function main(workbook: ExcelScript.Workbook) {
    // Helper functions
    function appendFlag(existingFlag: string, newFlag: string): string {
        const trimmed = existingFlag.trim();
        if (trimmed === "") return newFlag;

        const parts = trimmed.split(" | ").map(p => p.trim());
        if (parts.includes(newFlag)) return trimmed;

        return `${trimmed} | ${newFlag}`;
    }

    function removeFlag(existingFlag: string, flagToRemove: string): string {
        const parts = existingFlag
            .split(" | ")
            .map(part => part.trim())
            .filter(part => part !== "" && part !== flagToRemove);

        return parts.join(" | ");
    }
    function dateToExcelSerial(date: Date): number {
        const excelEpoch = new Date(1899, 11, 30);
        const stripped = new Date(date.getFullYear(), date.getMonth(), date.getDate());
        const msPerDay = 24 * 60 * 60 * 1000;

        return Math.floor((stripped.getTime() - excelEpoch.getTime()) / msPerDay);
    }
    function toProperCase(text: string): string {
        return text
            .toLowerCase()
            .split(" ")
            .map(word => {
                if (word.length === 0) return "";
                return word.charAt(0).toUpperCase() + word.slice(1);
            })
            .join(" ");
    }

    function excelSerialToDate(serial: number): Date {
        const excelEpoch = new Date(1899, 11, 30);
        const msPerDay = 24 * 60 * 60 * 1000;
        return new Date(excelEpoch.getTime() + serial * msPerDay);
    }

    function isRealDateParts(year: number, month: number, day: number): boolean {
        const test = new Date(year, month - 1, day);
        return (
            test.getFullYear() === year &&
            test.getMonth() === month - 1 &&
            test.getDate() === day
        );
    }

    function tryParseDate(value: unknown): Date | null {
        if (typeof value === "number" && isFinite(value)) {
            const date = excelSerialToDate(value);
            return isNaN(date.getTime()) ? null : date;
        }

        const text = String(value ?? "").trim();
        if (text === "") return null;

        let match = text.match(/^(\d{4})-(\d{1,2})-(\d{1,2})$/);
        if (match) {
            const year = Number(match[1]);
            const month = Number(match[2]);
            const day = Number(match[3]);
            if (!isRealDateParts(year, month, day)) return null;
            return new Date(year, month - 1, day);
        }

        match = text.match(/^(\d{1,2})\/(\d{1,2})\/(\d{4})$/);
        if (match) {
            const month = Number(match[1]);
            const day = Number(match[2]);
            const year = Number(match[3]);
            if (!isRealDateParts(year, month, day)) return null;
            return new Date(year, month - 1, day);
        }

        const monthMap: Record<string, number> = {
            jan: 1, january: 1,
            feb: 2, february: 2,
            mar: 3, march: 3,
            apr: 4, april: 4,
            may: 5,
            jun: 6, june: 6,
            jul: 7, july: 7,
            aug: 8, august: 8,
            sep: 9, sept: 9, september: 9,
            oct: 10, october: 10,
            nov: 11, november: 11,
            dec: 12, december: 12
        };

        match = text.match(/^([A-Za-z]+)\.?\s+(\d{1,2}),\s*(\d{4})$/);
        if (match) {
            const monthText = match[1].toLowerCase();
            const month = monthMap[monthText];
            const day = Number(match[2]);
            const year = Number(match[3]);

            if (!month || !isRealDateParts(year, month, day)) return null;
            return new Date(year, month - 1, day);
        }

        return null;
    }

    function tryParseAmount(value: unknown): number | null {
        if (typeof value === "number" && isFinite(value)) {
            return value;
        }

        const text = String(value ?? "").trim();
        if (text === "") return null;

        const cleaned = text.replace(/[$,]/g, "");
        const parsed = Number(cleaned);
        return isNaN(parsed) ? null : parsed;
    }

    function getOrCreateColumnIndex(
        sheet: ExcelScript.Worksheet,
        headers: string[],
        columnName: string
    ): number {
        let index = headers.indexOf(columnName);
        if (index === -1) {
            index = headers.length;
            sheet.getCell(0, index).setValue(columnName);
            headers.push(columnName);
        }
        return index;
    }

