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ДОДАТОК А 

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

Програмний код 

 

 

{ 

 "cells": [ 

  { 

   "cell_type": "markdown", 

   "id": "9f7af830", 

   "metadata": {}, 

   "source": [ 

    "# Покращений метод оптимізації системного ПЗ для вбудованих 

систем\n", 

    ] 

  }, 

  { 

   "cell_type": "code", 

   "execution_count": null, 

   "id": "855b526f", 

   "metadata": {}, 

   "outputs": [], 

   "source": [ 

    "class Task:\n", 

    "    def __init__(self, name, period, duration, priority, 

power, memory):\n", 

    "        self.name = name\n", 

    "        self.period = period\n", 

    "        self.duration = duration\n", 

    "        self.priority = priority\n", 

    "        self.power = power\n", 

    "        self.memory = memory\n", 

    "        self.next_activation = 0\n", 

    "        self.executed_time = 0\n", 

    "        self.total_energy = 0\n", 

    "        self.log = []\n", 

    "\n", 

    "    def reset(self):\n", 

    "        self.next_activation = 0\n", 

    "        self.executed_time = 0\n", 

    "        self.total_energy = 0\n", 

    "        self.log.clear()\n", 

    "\n", 

    "class CPU:\n", 

    "    def __init__(self):\n", 

    "        self.time = 0\n", 

    "        self.load = 0\n", 

    "        self.history = []\n", 

    "\n", 

    "    def run(self, task, duration):\n", 

    "        self.load += duration\n", 
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    "        task.executed_time += duration\n", 

    "        task.total_energy += task.power * duration\n", 

    "        self.history.append((self.time, task.name, 

duration))\n", 

    "        self.time += duration\n" 

   ] 

  }, 

  { 

   "cell_type": "code", 

   "execution_count": null, 

   "id": "8931dfb9", 

   "metadata": {}, 

   "outputs": [], 

   "source": [ 

    "class GreedyScheduler:\n", 

    "    def __init__(self, tasks):\n", 

    "        self.tasks = tasks\n", 

    "\n", 

    "    def schedule(self, cpu, max_time):\n", 

    "        time = 0\n", 

    "        for task in self.tasks:\n", 

    "            task.reset()\n", 

    "        while time < max_time:\n", 

    "            available = [t for t in self.tasks if time >= 

t.next_activation]\n", 

    "            if available:\n", 

    "                best = min(available, key=lambda t: 

(t.duration / (t.priority + 1)) * t.power)\n", 

    "                cpu.run(best, best.duration)\n", 

    "                best.log.append((time, best.duration))\n", 

    "                best.next_activation += best.period\n", 

    "                time += best.duration\n", 

    "            else:\n", 

    "                time += 1\n" 

   ] 

  }, 

  { 

   "cell_type": "code", 

   "execution_count": null, 

   "id": "6f72add0", 

   "metadata": {}, 

   "outputs": [], 

   "source": [ 

    "import random\n", 

    "import copy\n", 

    "\n", 

    "def mutate(task):\n", 

    "    choice = random.choice(['period', 'priority', 

'duration'])\n", 

    "    if choice == 'period':\n", 

    "        task.period = max(5, task.period + random.randint(-

2, 2))\n", 

    "    elif choice == 'priority':\n", 
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    "        task.priority = max(1, min(5, task.priority + 

