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0:11:11 0:27:43 0:20:16 0:20:16 0:16:32 0:16:32 19
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0:18:22 0:35:55 0:21:39 0:21:39 0:17:33 0:17:33 4
0:12:40 0:34:14 0:26:05 0:26:05 0:21:74 0:21:74 6
0:11:59 0:42:24 0:34:48 0:34:48 0:30:65 0:30:65 19
0:10:91 0:46:44 0:39:39 0:39:39 0:35:53 0:35:53 3
0:14:44 0:50:01 0:41:49 0:41:49 0:36:17 0:36:17 7
0:13:17 0:50:37 0:42:49 0:42:49 0:37:30 0:37:30 15
0:15:59 0:55:34 0:46:72 0:46:72 0:93:75 0:39:75 16
0:16:71 1:1:38 0:53:39 0:53:39 0:44:67 0:44:67 17
0:16:94 1:12:19 0:59:27 0:59:27 0:55:25 0:55:25 5
0:12:11 1:18:91 1:08:91 1:03:22 0:56:80 0:56:80 15
0:13:13 1:52:10 1:44:47 1:44:47 0:58:97 0:58:97 2
0:18:98 1:19:61 1:08:91 1:06:71 1:00:63 1:00:63 10
0:21:07 1:21:72 1:15:41 1:15:41 1:00:65 1:00:65 13
0:10:67 1:24:48 1:19:49 1:19:49 1:13:81 1:13:81 9
0:12:51 1:31:34 1:23:11 1:23:11 1:18:83 1:18:83 14
0:12:29 1:36:55 1:28:94 1:28:94 1:24:26 1:24:26 17
0:12:86 1:37:30 1:31:34 1:30:80 1:24:44 1:24:44 20
0:11:64 1:37:72 1:30:58 1:30:58 1:26:08 1:26:08 5
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0:17:43 1:48:60 1:41:52 1:41:52 1:31:17 1:31:17 9
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0:13:51 2:47:97 2:40:05 2:40:05 2:34:46 2:34:46 5
0:11:96 2:48:53 2:41:58 2:41:58 2:36:57 2:36:57 15
0:16:07 2:54:62 2:47:13 2:47:13 2:38:55 2:38:55 12
0:14:93 2:59:15 2:50:23 2:50:23 2:44:22 2:44:22 14
0:14:37 2:59:99 2:51:64 2:51:64 2:45:62 2:45:62 10
0:18:78 3:05:40 2:54:77 2:54:77 2:46:62 2:46:62 8
0:12:62 3:30:97 3:00:43 3:00:43 2:51:35 2:51:35 4
0:20:03 3:12:92 3:02:94 3:02:94 2:52:89 2:52:89 6
0:12:67 3:15:08 3:06:71 3:06:71 3:02:41 3:02:41 16
0:14:58 3:22:43 3:13:47 3:13:47 3:7:85 3:07:85 9
0:15:12 3:26:74 3:17:23 3:17:23 3:11:62 3:11:62 3
0:10:73 3:23:22 3:16:00 3:16:00 3:12:49 3:12:49 5
0:16:38 3:29:35 3:20:45 3:20:45 3:12:57 3:12:57 1
0:26:40 3:41:02 3:27:42 3:27:42 3:14:22 3:14:22 6
0:11:31 3:34:31 3:29:10 3:29:10 3:22:59 3:22:59 18
0:18:08 3:42:22 3:32:43 3:32:43 3:23:42 3:23:42 15
0:16:55 3:42:16 3:34:39 3:34:39 3:25:61 3:25:61 5
0:16:06 3:49:25 3:41:02 3:39:96 3:33:19 3:33:19 8
0:18:45 3:53:07 3:45:60 3:45:60 3:34:28 3:34:28 11
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0:20:26 4:02:48 3:55:73 3:55:73 3:42:22 3:42:22 3
0:23:78 4:07:79 3:59:33 3:59:33 3:44:01 3:44:01 15
0:25:34 4:11:53 4:02:75 4:02:75 3:46:19 3:46:19 13
0:25:34 4:11:53 4:06:70 4:06:70 3:47:86 3:47:86 9
0:20:43 4:17:44 4:09:55 4:09:55 3:56:51 3:56:51 20
0:21:55 4:20:06 4:14:19 4:14:19 3:58:51 3:58:51 17
0:19:76 4:21:38 4:15:62 4:15:62 4:01:62 4:01:62 16
0:23:89 4:27:18 4:18:00 4:18:00 4:03:29 4:03:29 7
0:27:67 4:31:08 4:22:90 4:22:90 4:03:41 4:03:41 5
0:26:37 4:32:86 4:23:89 4:23:89 4:06:49 4:06:49 3
0:22:96 4:34:42 4:27:95 4:27:95 4:11:46 4:11:46 4
0:27:96 4:40:56 4:33:07 4:33:07 4:12:60 4:12:60 13
0:30:19 4:43:47 4:36:04 4:36:04 4:13:28 4:13:28 6
0:27:18 4:45:03 4:37:23 4:37:23 4:17:85 4:17:85 1
0:28:19 4:46:73 4:39:27 4:39:27 4:18:54 4:18:54 9
0:38:01 4:56:76 4:45:95 4:45:95 4:18:75 4:18:75 10
0:28:07 4:53:39 4:46:46 4:46:46 4:24:69 4:24:69 16
0:30:78 4:57:26 4:50:66 4:50:66 4:26:48 4:26:48 18
0:27:04 4:59:29 4:51:27 4:51:27 4:31:89 4:31:89 19
0:30:69 5:05:97 4:58:53 4:58:53 4:35:28 4:35:28 17
0:23:08 5:10:65 5:02:31 5:2:31 4:47:57 4:47:57 8
0:21:42 5:10:99 5:01:85 5:01:85 4:49:17 4:49:17 4
0:21:84 5:14:30 5:05:97 5:04:10 4:53:46 4:53:46 16
0:20:22 5:18:49 5:10:65 5:09:78 4:58:27 4:58:27 1
0:26:59 5:25:41 5:15:25 5:15:25 4:58:42 4:58:42 15
0:13:11 5:21:26 5:14:49 5:14:49 5:08:15 5:08:15 7
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0:13:45 5:35:32 5:27:53 5:27:53 5:21:58 5:21:58 18
0:09:59 5:33:56 5:27:57 5:27:57 5:23:47 5:23:47 8
0:16:56 5:40:82 5:30:33 5:30:33 5:24:26 5:24:26 5
0:17:01 5:41:33 5:24:21 5:24:32 5:24:32 5:24:32 14
0:14:45 5:40:19 5:36:62 5:36:62 5:25:44 5:25:44 6
0:12:21 5:49:47 5:41:52 5:41:52 5:37:26 5:37:26 13
0:16:01 6:02:12 552554 5:52:54 5:46:11 5:46:11 14
0:11:08 5:58:81 5:51:82 5:51:82 5:48:13 5:48:13 3
0:13:26 6:07:10 6:00:35 6:00:35 5:53:84 5:53:84 20
0:13:47 6:13:31 6:04:49 6:04:49 5:59:84 5:59:84 12
0:14:29 6:14:83 6:07:10 6:06:90 6:00:94 6:00:94 16
0:11:21 6:13:69 6:05:44 6:05:44 6:02:48 6:02:48 9
0:15:92 6:23:90 6:13:00 6:13:00 6:7:98 6:7:98 10
0:14:65 6:30:98 6:22:26 6:22:26 6:16:33 6:16:33 16
0:17:72 6:38:37 6:26:51 6:26:51 6:20:55 6:20:55 9
0:13:07 6:38:18 6:30:41 6:30:41 6:24:51 6:24:51 20
0:13:04 6:45:19 6:38:20 6:38:20 6:31:29 6:31:29 15
0:15:26 6:50:91 6:43:18 6:43:18 6:35:65 6:35:65 14
0:15:55 6:57:10 6:45:03 6:45:03 6:41:55 6:41:55 19
0:15:26 6:55:49 6:49:54 6:49:54 6:44:23 6:44:23 9
0:11:83 7:05:02 6:58:65 6:58:65 6:53:16 6:53:16 14
0:08:83 7:02:04 6:57:24 6:57:24 6:53:21 6:53:21 20
0:15:00 7:11:92 7:02:12 7:02:12 6:56:52 6:56:52 7
0:12:21 7:16:72 7:07:77 7:07:77 7:04:51 7:04:51 2
0:16:45 7:21:31 7:12:25 7:12:25 7:04:38 7:04:38 11
0:17:33 7:22:43 7:11:8 7:11:08 7:05:10 7:05:10 8
0:22:61 7:29:32 7:18:80 7:18:80 7:06:71 7:06:71 19
0:21:59 7:31:80 7:22:66 7:22:66 7:10:21 7:10:21 20
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"Agalil) A g il Alsa g Jas il of allai BlSlaa "¢ l5le EMe )l

