delay 0.7;

Work_0x01(5);

-- Track_Table.Track_Operation(2);

Work_0x01(3); -- Track Table

Work_0x01(5);

Num_Cycle := Num_Cycle + 1;

Time_2 := CPU_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats

then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := true;

Register_Stats.Display_Stats(Num_Done,Total_Time);

end Display_Type;

begin -- Tracker

NULL; -- do nothing but wait for tasks to terminate

end Tracker;

begin -- shell

TIO.Put("Enter the number of Sensors ");

IIO.Get(Num_Sensor);

TIO.New_Line;

TIO.Put("Enter the number of Sensor Cycles ");

IIO.Get(Num_Sensor_Cycle);

TIO.New_Line;

Tracker(Num_Sensor,Num_Sensor_Cycle);

TIO.New_Line;

TIO.Put_Line("Th-Th-Th-That’s all folks!");

end Shell;

310

Work_0x01(2);

Num_Cycle := Num_Cycle + 1;

Time_2 := CPU_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := true;

Register_Stats.Keyboard_Stats(Num_Done,Total_Time);

end Keyboard_Type;

task body Data_Link_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin loop exit when Done_Stats;

Time_1 := CPU_Time.Get_Clock;

Work_0x01(1);

delay 0.8;

Work_0x01(1);

-- Track_Table.Track_Operation(2);

Work_0x01(3); -- Track Table

Work_0x01(1);

Num_Cycle := Num_Cycle + 1;

Time_2 := CPU_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := true;

Register_Stats.Data_Link_Stats(Num_Done,Total_Time);

end Data_Link_Type;

task body Display_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin loop exit when Done_Stats;

Time_1 := CPU_Time.Get_Clock;

Work_0x01(5);

309

end loop;

end Work_0x01;

-- task bodies

task body Sensor_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin

loop

exit when Num_Cycle = Num_Sensor_Cycle or Done_Stats;

Time_1 := Cpu_Time.Get_Clock;

Work_0x01(2);

delay 1.0;

Work_0x01(2);

-- Correlator.Track_Operation(1);

Work_0x01(2); -- Correlator

Work_0x01(2); -- Track Table

Work_0x01(2); -- Correlator

Work_0x01(2);

Num_Cycle := Num_Cycle + 1;

Time_2 := Cpu_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats

then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := True;

Register_Stats.Sensor_Stats(Num_Done,Total_Time);

end Sensor_Type;

task body Keyboard_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin

loop

exit when Done_Stats;

Time_1 := CPU_Time.Get_Clock;

Work_0x01(2);

delay 1.0;

Work_0x01(2);

-- Correlator.Track_Operation(2);

Work_0x01(8); -- Correlator

Work_0x01(3); -- Track Table

Work_0x01(3); -- Correlator

308

end loop;

Track_Table.Quit;

Correlator.Quit;

-- print out the stats and then terminate

TIO.Put("The following Stats are for Num_Sensors = ");

IIO.Put(Num_Sensor);

TIO.New_Line;

TIO.Put("Average Sensor response time is ");

if Sensor_Done > 0 then

FIO.Put(Sensor_Total_Time/IA.Real(Sensor_Done));

else

TIO.Put(" NO COMPLETIONS ");

end if;

TIO.New_Line;

TIO.Put("Average Keyboard response time is ");

if Keyboard_Done > 0 then

FIO.Put(Keyboard_Total_Time/IA.Real(Keyboard_Done));

else

TIO.Put(" NO COMPLETIONS ");

end if;

TIO.New_Line;

TIO.Put("Average Data_Link response time is ");

if Data_Link_Done > 0 then

FIO.Put(Data_Link_Total_Time/IA.Real(Data_Link_Done));

else

TIO.Put(" NO COMPLETIONS ");

end if;

TIO.New_Line;

TIO.Put("Average Display response time is ");

if Display_Done > 0 then

FIO.Put(Display_Total_Time/IA.Real(Display_Done));

else

TIO.Put(" NO COMPLETIONS ");

end if;

TIO.New_Line;

end Register_Stats;

-- support procedures procedure Work_0x01(Num_Times : in Integer) is

-- do 0.01 time units of work Num_Times dummy : Integer := 0;

begin for i in 1..Num_Times loop for j in 1..20300 loop -- 20300 iterations has been timed as 0.01 seconds dummy := j;

end loop;

307

Sensors : array(1..Num_Sensor) of Sensor_Type;

Correlator : Correlator_Type;

Keyboard : Keyboard_Type;

Track_Table : Track_Table_Type;

Data_Link : Data_Link_Type;

Display : Display_Type;

Num_Accept : Integer := 0;

-- stats task

task body Register_Stats is

-- Num_Accept : Integer := 0;

Sensor_Done : Integer := 0;

Sensor_Total_Time : IA.Real := 0.0;

Keyboard_Done : Integer := 0;

Keyboard_Total_Time : IA.Real := 0.0;

Data_Link_Done : Integer := 0;

Data_Link_Total_Time : IA.Real := 0.0;

Display_Done : Integer := 0;

Display_Total_Time : IA.Real := 0.0;

begin

loop

select

accept Sensor_Stats(Num_Done : in Integer;

Total_Time : in IA.Real) do

Sensor_Done := Sensor_Done + Num_Done;

Sensor_Total_Time := Sensor_Total_Time + Total_Time;

end Sensor_Stats;

or

accept Keyboard_Stats(Num_Done : in Integer;

Total_Time : in IA.Real) do

Keyboard_Done := Keyboard_Done + Num_Done;

