oz bFTa LI b) (DED. specforge.toml Z7MILEZETTo LI M)
HIBREDEETA LI M) THIEBELE T, AV RDKEIC -p | --project 7T a3 V%EIEET
BT OO TV T4 LI MNUEIBETEET,



Y EE

—EDCLIOTY i, ABEDFRTC/HDIYY FHNZO—HASA XL EFET, REE (F74/LL) B
AENMAR—FINTHSH, BARERIZOAT VR CIZIBEBRBEINTUVETD,

BISMEENAROT —ILREBEZHD SFIREINE T, RIS SLANG ZEFTEZ_ETERBEZVIDEX
nxvd:

o I

$ LANG=ja_JP.UTF-8 specforge check # HEA:E#%3&H!
$ LANG=en_US.UTF-8 specforge check # ZiE% &4

Lad—-KRI>aA—-5F1>J

W< DH DAY K& RECORD_ENCODING H7AY > K (flat £7id nested) = (FFIF. LO—RK
BOITFIVENTA—RDORBAEEFILET, flat T>D—FTo > Jd. To—ILRENL—4
EERETDHD -s | --separator SEPARATOR =TT ET (FT ALk "),

IVI—F« YIMHEESNEWES. TI74ILMRT 7 UERICE>TRRD £3. CSVDIBEIR
flat . **JSON/JSONLODIZEIE nested **TTo

HMASBEAICOVWTIE. T—RI77MILOEDOL I—RIYO—F4 VI EBBLTIEEU,



cSTNS =T 2TH1F

DoctordD =17

SMTYILIN— (BEHRITCEER) CERTE TLEINPLLMAD T I R R EDREBEZITT 5 I1id.
doctor CLI AV¥Y REERTTEFFE Y, HMICDLTIE. specforge doctor --help #EFLTLE
T,

7aF>DNALNZR

Python SDK%{#M L CSpecForgeZ A4 7> b FA TS U b EVERT BB (Python SDKH A REH
). B—/N—DELL base_url BEETNTWVWBRZEZRE LTIV, H—N—%20O—HIL TR
TFLTWBEAIE. ELWR—FDEEINTVWE CEZRRELTLIETL,

S XFLIZE 2 TE Jupyter/ — k7w 72 ¥ DPythoniREH 5 SpecForgett —/N\—ADU I IR + %
EZITZTOFIHRESNTVIHBENH D £9, Python SDKHSDU I IR MATOF /NN
293L5IC9BICIE. NO_PROXY FRIBZHICSpecForgetr —/\—D7 KL X (G@FI|d localhost) %

BMLTHTLIET L,

import os

os.environ["NO_PROXY"] = "localhost,127.0.0.1,::1,[::1]"

MacOS Gatekeeper

AovA—RLENAFVIEH—RN—=FT1 DYV =D SL4 7 O0—-RENEHDTH 378, MacOS
Gatekeeperh’ /N1 7 DRTEBEIL T ZEERXRTIIHBENHD 9,

r B
\93

“specforge” Not Opened

Apple could not verify “specforge”
is free of malware that may harm
your Mac or compromise your
privacy.

Move to Trash

L - ]

CDIFE. specforgeRT7 7MWV EFHTERITA MU X MIEBMTEE Y, HEICDOWVWTIE. macOS
TOtEYy c7YTHARDIDEI S a»#BRBLTLIET L,

N=23>DF—H

VS Codef3SpecForgelihaEiéat. SpecForge/\w o T R, SpecForge Python SDKi&. BIL/N— 3
VEHEBEDETERITZIMNELNHDET, N—2 3 HA—HRLTLWAEWSEE. VS CodelhsRIERED S
EBEHNKRRINZ A BHDEFT, THUIRD2DDHEOVWTNHTHRRTEET,

1. ) =Z2R=Ih 5xHFi/N—2 3 »DSpecForgez 4V VY O— R ¥ 3,


https://en.wikipedia.org/wiki/Proxy_server
https://support.apple.com/en-us/102445
https://support.apple.com/en-us/102445
https://imiron.io/specforge/releases/

2.9—070—k HEON—J 3 >EFERTIHNENHZHEIE. VSCodeliEgiEZ LUV J L
—RTEEY, TOEDICIE. IT0 X THREEE 2 —% B, TSpecForgel ##&&ELT. RO
IR IUAXZa—D MFEEDN—a>%+1 VX =)Ll (Install Specific Version) #2 1) w &
LEd, 20 VXD SFELEON-I 3 V2 BRLET,

Q EXTENSIONS: MARKETPLACE c .- Energylilo @ & ¢
specforge = Y Energy.lilo
Q 159 def islLowCarb
166 }
SpecForge 46 *Lj 167
3_9 dé SpecForge is an Al-p(?yvered formal ... 168 pip—
Imiron { - "
I Install Specific Version... ag
B Servent-SSR ]

Eduardo de Freitas Aral

® Gerador de estrutura Copy En
Copy Extension ID ]

o)

Copy Link
d
Add to devcontainer.json an
pr
Add to Workspace Recommendations 4
A pr
Download VSIX E

