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public class VmAllocationPolicyNfv extends VmAllocationPolicy {


    private List<Vm> vmLst;
    private List<Host> hostLst;
    private Map<Integer, Host> hostMap; 
    private Map<Integer, List<Double>> hostMapForFitness;
    private Map<Integer, Vm> vmMap;
    private DatacenterCharacteristics ch;
    private static Map<Integer, Host> finalMap;
    private Map<String, Host> vmTable;
    private Map<String, Integer> usedPes;
    private List<Integer> freePes;

    public VmAllocationPolicyNfv(List<? extends Host> list) {
        super(list);
    }

    public VmAllocationPolicyNfv(List<? extends Host> hostsList, DatacenterCharacteristics chara) {

        super(hostsList);
        finalMap = new HashMap();
        hostLst = new ArrayList();
        vmLst = new ArrayList();
        hostMap = new HashMap();
        hostMapForFitness = new HashMap();
        vmMap = new HashMap();
        for (Host h : hostsList) {
            hostMap.put(h.getId(), h);
        }
        hostLst.addAll(hostsList);

        ch = new DatacenterCharacteristics();
        ch = chara;
        setFreePes(new ArrayList<Integer>());
        for (Host host : getHostList()) {
            getFreePes().add(host.getNumberOfPes());

        }

        setVmTable(new HashMap<String, Host>());
        setUsedPes(new HashMap<String, Integer>());
    }


    @Override
    public boolean allocateHostForVm(Vm vm) {

        if (finalMap.containsKey(vm.getId())) {
            return allocateHostForVm(vm, finalMap.get(vm.getId()));
        }
        return false;
    }

    public boolean allocateHostForVm(List<Vm> vms) {

        for (Vm v : vms) {
            vmMap.put(v.getId(), v);
        }
        vmLst.addAll(vms);
        GAToAllocateVmToHost();
        for (Vm vm : vms) {
            allocateHostForVm(vm);
        }
        System.out.println("after vm allocation: " + LocalDateTime.now());
        return true;
    }

    @Override
    public boolean allocateHostForVm(Vm vm, Host host) {

        getVmTable().put(vm.getUid(), host);

        host.vmCreate(vm);
        int requiredPes = vm.getNumberOfPes();
        int idx = getHostList().indexOf(host);
        getUsedPes().put(vm.getUid(), requiredPes);
        getFreePes().set(idx, getFreePes().get(idx) - requiredPes);
        vm.setHost(host);
        Log.formatLine(
                "%.2f: VM #" + vm.getId() + " has been allocated to the host #" + host.getId(),
                CloudSim.clock());
        return true;
    }

    @Override
    public List<Map<String, Object>> optimizeAllocation(List<? extends Vm> vmList) {
        return null;
    }

    @Override
    public void deallocateHostForVm(Vm vm) {

        Host host = getVmTable().remove(vm.getUid());
        int idx = getHostList().indexOf(host);
        int pes = getUsedPes().remove(vm.getUid());
        if (host != null) {
            host.vmDestroy(vm);
            getFreePes().set(idx, getFreePes().get(idx) + pes);
        }
    }

    @Override
    public Host getHost(Vm vm) {
        return getVmTable().get(vm.getUid());
    }

    @Override
    public Host getHost(int vmId, int userId) {
        return getVmTable().get(Vm.getUid(userId, vmId));
    }

    private List<Solution> initializePopulation(int pop) {

        int popSize = pop;
        List<Solution> solutions = new ArrayList();
        List<Integer> temp;
        Random r = new Random();
        int cheat = (popSize > 5 ? popSize / 5 : popSize % 5);
        for (int ff = 0; ff < cheat; ff++) {
            Map<Integer, Integer> test = new HashMap();
            List<Integer> testList = new ArrayList();
            Solution s = new Solution();
            for (int k = 0; k < vmLst.size(); k++) {
                for (int u = 0; u < popSize * 5; u++) {
                    Host rr = hostLst.get(r.nextInt(hostLst.size()));
                    int mm = 0;
                    if (test.containsKey(rr.getId())) {
                        mm = test.get(rr.getId());
                    }
                    if (vmLst.get(k).getMips() + mm <= rr.getTotalMips()) {
                        testList.add(rr.getId());
                        if (mm == 0)
                            test.put(rr.getId(), (int) vmLst.get(k).getMips());
                        else if (mm > 0)
                            test.replace(rr.getId(), (int) vmLst.get(k).getMips() + mm);
                        break;
                    }
                }
            }
            s.setChoromosome(testList);
            Solution sol = new Solution();
            sol = calculateFitness(s);
            solutions.add(sol);