Keyboard_Total_Time := Keyboard_Total_Time + Total_Time;

end Keyboard_Stats;

or

accept Data_Link_Stats(Num_Done : in Integer;

Total_Time : in IA.Real) do

Data_Link_Done := Data_Link_Done + Num_Done;

Data_Link_Total_Time := Data_Link_Total_Time + Total_Time;

end Data_Link_Stats;

or

accept Display_Stats(Num_Done : in Integer;

Total_Time : in IA.Real) do

Display_Done := Display_Done + Num_Done;

Display_Total_Time := Display_Total_Time + Total_Time;

end Display_Stats;

end select;

Num_Accept := Num_Accept + 1;

exit when Num_Accept = Num_Sensor + Num_Keyboard +

Num_Data_Link + Num_Display;

306

D.4 Avionics Baseline with Text_IO, Instrument_Ada, Cpu_Time;

procedure Shell is package TIO renames Text_IO;

package IA renames Instrument_Ada;

package FIO is new TIO.Float_IO(IA.Real);

package IIO is new TIO.Integer_IO(Integer);

Num_Sensor, Num_Sensor_Cycle : Integer := 0;

Num_Keyboard : Integer := 1;

Num_Data_Link : Integer := 1;

Num_Display : Integer := 1;

procedure Tracker(Num_Sensor, Num_Sensor_Cycle : in Integer) is

Done_Stats : Boolean := False;

-- task types task type Sensor_Type;

task type Keyboard_Type;

task type Correlator_Type is entry Track_Operation(Op : in Integer);

entry Quit;

end Correlator_Type;

task type Track_Table_Type is entry Track_Operation(Op : in Integer);

entry Quit;

end Track_Table_Type;

task type Data_Link_Type;

task type Display_Type;

task Register_Stats is entry Sensor_Stats(Num_Done : in Integer;

Total_Time : in IA.Real);

entry Keyboard_Stats(Num_Done : in Integer;

Total_Time : in IA.Real);

entry Data_Link_Stats(Num_Done : in Integer;

Total_Time : in IA.Real);

entry Display_Stats(Num_Done : in Integer;

Total_Time : in IA.Real);

end Register_Stats;

-- task variables

305

Work_0x01(8);

end if;

end Track_Operation;

or

accept Quit do

Done := True;

end Quit;

end select;

exit when Done;

end loop;

end Correlator_Type;

task body Track_Table_Type is

Done : Boolean := False;

begin

loop

select

accept Track_Operation(Op : in Integer) do

if Op = 1

then

Work_0x01(2);

else

Work_0x01(3);

end if;

end Track_Operation;

or

accept Quit do

Done := True;

end Quit;

end select;

exit when Done;

end loop;

end Track_Table_Type;

begin -- Tracker

NULL; -- do nothing but wait for tasks to terminate

end Tracker;

begin -- shell

TIO.Put("Enter the number of Sensors ");

IIO.Get(Num_Sensor);

TIO.New_Line;

TIO.Put("Enter the number of Sensor Cycles ");

IIO.Get(Num_Sensor_Cycle);

TIO.New_Line;

Tracker(Num_Sensor,Num_Sensor_Cycle);

TIO.New_Line;

TIO.Put_Line("Th-Th-Th-That’s all folks!");

end Shell;

304

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := true;

Register_Stats.Data_Link_Stats(Num_Done,Total_Time);

end Data_Link_Type;

task body Display_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin loop exit when Done_Stats;

Time_1 := CPU_Time.Get_Clock;

Work_0x01(5);

delay 0.7;

Work_0x01(5);

Track_Table.Track_Operation(2);

Work_0x01(5);

Num_Cycle := Num_Cycle + 1;

Time_2 := CPU_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := true;

Register_Stats.Display_Stats(Num_Done,Total_Time);

end Display_Type;

task body Correlator_Type is

Done : Boolean := False;

begin loop select accept Track_Operation(Op : in Integer) do if Op = 1 then

Work_0x01(2);

Track_Table.Track_Operation(1);

Work_0x01(2);

else

Work_0x01(8);

Track_Table.Track_Operation(1);

303

then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := True;

Register_Stats.Sensor_Stats(Num_Done,Total_Time);

end Sensor_Type;

task body Keyboard_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin

loop

exit when Done_Stats;

Time_1 := CPU_Time.Get_Clock;

Work_0x01(2);

delay 1.0;

Work_0x01(2);

Correlator.Track_Operation(2);

Work_0x01(2);

Num_Cycle := Num_Cycle + 1;

Time_2 := CPU_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats

then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := true;

Register_Stats.Keyboard_Stats(Num_Done,Total_Time);

end Keyboard_Type;

task body Data_Link_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin

loop

exit when Done_Stats;

Time_1 := CPU_Time.Get_Clock;

Work_0x01(1);

delay 0.8;

Work_0x01(1);

Track_Table.Track_Operation(2);

Work_0x01(1);

Num_Cycle := Num_Cycle + 1;

Time_2 := CPU_Time.Get_Clock;

302

then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := True;

Register_Stats.Agent_Stats(Num_Done,Total_Time);

end Agent_Type;

task body Customer_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin loop exit when Num_Cycle = Customer_Cycle;

Time_1 := CPU_Time.Get_Clock;

Work_0x01(5);

delay 0.04; -- THINK

Work_0x01(5);

