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e 2021 Global semiconductor industry sales were US$555.9 billion?
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e Semiconductor Industry Business Models

Design | Manufacturing
| Front End Back End

(Wafer Fabrication) (Assembly/Packaging/Testing)

Integrated Model
Integrated Device Manufacturers (IDMs)

A B
Fabless Design
Foundry Model
with -
Layer Specialization Foundries
Outsourced Assembly
& Test (OSATs)

A: IDMs utilize foundries for some manufacturing
B: IDMs utilize OSATs for some assembly/packaging/testing
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» Manufacturing integrated circuits is complex and costly
— TSMC'’s new fab will cost US$12B and take over 2 years to bring online

» Scheduling problems attracted researchers and practitioners for the last three decades
o Causes: high degree of automation even 30 years ago

— automated real-time data collection

— manual production control leads often to unexpected behavior of the system

» Increasing automation pressure by automated material handling systems (AMHS) and
new requirements on production control

=> Scheduling approaches are both promising and necessary in the
semiconductor domain

» Current state of the art in this industry:
— Sophisticated dispatching rule-based systems
— Optimization approaches for individual workcenters
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e Semiconductor chip = highly mlnlaturlzed mtegrated electronlc
circuit consisting of thousands of components

« Raw wafers = thin discs made of silicon or gallium arsenide
« Up to thousand identical chips can be made on each wafer.

1. The electronic circuits are build up layer by layer in a \Wafer fab.

2. Then the wafers are sent to Probe, where electrical tests identify any
die that is not good when packaged.

Front-end = Wafer fab + Probe

Wafer Fab

— ‘|_|‘

Assembly
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Into a package.

4. Packaged dies are sent to Test where they are tested before
they are going to customers.

Back-end = Assembly + Test

 In this talk => We consider mainly the wafer fab part of the
manufacturing process. ‘
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Wafer Fab Probe
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« Many process flows
o Each process flow contains up to 1200 steps

« Several hundred (often very expensive) machines
— A state-of-the-art lithography machine costs ~US$150M

e Unrelated parallel machines
e Re-entrant flows
 Different processing times

Material L

| Deposit [ | Pattem ) Etch Test |

Preparation | g  Film ‘_> Film Film | _‘

— |
l
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» \Wafer Processing times can be wafer-, lot-, or batch-based

e Long operations often involve batch processes (one third of
all operations might be batch operations)

* Non-linear flow because of mixture of batching and non-
batching machines => long queues in front of the machines

» Nested time constraints for the processing of jobs to prevent
native oxidation and contamination effects on the wafer
surface

 Probabilistic occurrence of long machine failures leads to
large variability
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e Some machines like implanters reqmre S|gn|f|cant sequencé—
dependent setup times

* Dynamic bottlenecks depending on the product mix

e Some processing steps require auxiliary resources such as reticles
In photolithography

o Wafers are transported in Front Opening Unified Pods (FOUP)
using an AMHS => manual handling of the wafers is not desirable

= Manufacturing environment that is different in several ways
from traditional flow and job shops
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» Batch = group of jobs that have to be processed together
o Completion time of a batch = completion time of the last job of the batch

» Two types of batching problems:
— s-batching: processing time of the batch is the sum of the processing time of the
jobs
— p-batching: processing time of the batch is the maximum processing time of the
jobs that form the batch

» p-batching is very important in semiconductor manufacturing.

» Assumption of a fixed batch size B
— burn-in ovens are used to heat-stress test chips

— diffusion furnaces => incompatible job families, only jobs of one job family can
be batched together due to the chemical nature of the process

* In some cases secondary resources are required for batching machines (load boards,
reticles)
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Example: three incompatible families, B=4

s family A A/fa‘r}ilyB\A\‘
(T r— aNuuaYuaaYida
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> Cluster tools combine single wafer
processing with wafer handling robots in
one closed environment.
> Example
= three load ports LP1,LP2,LP3 where
lots are deposed (three lots)
= wafers are transported to the two load
locks LL1, LL2 (two wafers)
= wafers are transferred to one of the four
processing chambers A,B,C,D by a two-armed robot

> Scheduling of cluster tools is challenging because of the cycle time
of wafers in a cluster tool depends on the used wafer recipes, cluster
tool control and architecture, wafer waiting times, and sequencing