        }
        for (int i = 0; i < popSize - cheat; i++) {
            Solution s = new Solution();
            temp = new ArrayList();
            for (int j = 0; j < vmLst.size(); j++) {
                temp.add(j, hostLst.get(r.nextInt(hostLst.size())).getId());
            }
            s.setChoromosome(temp);
            Solution sol = new Solution();
            sol = calculateFitness(s);
            solutions.add(sol);

        return solutions;
    }

    public Map<Integer, List<Solution>> fastNonDominatedSorting(List<Solution> population) {
        int j = 0;
        for (int i = 0; i < population.size(); i++) {
            population.get(i).setTemproryId(++j);
        }
        List<Solution> sp;
        int np = 0;
        Map<Integer, List<Solution>> fronts = new HashMap();
        Map<Integer, List<Solution>> spForEachSolution = new HashMap();
        Map<Integer, Integer> npForEachSolution = new HashMap();
        for (Solution p : population) {
            sp = new ArrayList();
            np = 0;
            for (int i = 0; i < population.size(); i++) {
                Solution q = new Solution();
                q = population.get(i);

                if (isDominated(p, q)) {
                    sp.add(q);
                } else if (isDominated(q, p)) {
                    np++;
                }
            }
            spForEachSolution.put(p.getTemproryId(), sp);
            npForEachSolution.put(p.getTemproryId(), np);
            if (np == 0) {
                p.setFront(1);
                if (fronts.containsKey(1)) {
                    List<Solution> front1List = new ArrayList();
                    front1List = fronts.get(1);
                    front1List.add(p);
                    fronts.replace(1, front1List);
                } else {
                    List<Solution> front1List = new ArrayList();
                    front1List.add(p);
                    fronts.put(1, front1List);
                }
            }
        }
        int front = 1;
        while (fronts.get(front) != null && fronts.get(front).size() > 0) {
            List<Solution> nextFrontMember = new ArrayList();
            for (Solution p : fronts.get(front)) {
                for (Solution q : spForEachSolution.get(p.getTemproryId())) {
                    int nq = npForEachSolution.get(q.getTemproryId());
                    npForEachSolution.replace(q.getTemproryId(), --nq);
                    if (nq == 0) {
                        q.setFront(front + 1);
                        nextFrontMember.add(q);
                    }
                }
            }
            front++;
            if (nextFrontMember.size() > 0)
                fronts.put(front, nextFrontMember);
        }
        return fronts;
    }

    public Boolean isDominated(Solution p, Solution q) {
        if (p.getFitness() <= q.getFitness() && p.getNodes() <= q.getNodes() && p.getVmType() <= q.getVmType()) {
            if (p.getFitness() < q.getFitness() || p.getNodes() < q.getNodes() || p.getVmType() < q.getVmType())
                return true;
        }
        return false;
    }

    public List<Solution> calculateCrawdingDistance(List<Solution> sol) {
        for (int i = 0; i < sol.size(); i++) {
            sol.get(i).setCrowdingDistance(0d);
        }
        // I have 2 objective function and should sort solutions for each
        //first objective(fitness-cost)
        sol.sort((Solution s1, Solution s2) -> s1.getFitness().compareTo(s2.getFitness()));
        sol.get(0).setCrowdingDistance(Double.POSITIVE_INFINITY);
        sol.get(sol.size() - 1).setCrowdingDistance(Double.POSITIVE_INFINITY);
        //first objective (fitness)
        Double solFitnessMin = sol.get(0).getFitness();
        Double solFitnessMax = sol.get(sol.size() - 1).getFitness();
        for (int j = 1; j < sol.size() - 1; j++) {
            sol.get(j).setCrowdingDistance(sol.get(j).getCrowdingDistance() +
                    ((sol.get(j + 1).getFitness() - sol.get(j - 1).getFitness()) / (solFitnessMax - solFitnessMin)));
        }
        //second objective(nodes count)
        int solNodeMin = sol.get(0).getNodes();
        int solNodeMax = sol.get(sol.size() - 1).getNodes();
        sol.sort((Solution s1, Solution s2) -> s1.getNodes() - s2.getNodes());
        sol.get(0).setCrowdingDistance(Double.POSITIVE_INFINITY);
        sol.get(sol.size() - 1).setCrowdingDistance(Double.POSITIVE_INFINITY);
        for (int l = 1; l < sol.size() - 1; l++) {
            if (solNodeMax - solNodeMin == 0) {
                sol.get(l).setCrowdingDistance(Double.POSITIVE_INFINITY);
            } else
                sol.get(l).setCrowdingDistance(sol.get(l).getCrowdingDistance() +
                        ((sol.get(l + 1).getNodes() - sol.get(l - 1).getNodes()) / (solNodeMax - solNodeMin)));
        }
        