Display.Do_Op(1); -- Does the TERMPORT

Work_0x01(2); -- Display CPU TIME

Work_0x01(2); -- Display CPU TIME

Work_0x01(2); -- Display CPU TIME

Work_0x01(5);

--InitRemote.Entry2;

InitRemote.Entry1; -- No Synchronization at InitRemote

Work_0x01(2); -- InitRemote CPU Time

Work_0x01(2); -- InitRemote CPU Time

Log.Entry1; -- InitRemote Visit To Log Disk

Work_0x01(1); -- Log CPU Time

Work_0x01(1); -- Log CPU Time

Work_0x01(5);

Num_Cycle := Num_Cycle + 1;

Time_2 := CPU_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := true;

Register_Stats.Customer_Stats(Num_Done,Total_Time);

end Customer_Type;

task body Display_Type is begin

296

-- support procedures

procedure Work_0x01(Num_Times : in Integer) is

-- do 0.01 time units of work Num_Times

dummy : Integer := 0;

begin

for i in 1..Num_Times loop

for j in 1..20300 loop -- 20300 iterations has been timed

-- as 0.01 seconds on this machine

dummy := j;

end loop;

end loop;

end Work_0x01;

-- task bodies

task body Agent_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

Dummy : Integer := 0;

begin

loop

exit when Num_Cycle = Agent_Cycle;

Time_1 := Cpu_Time.Get_Clock;

Work_0x01(4);

delay 0.08; -- Mimic COMPORT

Work_0x01(4);

Display.Do_Op(2); -- Still have to have contention for COMPORT

Work_0x01(2); -- Display CPU

Work_0x01(2); -- Display CPU

Log.Entry1; -- Display Visits Log. Still have to have contention for LOGDISK

Work_0x01(1); -- Log CPU

Work_0x01(1); -- Log CPU

Work_0x01(4);

InitRemote.Entry1; -- Still have to have contention for DECODISK

Work_0x01(2); -- InitRemote CPU

Work_0x01(2); -- InitRemote CPU

Log.Entry1; -- InitRemote Visits Log. Contention for LOGDISK

Work_0x01(1); -- Log CPU

Work_0x01(1); -- Log CPU

Work_0x01(4);

Num_Cycle := Num_Cycle + 1;

Time_2 := Cpu_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats

295

-- stats task task body Register_Stats is

Num_Accept : Integer := 0;

Agent_Done : Integer := 0;

Agent_Total_Time : IA.Real := 0.0;

Customer_Done : Integer := 0;

Customer_Total_Time : IA.Real := 0.0;

begin loop select accept Agent_Stats(Num_Done : in Integer;

Total_Time : in IA.Real) do

Agent_Done := Agent_Done + Num_Done;

Agent_Total_Time := Agent_Total_Time + Total_Time;

end Agent_Stats;

or accept Customer_Stats(Num_Done : in Integer;

Total_Time : in IA.Real) do

Customer_Done := Customer_Done + Num_Done;

Customer_Total_Time := Customer_Total_Time + Total_Time;

end Customer_Stats;

end select;

Num_Accept := Num_Accept + 1;

exit when Num_Accept = Num_Agent + Num_Customer;

end loop;

-- print out the stats and then terminate

TIO.Put("The following Stats are for Agents, Customers = ");

TIO.New_Line;

IIO.Put(Num_Agent);

TIO.Put(", ");

IIO.Put(Num_Customer);

TIO.New_Line;

TIO.Put("Average Agent response time is ");

if Agent_Done > 0 then

FIO.Put(Agent_Total_Time/IA.Real(Agent_Done));

else

TIO.Put(" NO COMPLETIONS ");

end if;

TIO.New_Line;

TIO.Put("Average Customer response time is ");

if Customer_Done > 0 then

FIO.Put(Customer_Total_Time/IA.Real(Customer_Done));

else

TIO.Put(" NO COMPLETIONS ");

end if;

TIO.New_Line;

-- terminate;

end Register_Stats;

294

D.2 T ransaction Pro cessing Baseline

with Text_IO, Instrument_Ada, Cpu_Time;

procedure Shell is

package TIO renames Text_IO;

package IA renames Instrument_Ada;

package FIO is new TIO.Float_IO(IA.Real);

package IIO is new TIO.Integer_IO(Integer);

Num_Agent, Num_Customer, Agent_Cycle, Customer_Cycle : Integer := 0;

procedure Case_Study(Num_Agent, Num_Customer, Agent_Cycle,

Customer_Cycle : in Integer) is

Done_Stats : Boolean := False;

-- task types

task type Agent_Type;

task type Customer_Type;

task type Display_Type is

entry Do_Op(Op : in Integer);

end Display_Type;

task type Sync_Type is

entry Entry1;

entry Entry2;

end Sync_Type;

task type Log_Type is

entry Entry1;

end Log_Type;

task Register_Stats is

entry Agent_Stats(Num_Done : in Integer;

Total_Time : in IA.Real);

entry Customer_Stats(Num_Done : in Integer;

Total_Time : in IA.Real);

end Register_Stats;

-- task variables

Agents : array(1..Num_Agent) of Agent_Type;

Customers : array(1..Num_Customer) of Customer_Type;

Display : Display_Type;

InitRemote : Sync_Type;

Log : Log_Type;

293

Log.Entry1;

Work_0x01(1);

end Entry2;

end Entry1;

or terminate;

end select;

end loop;

end Sync_Type;

task body Log_Type is begin loop select accept Entry1 do

Work_0x01(1);