ﬁ Download Specific Version VSIX... we
é 10Z ueT suppuyDem




ZHEERE

TRTDFEBITREZEFRFCIIXELEINEF T, 7+—< v hldKeep a ChangelogicBEWTW&E
¥, LiloldtEv> T v IN—2a U JICEILTWVWET,

v0.5.4 - 2025-11-20

e O—AISTFILT7AILEER

o Docker@lfA751>5 1>

e BEHORVILATY

o ERDIFBERIV b

o VSCodelisRiEE R F a2 X >

o GHCRTHHEARER/NT ) wUDockerf X—J B RFa X2 b

o BBRMTH A EN—DBEEHIN. BRERTRICAEF—ZRTIDLSICADFRLE

xE

o BBRYVU—DF U FILERAB00IC5IE LIFSNELLE
o HRRT—RANTLE2a—HEETIEBRIBDELE

o BV —DEEDL IR T

e VSCodett 1 RNN—DRXZAIJL

o BEMERY AN TOC TV MHAELLNYRILENELSICARDELT:
e O—AIITFILT 71 IILDUXRIE% R

v0.5.3 - 2025-11-14

e WhirlwindY 7—H4 K

e SpecForgeD#A 751> 514tE> R

« EROBEA OV Y TIVYT

o GeminiH L U0llama LLMZONA A4 —HKR— |+

o CLIEERROT Y RICEIRRE Y > TV VI F T 3 »&BM
o REIFRDAFZ KF2 X MIEM

EiE

o HULKREEESR) X b DRIE% R
o EXa-IINEGF—HOIS—ICET I REBFAEEE
e CLIORY RO TV T4 LI MIUDNBETINBLSICHEDELE


https://keepachangelog.com/en/1.0.0/
https://semver.org/spec/v2.0.0.html
https://github.com/imiron-io/specforge/compare/v0.5.3...v0.5.4
https://github.com/imiron-io/specforge/compare/v0.5.2...v0.5.3

v0.5.2 - 2025-11-10

rE

E1E

REURZRD R A LT ~Z60WH 52408 EE

BRI 7ILOIS—8RE

v0.5.1 - 2025-11-05

FLUOKRFa XY MYk https://docs.imiron.io/,

gf PZAXA—2 3 VEERTERLSICHD E LT

7O 1Y b& specforge.toml 7 7ML TRETETZLSICHDELT, 7OV TV FREES
BLTLIZEL,

> X7 L EERS (system falsifier) % specforge.toml TEERTEDLSICAD £LT=
VSCode DItk XA T — R RICEITIERMRREINBZ L SICHRD £ LT,

VSCode T D kR

AR RA VDS RIFRI OOV ERITTERLSICAD E LT

LO—REBE/EFOHRSICTTI2LDRBVWEITS—,

LLMIC &K B EREBIEZ A —H —DVSCodefREICR > TO—HSAM XT3 ESICHRD £ LT
AEBZHOIS—T, ZEADA—FIIH3UUETFOERNFNBINZLSICHRD F LT

S RF LD O—=NILEH (signal ¥ param) (C. docstringZ 5%, BEEERTES LS ICH
DFL7To

AV Y RISONFER DA KRIBICEE SN, SRIFEELTWVWD (BAEBRENH D) RN
£9, FIC. 77 1ILETIEEBL AT LRZFERLEY,

INSA—ARIZnull (JSON) ZHELTTIAINMDONSA—REEHIBFTIEESICHEDEL
T:O

LLMERRERLIE. AR RIBEDTERRICKT L TEREL £75

CL A=z —RANEJa—ILTEHETILSICEFHFINE LT

v0.5.0 - 2025-10-14

M

T 7 # )Lk param : param foo: Float = 42 (I/NTAX—R foo DT 774/l MBYX LT 42 ZF&E
LEd,
RALTI BN :

#[timeout = 3]
spec foo = ...

I¥. spec foo DEMARIDRA LTI EIMICRELET,
H=—N—=|0ZAT7 Y rN=2 3V DF—BUNT B ES,
Rz 527 !


https://github.com/imiron-io/specforge/compare/v0.5.1...v0.5.2
https://github.com/imiron-io/specforge/compare/v0.5.0...v0.5.1
https://github.com/imiron-io/specforge/compare/v0.4.12...v0.4.6

spec no_overheat

& MR 2T (RREDMLER) ZERLE T, AlZEFERA LT, docstringZ A L - REZIRE
$B53A—R70>a>HHDET,
o« KDEWVWRALT I NTORTOBEIT B FZA LTI MLIEEBE. KDRVWEALTIRT
BHETT23—-Kr7023 hHDET,
o LO—RiHE:
o LI—FEH (T14—7Z28T)
o J14—=ILRD/N>,
o INRMEHR L /NZEH.
o KRFEFA®D def. signal. paramiiXfd BELEL,
e VSCode® I— REEE,
o EZa—)L:aA—H¥—I3ETa—I)l (def X type EEDHZEZT) ZEHL. 1>R—bTEF
ED

EE

e VSCode®O—RL YXIF—EIC1DT2BREINZ =D, SORBEOFVWIIARYIVRICHE
DET,
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