        Double solVmTypeMin = sol.get(0).getVmType();
        Double solVmTypeMax = sol.get(sol.size() - 1).getVmType();
        sol.sort(Comparator.comparingDouble(Solution::getVmType));
        sol.get(0).setCrowdingDistance(Double.POSITIVE_INFINITY);
        sol.get(sol.size() - 1).setCrowdingDistance(Double.POSITIVE_INFINITY);
        for (int l = 1; l < sol.size() - 1; l++) {
            if (solVmTypeMax - solVmTypeMin == 0) {
                sol.get(l).setCrowdingDistance(Double.POSITIVE_INFINITY);
            } else
                sol.get(l).setCrowdingDistance(sol.get(l).getCrowdingDistance() +
                        ((sol.get(l + 1).getVmType() - sol.get(l - 1).getVmType()) / (solVmTypeMax - solVmTypeMin)));
        }
        return sol;
    }

    private boolean GAToAllocateVmToHost() {

        int popSize = vmLst.size() * 6;
        Random r = new Random();
        List<Solution> initialPopulation = new ArrayList();
        List<Solution> population = new ArrayList();
        initialPopulation = initializePopulation(popSize);
        for (int iterate = 0; iterate < 300; iterate++) } 
[bookmark: _GoBack] Map<Integer, List<Solution>> fronts = new HashMap();
            fronts = fastNonDominatedSorting(initialPopulation);
            for (int f : fronts.keySet()) {
                calculateCrawdingDistance(fronts.get(f));
            }
            population = new ArrayList();
            population.addAll(initialPopulation);
            //binary tornument selection for crossover
            List<Solution> children = new ArrayList();
            for (int i = 0; i < (popSize % 2 == 0 ? popSize / 2 : popSize / 2 + 1); i++) {
                List<Solution> child = new ArrayList();
                Solution s1 = new Solution();
                Solution s2 = new Solution();
                s1 = initialPopulation.get(r.nextInt(initialPopulation.size()));
                s2 = initialPopulation.get(r.nextInt(initialPopulation.size()));
                Solution s3 = new Solution();
                Solution s4 = new Solution();
                s3 = initialPopulation.get(r.nextInt(initialPopulation.size()));
                s4 = initialPopulation.get(r.nextInt(initialPopulation.size()));

                child = crossover((s1.getFront() == s2.getFront() ? (s1.getCrowdingDistance() <= s2.getCrowdingDistance() ? s1 : s2) : (s1.getFront() < s2.getFront() ? s1 : s2)),
                        (s3.getFront() == s4.getFront() ? (s3.getCrowdingDistance() <= s4.getCrowdingDistance() ? s3 : s4) :
                                (s3.getFront() < s4.getFront() ? s3 : s4)));
                children.add(mutation(child.get(0)));
                children.add(mutation(child.get(1)));
            }
            if (children.get(popSize - 1) != null) {
                initialPopulation.addAll(children.subList(0, popSize));
                fronts.clear();
                fronts = fastNonDominatedSorting(initialPopulation);
            }
            int pop = popSize;
            population = new ArrayList();
            for (int i = 1; i <= fronts.size(); i++) {
                if (fronts.get(i).size() <= pop) {
                    population.addAll(fronts.get(i));
                    pop -= fronts.get(i).size();
                } else if (pop != 0 && fronts.get(i).size() - pop > 0) {
                    List<Solution> sortedFront = new ArrayList();
                    sortedFront = calculateCrawdingDistance(fronts.get(i));
                    population.addAll(sortedFront.subList(0, pop));
                    pop = 0;
                }
            }
            initialPopulation = new ArrayList();
            initialPopulation = population;
        }
        if (population.size() > 0) {
            population.sort(Comparator.comparingDouble(Solution::getFront));
            int chromeSize = population.get(0).getChoromosome().size();
            for (int q = 0; q < population.size(); q++) {

                for (int w = 0; w < population.get(q).getChoromosome().size(); w++) {
                    System.out.print(population.get(q).getChoromosome().get(w) + "   ");