Delay 0.03; -- Mimic LOGDISK

Work_0x01(1);

end Entry1;

or terminate;

end select;

end loop;

end Log_Type;

begin -- Case_Study

NULL; -- do nothing but wait for tasks to terminate end Case_Study;

begin -- shell

TIO.Put("Enter the number of Agents ");

IIO.Get(Num_Agent);

TIO.New_Line;

TIO.Put("Enter the number of Customers ");

IIO.Get(Num_Customer);

TIO.New_Line;

TIO.Put("Enter the number of Agent cycles ");

IIO.Get(Agent_Cycle);

TIO.New_Line;

TIO.Put("Enter the number of Customer cycles ");

IIO.Get(Customer_Cycle);

TIO.New_Line;

Case_Study(Num_Agent,Num_Customer,Agent_Cycle,Customer_Cycle);

TIO.New_Line;

TIO.Put_Line("Th-Th-Th-That’s all folks!");

end Shell;

292

delay 0.04; -- THINK

Work_0x01(5);

Display.Do_Op(1);

Work_0x01(5);

InitRemote.Entry2;

Work_0x01(5);

Num_Cycle := Num_Cycle + 1;

Time_2 := CPU_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats

then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := true;

Register_Stats.Customer_Stats(Num_Done,Total_Time);

end Customer_Type;

task body Display_Type is

begin

loop

select

accept Do_Op(Op : in Integer) do

if Op = 1

then

Work_0x01(2);

delay 0.03; -- Mimic TERMPORT

Work_0x01(2);

else

Work_0x01(2);

delay 0.03; -- Mimic TERMPORT

Work_0x01(2);

Log.Entry1;

Work_0x01(2);

end if;

end Do_Op;

or

terminate;

end select;

end loop;

end Display_Type;

task body Sync_Type is

begin

loop

select

accept Entry1 do

accept Entry2 do

Work_0x01(1);

delay 0.03; -- Mimic DECODISK

Work_0x01(2);

291

dummy : Integer := 0;

begin for i in 1..Num_Times loop for j in 1..20300 loop -- 20300 iterations has been timed

-- as 0.01 seconds on this machine dummy := j;

end loop;

end loop;

end Work_0x01;

-- task bodies task body Agent_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

Dummy : Integer := 0;

begin loop exit when Num_Cycle = Agent_Cycle;

Time_1 := Cpu_Time.Get_Clock;

Work_0x01(4);

delay 0.08; -- Mimic COMPORT

Work_0x01(4);

Display.Do_Op(2);

Work_0x01(4);

InitRemote.Entry1;

Work_0x01(4);

Num_Cycle := Num_Cycle + 1;

Time_2 := Cpu_Time.Get_Clock;

if (IA.Real(Time_2) > IA.Real(Time_1)) and not Done_Stats then

Num_Done := Num_Done + 1;

Total_Time := Total_Time + IA.Real(Time_2) - IA.Real(Time_1);

end if;

end loop;

Done_Stats := True;

Register_Stats.Agent_Stats(Num_Done,Total_Time);

end Agent_Type;

task body Customer_Type is

Num_Cycle : Integer := 0;

Num_Done : Integer := 0;

Total_Time : IA.Real := 0.0;

Time_1, Time_2 : Cpu_Time.Clock_Type;

begin loop exit when Num_Cycle = Customer_Cycle;

Time_1 := CPU_Time.Get_Clock;

Work_0x01(5);

290

Agent_Done : Integer := 0;

Agent_Total_Time : IA.Real := 0.0;

Customer_Done : Integer := 0;

Customer_Total_Time : IA.Real := 0.0;

begin

loop

select

accept Agent_Stats(Num_Done : in Integer;

Total_Time : in IA.Real) do

Agent_Done := Agent_Done + Num_Done;

Agent_Total_Time := Agent_Total_Time + Total_Time;

end Agent_Stats;

or

accept Customer_Stats(Num_Done : in Integer;

Total_Time : in IA.Real) do

Customer_Done := Customer_Done + Num_Done;

Customer_Total_Time := Customer_Total_Time + Total_Time;

end Customer_Stats;

end select;

Num_Accept := Num_Accept + 1;

exit when Num_Accept = Num_Agent + Num_Customer;

end loop;

-- print out the stats and then terminate

TIO.Put("The following Stats are for Agents, Customers = ");

TIO.New_Line;

IIO.Put(Num_Agent);

TIO.Put(", ");

IIO.Put(Num_Customer);

TIO.New_Line;

TIO.Put("Average Agent response time is ");

if Agent_Done > 0

then

FIO.Put(Agent_Total_Time/IA.Real(Agent_Done));

else

TIO.Put(" NO COMPLETIONS ");

end if;

TIO.New_Line;

TIO.Put("Average Customer response time is ");

if Customer_Done > 0

then

FIO.Put(Customer_Total_Time/IA.Real(Customer_Done));

else

TIO.Put(" NO COMPLETIONS ");

end if;

TIO.New_Line;

end Register_Stats;

-- support procedures

procedure Work_0x01(Num_Times : in Integer) is

-- do 0.01 time units of work Num_Times

289

procedure Shell is package TIO renames Text_IO;

package IA renames Instrument_Ada;

package FIO is new TIO.Float_IO(IA.Real);

package IIO is new TIO.Integer_IO(Integer);

Num_Agent, Num_Customer, Agent_Cycle, Customer_Cycle : Integer := 0;

procedure Case_Study(Num_Agent, Num_Customer, Agent_Cycle,

Customer_Cycle : in Integer) is

Done_Stats : Boolean := False;