    function monthKeyFromDate(date: Date): string {
        const year = date.getFullYear();
        const month = String(date.getMonth() + 1).padStart(2, "0");
        return `${year}-${month}`;
    }

    const inputSheet = workbook.getWorksheet("Input");
    const rulesSheet = workbook.getWorksheet("Rules");
    const processedSheet = workbook.getWorksheet("Processed");
    const dashboardSheet = workbook.getWorksheet("Dashboard");

    if (!inputSheet) throw new Error('Worksheet "Input" was not found.');
    if (!rulesSheet) throw new Error('Worksheet "Rules" was not found.');
    if (!processedSheet) throw new Error('Worksheet "Processed" was not found.');
    if (!dashboardSheet) throw new Error('Worksheet "Dashboard" was not found.');

    const inputRange = inputSheet.getUsedRange();
    if (!inputRange) throw new Error('The "Input" sheet is empty.');

    const inputValues = inputRange.getValues();
    if (inputValues.length < 2) {
        throw new Error('The "Input" sheet must have headers and at least one data row.');
    }

    const inputHeaders = inputValues[0].map(v => String(v).trim());
    const inputDateIndex = inputHeaders.indexOf("Date");
    const inputDescriptionIndex = inputHeaders.indexOf("Description");
    const inputAmountIndex = inputHeaders.indexOf("Amount");

    if (inputDateIndex === -1 || inputDescriptionIndex === -1 || inputAmountIndex === -1) {
        throw new Error('The "Input" sheet must contain Date, Description, and Amount columns.');
    }

    const processedOutput: (string | number | boolean | Date)[][] = [];
    processedOutput.push(["Date", "Description", "Amount"]);

    for (let i = 1; i < inputValues.length; i++) {
        const row = inputValues[i];
        processedOutput.push([
            row[inputDateIndex],
            row[inputDescriptionIndex],
            row[inputAmountIndex]
        ]);
    }

    // Preserve existing manual overrides by row number before clearing Processed
    const existingCashflowOverrideByRow = new Map<number, string>();
    const existingExpenseTypeOverrideByRow = new Map<number, string>();

    const existingProcessedRange = processedSheet.getUsedRange();

    if (existingProcessedRange) {
        const existingProcessedValues = existingProcessedRange.getValues();

        if (existingProcessedValues.length > 1) {
            const existingHeaders = existingProcessedValues[0].map(value => String(value).trim());

            const existingCashflowOverrideIndex = existingHeaders.indexOf("Cashflow Category Override");
            const existingExpenseTypeOverrideIndex = existingHeaders.indexOf("Expense Type Override");

            for (let r = 1; r < existingProcessedValues.length; r++) {
                const row = existingProcessedValues[r];

                if (existingCashflowOverrideIndex !== -1) {
                    const value = String(row[existingCashflowOverrideIndex] ?? "").trim();
                    if (value !== "") {
                        existingCashflowOverrideByRow.set(r, value);
                    }
                }

                if (existingExpenseTypeOverrideIndex !== -1) {
                    const value = String(row[existingExpenseTypeOverrideIndex] ?? "").trim();
                    if (value !== "") {
                        existingExpenseTypeOverrideByRow.set(r, value);
                    }
                }
            }
        }
    }

    processedSheet.getUsedRange()?.clear(ExcelScript.ClearApplyTo.all);
    processedSheet.getRangeByIndexes(0, 0, processedOutput.length, processedOutput[0].length).setValues(processedOutput);

    const rulesRange = rulesSheet.getUsedRange();
    if (!rulesRange) throw new Error('The "Rules" sheet is empty.');

    const rulesValues = rulesRange.getValues();
    if (rulesValues.length < 2) {
        throw new Error('The "Rules" sheet must have headers and at least one rule row.');
    }

    const rulesHeaders = rulesValues[0].map(v => String(v).trim());
    const referenceColumnIndex = rulesHeaders.indexOf("Reference Column");
    const expenseKeywordsIndex = rulesHeaders.indexOf("Expense Keywords");
    const incomeKeywordsIndex = rulesHeaders.indexOf("Income Keywords");
    const expenseTypeIndex = rulesHeaders.indexOf("Expense Type");

    if (
        referenceColumnIndex === -1 ||
        expenseKeywordsIndex === -1 ||
        incomeKeywordsIndex === -1 ||
        expenseTypeIndex === -1
    ) {
        throw new Error('The "Rules" sheet must contain Reference Column, Expense Keywords, Income Keywords, and Expense Type.');
    }