                }
            }
            for (int y = 0; y < population.get(0).getChoromosome().size(); y++) {
                finalMap.put(vmLst.get(y).getId(), hostMap.get(population.get(0).getChoromosome().get(y)));
            }

            } catch (IOException e) {
                e.printStackTrace();
            }

        }
        return true;
    }

    public List<Solution> crossover(Solution solution1, Solution solution2) {
        List<Integer> spring1 = new ArrayList();
        List<Integer> spring2 = new ArrayList();

        int crossCount = (solution1.getChoromosome().size() % 4 == 0 ? solution1.getChoromosome().size() / 4 : (solution1.getChoromosome().size() / 4) + 1);
        int i = 0;
        spring1.addAll(solution1.getChoromosome().subList(0, crossCount));
        spring2.addAll(solution2.getChoromosome().subList(0, crossCount));
        while (i < solution1.getChoromosome().size()) {
            if (solution1.getChoromosome().size() - (i + (2 * crossCount)) > 0) {
                i += crossCount;
                spring1.addAll(solution2.getChoromosome().subList(i, i + crossCount));
                spring2.addAll(solution1.getChoromosome().subList(i, i + crossCount));
            }
            if (solution1.getChoromosome().size() - (i + (2 * crossCount)) == 0) {
                i += crossCount;
                spring1.addAll(solution2.getChoromosome().subList(i, solution2.getChoromosome().size()));
                spring2.addAll(solution1.getChoromosome().subList(i, solution1.getChoromosome().size()));
            }
            if (solution1.getChoromosome().size() - (i + (2 * crossCount)) > 0) {
                i += crossCount;
                spring1.addAll(solution1.getChoromosome().subList(i, i + crossCount));
                spring2.addAll(solution2.getChoromosome().subList(i, i + crossCount));
            }
            if (solution1.getChoromosome().size() - (i + (2 * crossCount)) == 0) {
                i += crossCount;
                spring1.addAll(solution2.getChoromosome().subList(i, solution2.getChoromosome().size()));
                spring2.addAll(solution1.getChoromosome().subList(i, solution1.getChoromosome().size()));
            } else {
                i += crossCount;
                break;
            }

        }

        spring1.addAll(solution2.getChoromosome().subList(spring1.size(), solution2.getChoromosome().size()));
        spring2.addAll(solution1.getChoromosome().subList(spring2.size(), solution1.getChoromosome().size()));
        Solution s1 = new Solution();
        Solution s2 = new Solution();
        s1.setChoromosome(spring1);
        s2.setChoromosome(spring2);
        List<Solution> solutions = new ArrayList();
        solutions.add(calculateFitness(s1));
        solutions.add(calculateFitness(s2));

        return solutions;
    }

    public Solution mutation(Solution spring) {
        Random r = new Random();
        int iteration = 3;
        for (int i = 0; i < (hostLst.size()<=iteration? 1: hostLst.size()/ iteration); i++) {
            int mutationIndex = r.nextInt(spring.getChoromosome().size());
            int hostRandomSelection = r.nextInt(hostLst.size());
            spring.getChoromosome().set(mutationIndex, hostLst.get(hostRandomSelection).getId());
        }