-- task types task type Agent_Type;

task type Customer_Type;

task type Display_Type is entry Do_Op(Op : in Integer);

end Display_Type;

task type Sync_Type is entry Entry1;

entry Entry2;

end Sync_Type;

task type Log_Type is entry Entry1;

end Log_Type;

task Register_Stats is entry Agent_Stats(Num_Done : in Integer;

Total_Time : in IA.Real);

entry Customer_Stats(Num_Done : in Integer;

Total_Time : in IA.Real);

end Register_Stats;

-- task variables

Agents : array(1..Num_Agent) of Agent_Type;

Customers : array(1..Num_Customer) of Customer_Type;

Display : Display_Type;

InitRemote : Sync_Type;

Log : Log_Type;

-- stats task task body Register_Stats is

Num_Accept : Integer := 0;

288

App endix D

Ada Application Co de

In this app endix the Ada programs are provided that were used in Chapter 6. A unit

of service time in mo del parameters corresp onds to 0:01 seconds in these programs.

F or example, a think time of 80 time units is 0:8 seconds. In Ada, a delay n statement

delays a task for at least n seconds. A pro cedure named W ork0x01 contains a for

lo op that had b een timed as requiring 0:01 seconds of pro cessing time. The pro cedure

is called with a parameter that indicates how many time units of pro cessor time are

required.

In the applications, once all the tasks have started up the non-serving tasks b egin to

sum their resp onse times. Once a non-serving task has completed its designated numb er

of iterations it completes and all tasks stop summing their resp onse times. When a

task completes it calls a task that collects the resp onse time information. Once all

tasks have completed, the statistics task rep orts the average resp onse times for the

non-serving tasks.

In the T ransaction pro cessing example, the b ehaviour of the devices COMPOR T,

DECODISK, TERMPOR

T, and LOGDISK, are all emulated using Ada tasks that have

delay statements.

D.1 T ransaction Pro cessing Original

with Text_IO, Instrument_Ada, Cpu_Time;

287

App endix B

Analysis of the Multiple-En try

Serv er

The Laplace transform for the service time probability density function (p df ) of a series of r stages each with exp onential service rate r � is [Klein 75]:

B (s) = (

r � s + r �

)

r

The squared co e�cient of v ariation of the series of stages with average service time

� x and second moment of service time

� x

2 is:

C

2 v

=

�

2

� x

2

=

� x

2

� x

2

� 1.

� x and

� x

2 can b e found using the �rst and second deriv atives of B (s),

� x = �B

0

(s)j s=0 and

� x

2

= B

00

(s)j s=0

B

0

(s) = �r

(r �)

r

(s + r �)

r +1

= �

1

�

(r �)

r +1

(s + r �)

r +1

So that

� x = �B

0

(s)j s=0

=

1

�

281

� R

GRP

M 1

= 2:57

� R

GRP

M 2

= 2:57

� R

GRP

T O P

= 2(3:62 + 2:57) + (3:59 + 2:57) = 18:54

Find new R

g for customers: contention):

� R

B O T

= 2:57

� R

M 1

= 3:62 + 2:57 = 6:17

� R

M 2

= 3:59 + 2:57 = 6:19

� R

T O P

= 18:54 + 6:63 = 25:17

End Lo op Device Contention, Go to top of lo op Device Contention.

280

Find new R g

for customers: contention):

� R

M 1

= 2:96 + 3:5 = 6:46

� R

M 2

= 3:42 + 3:5 = 6:92

Find new h

I

for servers:

� R

I D L

B O T

= 2:5=0:51 27 � 2:5 = 2:38

Step 4. Convergence o ccurs for software mo del and iter > 2.

Step 5. � (R

T O P

= 43:88; 0) > � . Convergence test fails; continue to step 6.

Step 6. Solve Device Contention Mo del

MV A Inputs:

� T O P ; M 1; M 2; B O T The set of customer classes.

� N

T O P

= 3; N

M 1

= 1; N

M 2

= 1; N

B O T

= 1 The p opulation of each customer class.

� I

T O P

= 37:38; I

M 1

= 11:13; I

M 2

= 3:81; I

B O T

= 2:38 The think time of each customer class.

� D C P U; C O M The servers.

� V

T O P ;D C P U

= 6; V

T O P ;C O M

= 1 Visits of customers to servers.

� S

T O P ;D C P U

= 1; S

T O P ;C O M

= 0:5 Service time of customers at servers.

� V

M 1;D C P U

= 3; V

M 1;C O M

= 3 Visits of customers to servers.

� S

M 1;D C P U

= 1; S

M 1;C O M

= 0:5 Service time of customers at servers.

� V

M 2;D C P U

= 3; V

M 2;C O M

= 3 Visits of customers to servers.

� S

M 2;D C P U

= 1; S

M 2;C O M

= 0:5 Service time of customers at servers.

� V

B O T ;D C P U

= 2; V

B O T ;C O M

= 1 Visits of customers to servers.

� S

B O T ;D C P U

= 1; S

B O T ;C O M

= 0:5 Service time of customers at servers.

� �

D C P U

= D E LAY ; �

C O M

= F C F S Scheduling disciplines.

MV A Outputs:

� R

T O P ;D C P U

= 1; R

T O P ;C O M

= 0:63 Customer residence times(for single visit).

� R

M 1;D C P U

= 1; R

M 1;C O M

= 0:62 Customer residence times(for single visit).

� R

M 2;D C P U

= 1; R

M 2;C O M

= 0:59 Customer residence times(for single visit).