random.choice([-1, 1])))\n", 

    "    elif choice == 'duration':\n", 

    "        task.duration = max(1, task.duration + 

random.choice([-1, 1]))\n", 

    "\n", 

    "def fitness(tasks, cpu, max_time):\n", 

    "    total_energy = sum(t.total_energy for t in tasks)\n", 

    "    utilization = cpu.load / max_time\n", 

    "    fairness = 1 / (1 + max(abs(t.executed_time - (max_time 

/ t.period) * t.duration) for t in tasks))\n", 

    "    return -total_energy + 2 * utilization + fairness\n", 

    "\n", 

    "def optimize_system(base_tasks, generations=15, 

pop_size=10, max_time=50):\n", 

    "    best_tasks = None\n", 

    "    best_score = float('-inf')\n", 

    "    for _ in range(generations):\n", 

    "        population = []\n", 

    "        for _ in range(pop_size):\n", 

    "            new_tasks = copy.deepcopy(base_tasks)\n", 

    "            for task in new_tasks:\n", 

    "                mutate(task)\n", 

    "            population.append(new_tasks)\n", 

    "        for tasks in population:\n", 

    "            cpu = CPU()\n", 

    "            scheduler = GreedyScheduler(tasks)\n", 

    "            scheduler.schedule(cpu, max_time)\n", 

    "            score = fitness(tasks, cpu, max_time)\n", 

    "            if score > best_score:\n", 

    "                best_score = score\n", 

    "                best_tasks = copy.deepcopy(tasks)\n", 

    "    return best_tasks\n" 

   ] 

  }, 

  { 

   "cell_type": "code", 

   "execution_count": null, 

   "id": "2653db37", 

   "metadata": {}, 

   "outputs": [], 

   "source": [ 

    "import matplotlib.pyplot as plt\n", 

    "\n", 

    "def plot_execution_timeline(tasks):\n", 

    "    for task in tasks:\n", 

    "        times = [t[0] for t in task.log]\n", 

    "        durations = [t[1] for t in task.log]\n", 

    "        plt.step(times, durations, where='post', 

label=task.name)\n", 

    "    plt.xlabel(\"Час\")\n", 

    "    plt.ylabel(\"Тривалість задачі\")\n", 

    "    plt.title(\"Виконання задач у часі\")\n", 
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    "    plt.legend()\n", 

    "    plt.grid(True)\n", 

    "    plt.show()\n", 

    "\n", 

    "def plot_energy(tasks):\n", 

    "    names = [t.name for t in tasks]\n", 

    "    energies = [t.total_energy for t in tasks]\n", 

    "    plt.bar(names, energies)\n", 

    "    plt.title(\"Сумарне енергоспоживання по задачах\")\n", 

    "    plt.ylabel(\"Енергія\")\n", 

    "    plt.grid(True)\n", 

    "    plt.show()\n", 

    "\n", 

    "def plot_frequencies(tasks, max_time):\n", 

    "    names = [t.name for t in tasks]\n", 

    "    frequencies = [len(t.log) / (max_time / 10) for t in 

tasks]\n", 

    "    plt.bar(names, frequencies)\n", 

    "    plt.title(\"Частота запусків задач\")\n", 

    "    plt.ylabel(\"Запусків на 10 одиниць часу\")\n", 

    "    plt.grid(True)\n", 

    "    plt.show()\n", 

    "\n", 

    "def plot_cpu_utilization(cpu, max_time):\n", 

    "    busy_time = cpu.load\n", 

    "    idle_time = max_time - busy_time\n", 

    "    labels = ['Зайнятий', 'Вільний']\n", 

    "    sizes = [busy_time, idle_time]\n", 

    "    plt.pie(sizes, labels=labels, autopct='%1.1f%%', 

startangle=90)\n", 

    "    plt.title(\"Завантаження CPU\")\n", 

    "    plt.axis('equal')\n", 

    "    plt.show()\n", 

    "\n", 

    "def plot_cumulative_energy(tasks):\n", 

    "    for task in tasks:\n", 

    "        cumulative = []\n", 

    "        total = 0\n", 

    "        for t in task.log:\n", 

    "            total += task.power * t[1]\n", 

    "            cumulative.append(total)\n", 

    "        plt.plot(cumulative, label=task.name)\n", 

    "    plt.title(\"Кумулятивне енергоспоживання\")\n", 

    "    plt.ylabel(\"Енергія\")\n", 

    "    plt.xlabel(\"Ітерація запуску\")\n", 

    "    plt.legend()\n", 

    "    plt.grid(True)\n", 

    "    plt.show()\n", 

    "\n", 

    "def plot_task_histogram(tasks):\n", 

    "    all_times = []\n", 

    "    for task in tasks:\n", 

    "        all_times.extend([t[0] for t in task.log])\n", 
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    "    plt.hist(all_times, bins=20, edgecolor='black')\n", 