DPS:
\.. RSIT;

& i

I

ey B3 C2 B2 Cl B1 ih
e End Start End Start - No.
Repair Repair Removal Removal

Sl | i N e N = ~
Landl) bl bl ladll ladll - =
0:18:88 7:35:28 7:24:41 7:24:41 7:16:41 7:16:40 5
0:19:04 7:36:81 7:28:32 7:28:32 7:17:57 7:17:57 12
0:19:09 7:40:05 7:32:12 7:32:12 7:20:56 7:20:56 3
0:22:00 7:43:22 7:36:54 7:36:54 7:21:22 7:21:22 7
0:28:07 7:51:30 7:42:01 7:42:01 722798 7:22:23 6
0:28:02 7:50:49 7:41:49 7:41:49 7:22:47 7:22:47 10
0:31:08 7:55:28 7:46:22 7:46:22 7:23:48 7:23:48 1
0:47:44 7:57:29 7:50:49 7:50:49 T47:35 7:27:35 15
0:28:22 8:03:55 7:56:04 7:56:04 7:35:33 7:85:33 16
0:21:44 8:01:64 7:54:29 7:54:29 7:40:20 7:40:20 17
0:35:48 8:18:58 7:59:07 7:59:07 7:42:34 7:42:34 15
0:35:47 8:18:58 8:02:00 8:02:00 7:42:30 7:42:30 20
0:30:44 8:15:05 8:08:59 8:08:59 7:44:21 7:44:21 3
0:21:43 8:16:41 8:08:54 8:08:54 7:54:48 7:54:48 6
0:25:23 8:23:22 8:15:05 8:09:22 7:57:49 7:57:49 12
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Aali) Ay g (ilSa Lilua g Jas il gf 2l BlSLaa " lgle (g g ()
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= Al PR e dd Sy ¢ sana R JPRRRYS
S
100 (A <,/ Jhall dy) aisle JS) Jlaal) Jlaal