    type KeywordRule = {
        referenceColumn: string;
        expenseKeywords: string[];
        incomeKeywords: string[];
        expenseType: string;
    };

    const keywordRules: KeywordRule[] = [];

    for (let i = 1; i < rulesValues.length; i++) {
        const row = rulesValues[i];

        const referenceColumn = String(row[referenceColumnIndex] ?? "").trim();
        const expenseKeywords = String(row[expenseKeywordsIndex] ?? "")
            .split(",")
            .map(k => k.trim().toLowerCase())
            .filter(k => k.length > 0);

        const incomeKeywords = String(row[incomeKeywordsIndex] ?? "")
            .split(",")
            .map(k => k.trim().toLowerCase())
            .filter(k => k.length > 0);

        const expenseType = String(row[expenseTypeIndex] ?? "").trim();

        const isFullyBlank =
            !referenceColumn &&
            expenseKeywords.length === 0 &&
            incomeKeywords.length === 0 &&
            !expenseType;

        if (isFullyBlank) continue;

        if (!referenceColumn) {
            throw new Error(`Row ${i + 1} on the Rules sheet is missing a ReferenceColumn value.`);
        }

        if (referenceColumn.toLowerCase() !== "description") {
            throw new Error(
                `Row ${i + 1} on the Rules sheet must use "Description" as the ReferenceColumn. Found "${referenceColumn}".`
            );
        }

        keywordRules.push({
            referenceColumn,
            expenseKeywords,
            incomeKeywords,
            expenseType
        });
    }

    if (keywordRules.length === 0) {
        throw new Error('No usable rules were found on the "Rules" sheet.');
    }

    let processedUsedRange = processedSheet.getUsedRange();
    if (!processedUsedRange) throw new Error('The "Processed" sheet is empty.');

    let processedHeaders = processedSheet
        .getRangeByIndexes(0, 0, 1, processedUsedRange.getColumnCount())
        .getValues()[0]
        .map(v => String(v).trim());

    const processedDateIndex = processedHeaders.indexOf("Date");
    const processedDescriptionIndex = processedHeaders.indexOf("Description");
    const processedAmountIndex = processedHeaders.indexOf("Amount");

    if (processedDateIndex === -1 || processedDescriptionIndex === -1 || processedAmountIndex === -1) {
        throw new Error('The "Processed" sheet must contain Date, Description, and Amount columns.');
    }

    const cashflowCategoryIndex = getOrCreateColumnIndex(processedSheet, processedHeaders, "Cashflow Category");
    const expenseTypeColIndex = getOrCreateColumnIndex(processedSheet, processedHeaders, "Expense Type");
    const cashflowOverrideIndex = getOrCreateColumnIndex(processedSheet, processedHeaders, "Cashflow Category Override");
    const expenseTypeOverrideIndex = getOrCreateColumnIndex(processedSheet, processedHeaders, "Expense Type Override");
    const monthIndex = getOrCreateColumnIndex(processedSheet, processedHeaders, "Month");
    const flagIndex = getOrCreateColumnIndex(processedSheet, processedHeaders, "Flag");

    processedUsedRange = processedSheet.getUsedRange();
    if (!processedUsedRange) {
        throw new Error('The "Processed" sheet is empty after preparing columns.');
    }

    const processedValues = processedUsedRange.getValues();

    for (let r = 1; r < processedValues.length; r++) {
        const row = processedValues[r];
        const rawDate = row[processedDateIndex];
        const description = String(row[processedDescriptionIndex] ?? "").trim();

        row[flagIndex] = "";

        const dateIsBlank =
            rawDate === null ||
            rawDate === undefined ||
            String(rawDate).trim() === "";

        if (dateIsBlank) {
            if (description !== "") {
                row[flagIndex] = "Date Error";
            }
            continue;
        }

        const parsedDate = tryParseDate(rawDate);

        if (!parsedDate) {
            row[flagIndex] = appendFlag(String(row[flagIndex] ?? ""), "Date Error");
            continue;
        }