� R

B O T ;D C P U

= 1; R

B O T ;C O M

= 0:57 Customer residence times(for single visit).

� U

D C P U

= 1:42; U

C O M

= 0:24 Server utilizations.

Find new R

D E V for customers:

� R

D E V

B O T

= 2(1) + 0:57 = 2:57

� R

D E V

M 1

= 3(1) + 0:62 = 3:62

� R

D E V

M 2

= 3(1) + 0:59 = 3:59

� R

D E V

T O P

= 6(1) + 0:63 = 6:63

Find new R

GRP for customers:

� R

GRP

B O T

= 0

279

� R

I D L

B O T

= 2:5=0:51 27 � 2:5 = 2:38

Step 4. Convergence test fails. Go to LOOP Software Contention.

Step 3.

iter 4

Step 3. lo op with l = 3:

MV A Inputs:

� T O P The set of customer classes.

� N

T O P

= 3 The p opulation of each customer class.

� I

T O P

= 6:5 The think time of each customer class.

� M 1; M 2 The servers.

� V

T O P ;M 1

= 2; V

T O P ;M 2

= 1 Visits of customers to servers.

� S

T O P ;M 1

= 6:46; S

T O P ;M 2

= 6:92 Service time of customers at servers.

� �

M 1

= F C F S; �

M 2

= F C F S Scheduling disciplines.

MV A Outputs:

� R

T O P ;M 1

= 13:33; R

T O P ;M 2

= 10:72 Customer residence times(for single visit).

� U

M 1

= 0:8834; U

M 2

= 0:4729 Server utilizations.

Find new R

GRP

for customers:

� R

GRP

T O P

= 2(13:33) + 10:72 = 37:38

Find new R

g for customers: contention):

� R

T O P

= 37:38 + 6:5 = 43:88

Find new h

I for servers:

� R

I D L

M 1

= R

M 1

=U

M 1

� R

M 1

= 6:46=0:8834 � 6:46 = 0:85

� R

I D L

M 2

= 6:92=0:47 29 � 6:92 = 7:71

Step 3. lo op with l = 2:

MV A Inputs:

� M 1; M 2 The set of customer classes.

� N

M 1

= 1; N

M 2

= 1 The p opulation of each customer class.

� I

M 1

= 4:35; I

M 2

= 11:21 The think time of each customer class.

� B O T The servers.

� V

M 1;B O T

= 1; V

M 2;B O T

= 1 Visits of customers to servers.

� S

M 1;B O T

= 2:5; S

M 2;B O T

= 2:5 Service time of customers at servers.

� �

B O T

= F C F S Scheduling disciplines.

MV A Outputs:

� R

M 1;B O T

= 2:96; R

M 2;B O T

= 3:42 Customer residence times(for single visit).

� U

B O T

= 0:5127 Server utilization.

Find new R

GRP

for customers:

� R

GRP

M 1

= 2:96

� R

GRP

M 2

= 3:42

278

� N

T O P

= 3 The p opulation of each customer class.

� I

T O P

= 6:5 The think time of each customer class.

� M 1; M 2 The servers.

� V

T O P ;M 1

= 2; V

T O P ;M 2

= 1 Visits of customers to servers.

� S

T O P ;M 1

= 6:46; S

T O P ;M 2

= 6:92 Service time of customers at servers.

� �

M 1

= F C F S; �

M 2

= F C F S Scheduling disciplines.

MV A Outputs:

� R

T O P ;M 1

= 13:33; R

T O P ;M 2

= 10:72 Customer residence times(for single visit).

� U

M 1

= 0:8834; U

M 2

= 0:4729 Server utilizations.

Find new R

GRP for customers:

� R

GRP

T O P

= 2(13:33) + 10:72 = 37:38

Find new R g

for customers: contention):

� R

T O P

= 37:38 + 6:5 = 43:88

Find new h

I

for servers:

� R

I D L

M 1

= R

M 1

=U

M 1

� R

M 1

= 6:46=0:8834 � 6:46 = 0:85

� R

I D L

M 2

= 6:92=0:47 29 � 6:92 = 7:71

Step 3. lo op with l = 2:

MV A Inputs:

� M 1; M 2 The set of customer classes.

� N

M 1

= 1; N

M 2

= 1 The p opulation of each customer class.

� I

M 1

= 4:35; I

M 2

= 11:21 The think time of each customer class.

� B O T The servers.

� V

M 1;B O T

= 1; V

M 2;B O T

= 1 Visits of customers to servers.

� S

M 1;B O T

= 2:5; S

M 2;B O T

= 2:5 Service time of customers at servers.

� �

B O T

= F C F S Scheduling disciplines.

MV A Outputs:

� R

M 1;B O T

= 2:96; R

M 2;B O T

= 3:42 Customer residence times(for single visit).

� U

B O T

= 0:5127 Server utilization.

Find new R

GRP for customers:

� R

GRP

M 1

= 2:96

� R

GRP

M 2

= 3:42

Find new R g

for customers: contention):

� R

M 1

= 2:96 + 3:5 = 6:46

� R

M 2

= 3:42 + 3:5 = 6:92

Find new h

I

for servers:

277

� S

T O P ;M 1

= 6:47; S

T O P ;M 2

= 6:93 Service time of customers at servers.

� �

M 1

= F C F S; �

M 2

= F C F S Scheduling disciplines.

MV A Outputs:

� R

T O P ;M 1

= 13:35; R

T O P ;M 2

= 10:75 Customer residence times(for single visit).