    "    plt.title(\"Гістограма запусків задач\")\n", 

    "    plt.xlabel(\"Час\")\n", 

    "    plt.ylabel(\"Кількість запусків\")\n", 

    "    plt.grid(True)\n", 

    "    plt.show()\n", 

    "\n", 

    "def plot_priority_distribution(tasks):\n", 

    "    names = [t.name for t in tasks]\n", 

    "    priorities = [t.priority for t in tasks]\n", 

    "    plt.bar(names, priorities, color='orange')\n", 

    "    plt.title(\"Розподіл пріоритетів задач\")\n", 

    "    plt.ylabel(\"Пріоритет\")\n", 

    "    plt.grid(True)\n", 

    "    plt.show()\n" 

   ] 

  }, 

  { 

   "cell_type": "code", 

   "execution_count": null, 

   "id": "78fb2d9c", 

   "metadata": {}, 

   "outputs": [], 

   "source": [ 

    "tasks = [\n", 

    "    Task(\"Sensor\", period=10, duration=2, priority=1, 

power=0.5, memory=128),\n", 

    "    Task(\"Compute\", period=20, duration=4, priority=2, 

power=0.8, memory=256),\n", 

    "    Task(\"Comm\", period=15, duration=3, priority=3, 

power=0.6, memory=192)\n", 

    "]\n", 

    "\n", 

    "original_tasks = copy.deepcopy(tasks)\n", 

    "\n", 

    "# До оптимізації\n", 

    "cpu_orig = CPU()\n", 

    "GreedyScheduler(original_tasks).schedule(cpu_orig, 

max_time=50)\n", 

    "\n", 

    "# Оптимізація\n", 

    "optimized_tasks = optimize_system(tasks)\n", 

    "cpu = CPU()\n", 

    "GreedyScheduler(optimized_tasks).schedule(cpu, 

max_time=50)\n", 

    "\n", 

    "# Вивід результатів\n", 

    "for t in optimized_tasks:\n", 

    "    print(f\"{t.name}: пріоритет = {t.priority}, період = 

{t.period}, енергія = {t.total_energy:.2f}\")\n" 

   ] 

  }, 

  { 
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   "cell_type": "code", 

   "execution_count": null, 

   "id": "21b5097e", 

   "metadata": {}, 

   "outputs": [], 

   "source": [ 

    "def plot_energy_comparison(before_tasks, after_tasks):\n", 

    "    names = [t.name for t in before_tasks]\n", 

    "    before = [t.total_energy for t in before_tasks]\n", 

    "    after = [t.total_energy for t in after_tasks]\n", 

    "\n", 

    "    x = range(len(names))\n", 

    "    plt.figure()\n", 

    "    plt.bar([i - 0.2 for i in x], before, width=0.4, 

label='До оптимізації')\n", 

    "    plt.bar([i + 0.2 for i in x], after, width=0.4, 

label='Після оптимізації')\n", 

    "    plt.xticks(x, names)\n", 

    "    plt.title(\"Енергоспоживання: до і після 

оптимізації\")\n", 

    "    plt.ylabel(\"Енергія\")\n", 

    "    plt.legend()\n", 

    "    plt.grid(True)\n", 

    "    plt.show()\n" 

   ] 

  }, 

  { 

   "cell_type": "code", 

   "execution_count": null, 

   "id": "f329e3be", 

   "metadata": {}, 

   "outputs": [], 

   "source": [ 

    "# Порівняльний аналіз\n", 

    "plot_energy_comparison(original_tasks, optimized_tasks)\n" 

   ] 

  }, 

  { 

   "cell_type": "code", 

   "execution_count": null, 

   "id": "ee21b482", 

   "metadata": {}, 

   "outputs": [], 

   "source": [ 

    "plot_execution_timeline(optimized_tasks)\n", 

    "plot_energy(optimized_tasks)\n", 

    "plot_frequencies(optimized_tasks, max_time=50)\n", 

    "plot_cpu_utilization(cpu, max_time=50)\n", 

    "plot_cumulative_energy(optimized_tasks)\n", 

    "plot_task_histogram(optimized_tasks)\n", 

    "plot_priority_distribution(optimized_tasks)\n" 

   ] 

  } 
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 ], 

 "metadata": {}, 

 "nbformat": 4, 

 "nbformat_minor": 5 

} 

 

 

 