        row[processedDateIndex] = dateToExcelSerial(parsedDate);
    }

    for (let r = 1; r < processedValues.length; r++) {
        const row = processedValues[r];
        const rawDate = row[processedDateIndex];
        const rawDescription = String(row[processedDescriptionIndex] ?? "");
        const trimmedDescription = rawDescription.trim();
        const existingFlag = String(row[flagIndex] ?? "").trim();

        const dateIsBlank =
            rawDate === null ||
            rawDate === undefined ||
            String(rawDate).trim() === "";

        if (trimmedDescription !== "") {
            row[processedDescriptionIndex] = toProperCase(trimmedDescription);
        }

        if (trimmedDescription === "" && !dateIsBlank) {
            row[flagIndex] = appendFlag(existingFlag, "Description Error");
        }
    }

    for (let r = 1; r < processedValues.length; r++) {
        const row = processedValues[r];
        const rawAmount = row[processedAmountIndex];
        const existingFlag = String(row[flagIndex] ?? "").trim();

        const parsedAmount = tryParseAmount(rawAmount);

        if (parsedAmount === null) {
            row[flagIndex] = appendFlag(existingFlag, "Amount Error");
            continue;
        }

        row[processedAmountIndex] = parsedAmount;
    }

    // Restore manual overrides by row number
    for (let r = 1; r < processedValues.length; r++) {
        const row = processedValues[r];

        if (existingCashflowOverrideByRow.has(r)) {
            row[cashflowOverrideIndex] = existingCashflowOverrideByRow.get(r)!;
        }

        if (existingExpenseTypeOverrideByRow.has(r)) {
            row[expenseTypeOverrideIndex] = existingExpenseTypeOverrideByRow.get(r)!;
        }
    }

    for (let r = 1; r < processedValues.length; r++) {
        const row = processedValues[r];
        const existingFlag = String(row[flagIndex] ?? "").trim();
        const rawDate = row[processedDateIndex];

        if (existingFlag.includes("Date Error")) {
            row[monthIndex] = "";
            continue;
        }

        if (rawDate instanceof Date) {
            row[monthIndex] = monthKeyFromDate(rawDate);
        } else if (typeof rawDate === "number" && isFinite(rawDate)) {
            const converted = excelSerialToDate(rawDate);
            row[monthIndex] = isNaN(converted.getTime()) ? "" : monthKeyFromDate(converted);
        } else {
            row[monthIndex] = "";
        }
    }

    for (let r = 1; r < processedValues.length; r++) {
        const row = processedValues[r];

        const descriptionText = String(row[processedDescriptionIndex] ?? "").trim().toLowerCase();
        let existingFlag = String(row[flagIndex] ?? "").trim();

        const cashflowOverride = String(row[cashflowOverrideIndex] ?? "").trim();
        const expenseTypeOverride = String(row[expenseTypeOverrideIndex] ?? "").trim();

        let expenseMatched = false;
        let incomeMatched = false;
        const matchedExpenseTypes = new Set<string>();

        for (const rule of keywordRules) {
            if (!descriptionText) continue;

            const expenseHit = rule.expenseKeywords.some(keyword => descriptionText.includes(keyword));
            const incomeHit = rule.incomeKeywords.some(keyword => descriptionText.includes(keyword));

            if (expenseHit) {
                expenseMatched = true;
                if (rule.expenseType !== "") {
                    matchedExpenseTypes.add(rule.expenseType);
                }
            }

            if (incomeHit) {
                incomeMatched = true;
            }
        }

        let finalCashflowCategory = "Uncategorized";
        let finalExpenseType = "";

        if (expenseMatched && incomeMatched) {
            finalCashflowCategory = "Review";
            existingFlag = appendFlag(existingFlag, "Cashflow Unclear");
        } else if (incomeMatched) {
            finalCashflowCategory = "Income";
            finalExpenseType = "";
        } else if (expenseMatched) {
            if (matchedExpenseTypes.size > 1) {
                finalCashflowCategory = "Review";
                finalExpenseType = "";
                existingFlag = appendFlag(existingFlag, "Expense Type Unclear");
            } else {
                finalCashflowCategory = "Expense";
                finalExpenseType = matchedExpenseTypes.size === 1
                    ? Array.from(matchedExpenseTypes)[0]
                    : "";
            }
        }

        const normalizedCashflowOverride = cashflowOverride.toLowerCase();