� U

M 1

= 0:8833; U

M 2

= 0:4733 Server utilizations.

Find new R

GRP

for customers:

� R

GRP

T O P

= 2(13:35) + 10:75 = 37:44

Find new R

g for customers: contention):

� R

T O P

= 37:44 + 6:5 = 43:94

Find new h

I for servers:

� R

I D L

M 1

= R

M 1

=U

M 1

� R

M 1

= 6:47=0:8833 � 6:47 = 0:86

� R

I D L

M 2

= 6:93=0:47 33 � 6:93 = 7:72

Step 3. lo op with l = 2:

MV A Inputs:

� M 1; M 2 The set of customer classes.

� N

M 1

= 1; N

M 2

= 1 The p opulation of each customer class.

� I

M 1

= 4:36; I

M 2

= 11:22 The think time of each customer class.

� B O T The servers.

� V

M 1;B O T

= 1; V

M 2;B O T

= 1 Visits of customers to servers.

� S

M 1;B O T

= 2:5; S

M 2;B O T

= 2:5 Service time of customers at servers.

� �

B O T

= F C F S Scheduling disciplines.

MV A Outputs:

� R

M 1;B O T

= 2:96; R

M 2;B O T

= 3:42 Customer residence times(for single visit).

� U

B O T

= 0:5126 Server utilization.

Find new R

GRP

for customers:

� R

GRP

M 1

= 2:96

� R

GRP

M 2

= 3:42

Find new R

g for customers: contention):

� R

M 1

= 2:96 + 3:5 = 6:46

� R

M 2

= 3:42 + 3:5 = 6:92

Find new h

I for servers:

� R

I D L

B O T

= 2:5=0:51 26 � 2:5 = 2:38

Step 4. Convergence test fails. Go to LOOP Software Contention.

Step 3.

iter 3

Step 3. lo op with l = 3:

MV A Inputs:

� T O P The set of customer classes.

276

� U

M 1

= 0:8913; U

M 2

= 0:4456 Server utilizations.

Find new R

GRP for customers:

� R

GRP

T O P

= 2(12:41) + 9:07 = 33:89

Find new R g

for customers: contention):

� R

T O P

= 33:89 + 6:5 = 40:39

Find new h

I

for servers:

� R

I D L

M 1

= R

M 1

=U

M 1

� R

M 1

= 6=0:89 � 6 = 0:73

� R

I D L

M 2

= 6=0:45 � 6 = 7:46

Step 3. lo op with l = 2:

MV A Inputs:

� M 1; M 2 The set of customer classes.

� N

M 1

= 1; N

M 2

= 1 The p opulation of each customer class.

� I

M 1

= 4:23; I

M 2

= 10:96 The think time of each customer class.

� B O T The servers.

� V

M 1;B O T

= 1; V

M 2;B O T

= 1 Visits of customers to servers.

� S

M 1;B O T

= 2:5; S

M 2;B O T

= 2:5 Service time of customers at servers.

� �

B O T

= F C F S Scheduling disciplines.

MV A Outputs:

� R

M 1;B O T

= 2:97; R

M 2;B O T

= 3:43 Customer residence times(for single visit).

� U

B O T

= 0:5208 Server utilization.

Find new R

GRP for customers:

� R

GRP

M 1

= 2:97

� R

GRP

M 2

= 3:43

Find new R g

for customers: contention):

� R

M 1

= 2:97 + 3:5 = 6:47

� R

M 2

= 3:43 + 3:5 = 6:93

Find new h

I

for servers:

� R

I D L

B O T

= 2:5=0:52 08 � 2:5 = 2:3

Step 4. Convergence test fails. Go to LOOP Software Contention.

Step 3.

iter 2

Step 3. lo op with l = 3:

MV A Inputs:

� T O P The set of customer classes.

� N

T O P

= 3 The p opulation of each customer class.

� I

T O P

= 6:5 The think time of each customer class.

� M 1; M 2 The servers.

� V

T O P ;M 1

= 2; V

T O P ;M 2

= 1 Visits of customers to servers.

275

BEGIN Metho d of Layers

Step 2.

Find R

D E V

:

� R

D E V

B O T

= 2:5

� R

D E V

M 1

= 3:5

� R

D E V

M 2

= 3:5

� R

D E V

T O P

= 6:5

Find R

GRP

:

� R

GRP

B O T

= 0

� R

GRP

M 1

= 2:5

� R

GRP

M 2

= 2:5

� R

GRP

T O P

= 18

Find R

g

(Initial resp onse time estimates assuming no device and software contention):

� R

B O T

= 2:5

� R

M 1

= 6

� R

M 2

= 6

� R

T O P

= 24:5

Find R

I D L

:

� R

I D L

B O T

= 0

� R

I D L

M 1

= 0

� R

I D L

M 2

= 0

� R

I D L

T O P

= I

g

= 0

LOOP Device Contention

LOOP Software Contention

iter 0

Step 3.

iter 1

Step 3. lo op with l = 3:

MV A Inputs:

� T O P The set of customer classes.

� N

T O P

= 3 The p opulation of each customer class.

� I

T O P

= 6:5 The think time of each customer class.

� M 1; M 2 The servers.

� V

T O P ;M 1

= 2; V

T O P ;M 2

= 1 Visits of customers to servers.

� S

T O P ;M 1

= 6; S

T O P ;M 2

= 6 Service time of customers at servers.

� �

M 1

= F C F S; �

M 2

= F C F S Scheduling disciplines.

MV A Outputs:

� R

T O P ;M 1

= 12:41; R

T O P ;M 2

= 9:07 Customer residence times(for single visit).