%33.615 2:41:35 6

%11.121 0:53:38 4

%28.083 2:14:08 7

%15.938 1:16:05 4

%31.367 2:30:56 9

%36.265 2:54:07 8

%19.240 1:32:35 7

%19.258 1:38:44 6

%29.385 2:21:05 8

%16.229 1:17:39 7

%9.692 0:46:52 3

%15.481 1:14:31 4

%18.038 1:26:58 5

%20.835 1:40:01 7

%37.558 3:00:28 9

%32.358 2:35:32 8

%25.542 2:02:06 6
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%11.646 0:55:09 3

%22.104 1:46:01 6

%28.790 2:18:19 8

Conclusion clalisngy) :la,
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program simulate (output);

Const

amount of machines =20;

amount of mechanics =4 ;

amount of equipments =3 ;

inter break down time =60;

break down_ seed =11;

removal time seed =12}

repair time seed =13;
Var -

at work :boolean;
ql, g2 i gueue;
mechanic, equipment sbing
mechanic util, equipment util:histogram;
broken B :record

number :cardinal;
content:histogram;
end;
{bound events}
procedure end working; ({breakdown} { Bl }
begin
if at _work then {machine can't break down after shift }
with broken do
begin
number :=number+1;
log histogram (content,number,1);

end;
give tail (gl,current];
end;
end;
procedure end remval; { B2 }
begin

with equipment do
log histogram (equipment util,number-num avail,l);
with mechanic do
log histogram (mechanic_util, number-num avail,1);
return (mechanic,1);
return (equipment,l);
,if at work then
begin 2
cause (1,current,negexp(inter_break_downﬁtime,breakdown_seed);
with broken do
begin
number :=number-1;
log_histogram (content, number, 1) ;
end;
endj;
else
begin
write('Finished repair at ');
write time;writln;

end;
{ Conditional events }
procedure start removal; { B2 }

begin
while (mechanic.num avail>0) and (not empty ((gl)) do
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e

begin
with mechanic do
lecg histogram (mechanic_util,number—num_avail,l);
acquire (mechanic,1);
cause (2,take_top(ql),normal(5,1,removal_time_seed));

end;
end;
procedure start repair; { &2 }
begin B
while (egipement.num avai>0) and (not empty (g2)) do
begin -
with equipment do
log histogram (equipment_util, number-num avail,l);
acquire (equipment,l);
cause (3,take top (g2),normal (8,2,repair_timeuseed));
end; -
end; i
procedure run; (duration:real: max c:integer) ;
Var
c:cardinal;
begin
running:=true;
repeat
1f calendar=calendar”.next then running:=false
else
begin

tim:=calendar”.next.item”.time;
if duration<tim then running:=false
else
begin
while (calendar<>calendar”.next) and
(tim=calendar”.next”.item”.time) do
begin
calender top;
case egurrent”.next B of
0 7
1: end working;
2: end removal;
3: end_repair;
end; i
end;
for c:=1 to max c do
case ¢ of
l: start removal:
2t gtart repalr;
end;
end;
end;
until net runnings;
end { run };

procedure initialize;
Var
iycardinal;
begin
make sim;
make streams;
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make_bin(mechanic,amount of mechanics);
make_bin(equipment,amoung_of_equipments);
make queue(ql);make queue(qg2);
{ set a shift working |}
at work:=true;
{ set breakdown times for all machines }
for i:=1 to amount of machines do
cause (1,new entity (1,1),negexp(inter break down time seed));
{ establish histogram |}
with broken do

begin
make histogram (content,1,1,false);
number:=0;

end;

make histogram (mechanic util,1,1,false);
make histogram (equipment util,1,1,false);
end; {initialize};

procedure report;

begin
writeln;
writeln('Number of Machines Broken Throughout Shift');
print_histogram(output,broken.content,60);
writeln;
writeln('Utilization of Mechanics');
print histogram(output,Mechanics_util,60);
writeln;
writeln('Utilization of Equipment');
print histogram(output,equipment_util, 60);

end {report };

Begin

initialize;

run(8*60,2); { close down the shift }

at work:=false;

{run the simulation out, ie. do all repairs left }

run(10000,2); {10000 is arbitary large number }

report;

end.
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