        return calculateFitness(spring);
    }


    private Solution calculateFitness(Solution s) {
        List<Integer> chrom = new ArrayList();
        hostMapForFitness = new HashMap();
        chrom = s.getChoromosome();
        Double result = 0D;
        boolean flag = true;
        List<Double> sources;
        //<hostId,<vmtype,tedad>>
        Map<Integer, Map<Integer, Integer>> vmTypesMap = new HashMap();
        for (int i = 0; i < chrom.size(); i++) {
            Host h = new Host();
            h = hostMap.get(chrom.get(i));
            Vm v = new Vm();
            v = vmMap.get(i);
            if (h.getPeList().size() == 0) {
                flag = false;
                break;
            }
            if (h.getNumberOfPes() < v.getNumberOfPes()) {
                flag = false;
                break;
            }
            Map<Integer, Integer> vmTypeCount;
            if (!vmTypesMap.containsKey(h.getId())) {
                vmTypeCount = new HashMap();
                vmTypeCount.put(v.getType(), 1);
                vmTypesMap.put(h.getId(), vmTypeCount);
            } else if (vmTypesMap.containsKey((h.getId()))) {
                vmTypeCount = new HashMap();
                vmTypeCount = vmTypesMap.get(h.getId());
                if (!vmTypeCount.containsKey(v.getType())) {
                    vmTypeCount.put(v.getType(), 1);
                } else if (vmTypeCount.containsKey(v.getType())) {
                    int count = vmTypeCount.get(v.getType());
                    vmTypeCount.replace(v.getType(), count + 1);
                }
                vmTypesMap.replace(h.getId(), vmTypeCount);
            }
            if (!hostMapForFitness.containsKey(h.getId())) {
                result += (h.getAvailableMips() - v.getMips() < 0 ? Double.POSITIVE_INFINITY : v.getMips() * ch.getCostPerMi()) +
                        (h.getRam() - v.getRam() < 0 ? Double.POSITIVE_INFINITY : v.getRam() * ch.getCostPerMem()) +
                        (h.getBw() - v.getBw() < 0 ? Double.POSITIVE_INFINITY : v.getBw() * ch.getCostPerBw());
                if (result != Double.POSITIVE_INFINITY) {
                    sources = new ArrayList();
                    sources.add(0, v.getMips());
                    sources.add(1, (double) v.getRam());
                    sources.add(2, (double) v.getBw());
                    hostMapForFitness.put(h.getId(), sources);
                } else if (result.compareTo(Double.POSITIVE_INFINITY) == 0) {
                    flag = false;
                    break;
                }
            } else if (hostMapForFitness.containsKey(h.getId())) {
                result += (h.getAvailableMips() - (hostMapForFitness.get(h.getId()).get(0) + v.getMips()) < 0 ? Double.POSITIVE_INFINITY : v.getMips() * ch.getCostPerMi()) +
                        (h.getRam() - (hostMapForFitness.get(h.getId()).get(1).intValue() + v.getRam()) < 0 ? Double.POSITIVE_INFINITY : v.getRam() * ch.getCostPerMem()) +
                        (h.getBw() - (hostMapForFitness.get(h.getId()).get(2).longValue() + v.getBw()) < 0 ? Double.POSITIVE_INFINITY : v.getBw() * ch.getCostPerBw());
                if (result != Double.POSITIVE_INFINITY) {
                    sources = new ArrayList();
                    sources = hostMapForFitness.get(h.getId());
                    sources.set(0, sources.get(0) + v.getMips());
                    sources.set(1, sources.get(1) + (double) v.getRam());
                    sources.set(2, sources.get(2) + (double) v.getBw());
                    hostMapForFitness.replace(h.getId(), sources);
                } else if (result == Double.POSITIVE_INFINITY) {
                    flag = false;
                    break;
                }
            }
        }
        if (flag) {

            Double r = 0d;

            for (Integer i : hostMapForFitness.keySet()) {
                Host ho = new Host();
                ho = hostMap.get(i);

                sources = new ArrayList();
                sources = hostMapForFitness.get(i);
                r += sources.get(0) / ho.getTotalMips() + sources.get(1) / ho.getRam() + sources.get(2) / ho.getBw();
            }
            Map<Integer, Integer> typeCount = new HashMap();
            List<Integer> count = new ArrayList();
            for (int l : vmTypesMap.keySet()) {
                typeCount = vmTypesMap.get(l);
                count.addAll(typeCount.values());
            }
            double vmTypeFitnessVal = 1d;
            for (int t = 0; t < count.size(); t++) {
                vmTypeFitnessVal *= count.get(t);
            }
            Double vvm = 0d;
            Map<Integer, Integer> test;
            for (int tt : vmTypesMap.keySet()) {
                test = new HashMap();
                test = vmTypesMap.get(tt);
                int vmm = 0;
                for (int oo : test.keySet()) {
                    vmm += test.get(oo);
                }
                vvm += (double) vmm / (double) test.keySet().size();
            }
            s.setVmTypeCount(vvm);//baraye nemoodar 2
            
            int totalNode = hostMapForFitness.keySet().size();
            s.setNodes(totalNode);//minimize
            if (totalNode > vmLst.size()) {
                System.out.println("sssss");
            }
            s.setVmType(1 / vmTypeFitnessVal);//maximize
            s.setFitness(1 / r);//maximize

        }
        if (flag == false) {
            s.setFitness(Double.POSITIVE_INFINITY);
            s.setNodes(100000);
            s.setVmType(Double.POSITIVE_INFINITY);
        }

        return s;
    }

    private class Solution {
        private int temproryId;
        private Double fitness;
        private int nodes;
        private Double vmType;//baraye fitness
        private int front;
        private List<Integer> choromosome;
        private Double crowdingDistance;
        private Double vmTypeCount;//baraye tedad noe vm ha dar yek chrom
{


}