        if (normalizedCashflowOverride === "income") {
            finalCashflowCategory = "Income";
            finalExpenseType = "";
            existingFlag = removeFlag(existingFlag, "Cashflow Unclear");
            existingFlag = removeFlag(existingFlag, "Expense Type Unclear");
        } else if (normalizedCashflowOverride === "expense") {
            finalCashflowCategory = "Expense";
            existingFlag = removeFlag(existingFlag, "Cashflow Unclear");
            existingFlag = removeFlag(existingFlag, "Expense Type Unclear");
        } else if (normalizedCashflowOverride === "review") {
            finalCashflowCategory = "Review";
        } else if (normalizedCashflowOverride === "uncategorized") {
            finalCashflowCategory = "Uncategorized";
        }

        if (finalCashflowCategory === "Expense" && expenseTypeOverride !== "") {
            finalExpenseType = expenseTypeOverride;
            existingFlag = removeFlag(existingFlag, "Expense Type Unclear");
        }

        if (finalCashflowCategory !== "Expense") {
            finalExpenseType = "";
        }
        
        // Flag unresolved rows after final category is decided
        if (finalCashflowCategory === "Uncategorized") {
            existingFlag = appendFlag(existingFlag, "Needs Cashflow Review");
        }
        row[cashflowCategoryIndex] = finalCashflowCategory;
        row[expenseTypeColIndex] = finalExpenseType;
        row[flagIndex] = existingFlag;
    }

    processedUsedRange.setValues(processedValues);

    const processedDataRowCount = processedValues.length - 1;
    if (processedDataRowCount > 0) {
        const dateRange = processedSheet.getRangeByIndexes(1, processedDateIndex, processedDataRowCount, 1);
        const amountRange = processedSheet.getRangeByIndexes(1, processedAmountIndex, processedDataRowCount, 1);
        const monthRange = processedSheet.getRangeByIndexes(1, monthIndex, processedDataRowCount, 1);

        dateRange.setNumberFormats(Array.from({ length: processedDataRowCount }, () => ["mm/dd/yyyy"]));
        amountRange.setNumberFormats(Array.from({ length: processedDataRowCount }, () => ["0.00"]));
        monthRange.setNumberFormats(Array.from({ length: processedDataRowCount }, () => ["@"]));
    }

    processedSheet.getUsedRange()?.getFormat().autofitColumns();

    dashboardSheet.getUsedRange()?.clear(ExcelScript.ClearApplyTo.all);
    dashboardSheet.getCharts().forEach(chart => chart.delete());

    let hasFlaggedItems = false;
    for (let r = 1; r < processedValues.length; r++) {
        const flagValue = String(processedValues[r][flagIndex] ?? "").trim();
        if (flagValue !== "") {
            hasFlaggedItems = true;
            break;
        }
    }

    if (hasFlaggedItems) {
        dashboardSheet.getCell(0, 0).setValue("Profit Dashboard");
        dashboardSheet.getCell(1, 0).setValue("Please fix any flagged items in the Processed tab.");
        dashboardSheet.getUsedRange()?.getFormat().autofitColumns();
        return;
    }

    let totalIncome = 0;
    let totalExpense = 0;

    const monthlyMap = new Map<string, { income: number; expense: number }>();
    const expenseTypeMap = new Map<string, number>();

    for (let r = 1; r < processedValues.length; r++) {
        const row = processedValues[r];

        const cashflowCategory = String(row[cashflowCategoryIndex] ?? "").trim();
        const expenseType = String(row[expenseTypeColIndex] ?? "").trim();
        const month = String(row[monthIndex] ?? "").trim();
        const amount = Number(row[processedAmountIndex] ?? 0);

        if (cashflowCategory === "Income") {
            totalIncome += amount;

            if (month !== "") {
                if (!monthlyMap.has(month)) {
                    monthlyMap.set(month, { income: 0, expense: 0 });
                }
                monthlyMap.get(month)!.income += amount;
            }
        }

        if (cashflowCategory === "Expense") {
            const expenseAmount = Math.abs(amount);

            totalExpense += expenseAmount;

            if (month !== "") {
                if (!monthlyMap.has(month)) {
                    monthlyMap.set(month, { income: 0, expense: 0 });
                }
                monthlyMap.get(month)!.expense += expenseAmount;
            }