274

Dev Iter Group INIT l = 3 l = 2 l = 3 l = 2 l = 3 l = 2 l = 3 l = 2 DEV

1 R

B O T

2.5 2.57

1 R

M 1

6.0 6.47 6.42 6.46 6.46 6.17

1 R

M 2

6.0 6.93 6.92 6.92 6.92 6.19

1 R

T O P

24.5 40.39 43.9 43.88 43.88 25.17

2 R

B O T

2.57 2.57

2 R

M 1

6.17 6.65 6.64 6.64 6.64 6.18

2 R

M 2

6.19 7.15 7.14 7.14 7.14 6.16

2 R

T O P

25.2 41.52 45.20 45.13 45.13 25.15

3 R

B O T

2.57 -

3 R

M 1

6.18 6.65 6.64 6.64 6.64 -

3 R

M 2

6.16 7.14 7.13 7.13 7.14 -

3 R

T O P

25.2 41.51 45.17 45.10 45.10 -

�nal R

B O T

2.57 - - - - - - - - -

�nal R

M 1

6.64 - - - - - - - - -

�nal R

M 2

7.14 - - - - - - - - -

�nal R

T O P

45.10 - - - - - - - - -

T able A.2: R g

Intermediate Results

273

Entity Pop V

M 1

V

M 2

V

LO W

V

D C P U

V

D I S K

S

D C P U

S

D I S K

TOP 3 2 2 - 6 1 1 0:5

M1 1 - - 1 3 1 1 0:5

M2 1 - - 1 1 1 1 0:5

LOW 1 - - - 2 1 1 0:5

T able A.1: a) T ask Service Demands p er Invo cation.

Pro ces sor Name Scheduling Discipline

DCPU Delay Server

DISK PS

T able A.1: b) Pro cessor Descriptions.

Entity T ask Scheduling Discipline

TOP Non-Serving

M1 FCFS Server

M2 FCFS Server

BOT FCFS Server

T able A.1: c) T ask Scheduling Discipline.

272

Device Contention Model

Software Contention Model

PS DELAY

DISK CPU

LOW M2 M1 TOP

LOW

M2 M1

TOP Device Contention Model Software Contention Model PS DELAY Think CPU Sensors Display

Data Link

Keyboard Display Data Link

Keyboard

Sensors

Population Sensors

Response Time Data Link 2 4 6 8 10 12 14 16 18 20

0100200300 Measured

MBaseline ABaseline Analytical

Solid-Analytical Dashed-Measured

Population Sensors

Response Time Display 2 4 6 8 10 12 14 16 18 20

0100200300400 Measured MBaseline

ABaseline Analytical

Solid-Analytical Dashed-Measured

”

Population Sensors

Response Time

Sensor

2 4 6 8 10 12 14 16 18 20 0

100

200

300

400

Measured

MBaseline

ABaseline

Analytical

Solid-Analytical

Dashed-Measured

Population Sensors

Response Time

Keyboard

2 4 6 8 10 12 14 16 18 20 0

100

200

300

400

Measured

MBaseline ABaseline

Analytical

Solid-Analytical

Dashed-Measured

”

Device Contention Model Software Contention Model PS DELAY Think CPU Sensors Track Table

Correlator

Display

Data Link

Keyboard 2 1 2 1 Track Table Display Data Link

Correlator Keyboard Sensors

”

””

DELAY

THINK COMPORT DELAY FIFO

FIFO

FIFO PS Device Contention Model

Software Contention Model

CPU DECODISK LOGDISK

TERMPORT

Agents

Customers

Agents

Customers

”

”

Population Of Agents

Response Time

Agent

1 2 3 4 5 0 100 200 300 400 Measured

MBaseline

ABaseline

Analytical Solid-Analytical

Dashed-Measured

”

”

DELAY

THINK Log Log COMPORT op2 op1 op2 op1 InitRemote

DELAY FIFO

FIFO

FIFO PS Device Contention Model

Software Contention Model

CPU DECODISK LOGDISK

TERMPORT

Display

InitRemote

Agents

Customers

Display

Agents

Customers

”

””” ”

G3 G1 G5

G2 G4

G5

G4 G3

G2

G1

t22 t21 t20 t19 t18

t17 t16

t15 t14 t13

t12 t11 t10 t9 t8

t7 t6 t5 t4 t3

t2 t1

p16

p15 p14

p13 p12 p11 p10

p9 p8

p7 p6 p5 p4 p3

p2 p1

” The MQNPN’s corresponding LGM

An MQNPN

Q5 Q4 Q3 Q2 Q1 Q5 Q4 Q3 Q2 Q1

” ”

Q3 Q2 Q1 T2 T1P3 P2 P1

” ” ” CPU

CPU Queue

CPU

QNPN-A PN derived from a QN

Disk2 Queue

Disk1 Queue

Routing Choice

1-p1 p1

Disk2

Disk1 QN-Queueing Network

1-p1 p1

Disk2

Disk1

”

Utilization of One Buffer Element

Number of Buffers

Three Producers, Six Consumers

0 0.25 0.5 0.75 1 12 34 0 0 0 2 0 0 0 -1 0 0 0 0 -2 -1 1 0 0 -1 -1 1

Utilization of One Buffer Element

Number of Buffers

Four Producers, Ten Consumers

0 0.25 0.5 0.75 1 12 34 0 0 0 2 1 0 -1 -2 1 1 0 0 -2 0 2 0 0 -2 -1 2