            const typeKey = expenseType === "" ? "Unassigned" : expenseType;
            expenseTypeMap.set(typeKey, (expenseTypeMap.get(typeKey) ?? 0) + expenseAmount);
        }
    }

    const netProfit = totalIncome - totalExpense;

    const summaryData: (string | number)[][] = [
        ["Metric", "Value"],
        ["Total Income", totalIncome],
        ["Total Expense", totalExpense],
        ["Net Profit", netProfit]
    ];

    const sortedMonths = Array.from(monthlyMap.keys()).sort();
    const monthlyData: (string | number)[][] = [["Month", "Income", "Expense"]];

    for (const month of sortedMonths) {
        const data = monthlyMap.get(month)!;
        monthlyData.push([month, data.income, data.expense]);
    }

    const expenseTypeEntries = Array.from(expenseTypeMap.entries())
        .sort((a, b) => Math.abs(b[1]) - Math.abs(a[1]));

    const expenseTypeData: (string | number)[][] = [["Expense Type", "Amount"]];
    for (const [type, amount] of expenseTypeEntries) {
        expenseTypeData.push([type, amount]);
    }

    dashboardSheet.getCell(0, 0).setValue("Profit Dashboard");
    dashboardSheet.getRangeByIndexes(2, 0, summaryData.length, summaryData[0].length).setValues(summaryData);
    dashboardSheet.getRangeByIndexes(2, 3, monthlyData.length, monthlyData[0].length).setValues(monthlyData);
    dashboardSheet.getRangeByIndexes(2, 7, expenseTypeData.length, expenseTypeData[0].length).setValues(expenseTypeData);
    const headerColor = "#e1e7f5";
    
    //bold header rows
    dashboardSheet
        .getRangeByIndexes(2, 0, 1, summaryData[0].length)
        .getFormat()
        .getFill()
        .setColor(headerColor);

    dashboardSheet
        .getRangeByIndexes(2, 3, 1, monthlyData[0].length)
        .getFormat()
        .getFill()
        .setColor(headerColor);

    dashboardSheet
        .getRangeByIndexes(2, 7, 1, expenseTypeData[0].length)
        .getFormat()
        .getFill()
        .setColor(headerColor);

    dashboardSheet.getRangeByIndexes(3, 1, 3, 1).setNumberFormats([["0.00"], ["0.00"], ["0.00"]]);

    if (monthlyData.length > 1) {
        dashboardSheet.getRangeByIndexes(3, 4, monthlyData.length - 1, 2)
            .setNumberFormats(Array.from({ length: monthlyData.length - 1 }, () => ["0.00", "0.00"]));
    }

    if (expenseTypeData.length > 1) {
        dashboardSheet.getRangeByIndexes(3, 8, expenseTypeData.length - 1, 1)
            .setNumberFormats(Array.from({ length: expenseTypeData.length - 1 }, () => ["0.00"]));
    }
    dashboardSheet.getUsedRange()?.getFormat().autofitColumns();
    // create charts
    if (monthlyData.length > 1) {
        const monthlyChartRange = dashboardSheet.getRangeByIndexes(2, 3, monthlyData.length, 3);
        const lineChart = dashboardSheet.addChart(ExcelScript.ChartType.line, monthlyChartRange);

        lineChart.setPosition(
            dashboardSheet.getRange("D18"),
            dashboardSheet.getRange("K34")
        );

        lineChart.getTitle().setText("Income vs Expense Over Time");

        lineChart
            .getAxes()
            .getCategoryAxis()
            .setTickLabelPosition(ExcelScript.ChartAxisTickLabelPosition.low);

        lineChart.getLegend().setPosition(ExcelScript.ChartLegendPosition.bottom);
    }

    if (expenseTypeData.length > 1) {
        const pieChartRange = dashboardSheet.getRangeByIndexes(2, 7, expenseTypeData.length, 2);
        const pieChart = dashboardSheet.addChart(ExcelScript.ChartType.pie, pieChartRange);

        pieChart.setPosition(
            dashboardSheet.getRange("M18"),
            dashboardSheet.getRange("S34")
        );

        pieChart.getTitle().setText("Expenses by Type");
        pieChart.getLegend().setPosition(ExcelScript.ChartLegendPosition.bottom);
    }

    dashboardSheet.activate();
}