[ LP1 [ LP2 [ LP3
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>Time constraints take on many forms

machine group 1

time constraint 1

' i:\% %ﬁﬁqﬁh :

machine group 2

A

machine group 1

machine group 2

machine group 3

\ 4

machine group 4

A

A 4

time constraint 1

machine group 1

machine group 2

machine group 3

machine group 4

7 N

ala
Ll bl

time constraint 1

time constraint 2

\ 4

machine group 1

machine group 2

machine group 3

machine group 4

machine group 5

A

\4

time constraint 1

y N

\ 4

time constraint 3

A

time constraint 2

\ 4

machine group 1

machine group 2

machine group 3

machine group 4

machine group 5

A

time constraint 1

\ 4

time constraint 2

P
<

time constraint 3

\ 4

\ 4

/' N




" ARIZONA STATE
2D UNIVERSITY

o

Schedutil

&

- mm“ ==

.1_-‘;.
F-: \

)

>Multiple orders per job problems

Orders (O) Jobs (J)

Order 1
(6 items) \

e

Job1=0Orders1&4

Order 2
(4 items)
Order 3

e

Order 4
(3 items)

Job2=0rders 2, 3,&5

(4 items)

Job 3 = Order 6
Order 6
(5 items)

\_ AN

Sequenced Jobs

e

Job 1

we

Job 3

\4

N

Job Formation

N

Job Scheduling
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Wafer fabs can be modeled as complex job shops (Ovacik & Uzsoy, 1997):
— unrelated parallel machines with sequence-dependent setup times
— parallel batch machines, re-entrant flows

— ready times of the jobs

FJm | r,,p—batch,incompatible,s;, recrc| > w,T, (1)

FJm|r;,p —batch,incompatible,s;,recrc| L., (2)

Disjunctive graph formulations to solve (1) and (2) => shifting bottleneck heuristic

Large-scale job shops: several hundred machines, several hundred jobs, diverse

production mix
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A Deterministic Scheduling Approach for
Wafer Fabrication Facilities

John Fowler
Scott Mason
Michele Pfund
Lars Mdnch
Oliver Rose

Mason, S.J., Fowler, J.W. and Matthew Carlyle, W., 2002. A modified shifting bottleneck
heuristic for minimizing total weighted tardiness in complex job shops. Journal of Scheduling,
5(3), pp.247-262.
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FORCe Scheduling

* Project Goal:

— To develop a deterministic scheduling approach that is

capable of handling global scheduling decisions in a fab
and performs well under uncertainty.

* Project funded by:

— Factory Operations Research Center (FORCe)
— International Sematech

— Semiconductor Research Corporation

UNIVERSITY¥ARKANSAS

OrHE
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» Characterized by sequencing n jobs on m machines in order to minimize
the total time required to process all jobs (makespanorC )

» Large computational effort associated with obtaining exact solutions to
real-world problems

— Potential for (n!)"different schedules to be evaluated
- Jm||C_... is NP-hard (Garey, Johnson, and Sethi, 1976)
— For 6 jobs and 5 machines, over 193 trillion schedules exist

« Many of the heuristics successfully applied to the Jm||C
are based on a disjunctive graph approach.

problem

max
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The Shifting Bottleneck Procedure

- Jm||C, .. problems are frequently analyzed using the Shifting
Bottleneck (SB) procedure (Adams, Balas, Zawack, 1988).

»  SBdecomposes Jm||C . into multiple instances of the 1| r; | L
problem (“subproblems”)

— Subproblems solved according to some specified “subproblem solution
procedure” (SSP), then evaluated in terms of a specified performance or
“machine criticality” measure (MCM).

— The “most critical” or bottleneck machine is scheduled at each iteration of
SB.

— Using this decomposition technique, key sections (tools) of problem
(factory) can be considered in order of importance.

max
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Minimizing Total Welghted Tardmess
In Complex Job Shops

e Jobj’s lateness |_J_ :Cj _dj
» Jobj 'stardiness T; = maX(Cj —dj ,0)

e Can scale each job’s tardiness by it’s prlorlty or weight W;, then sum
to compute total weighted tardiness ( Z i)

* Pinedo and Singer (1999) investigated Jm | I | ZWJ-TJ-

» Existence of ready times, recirculating flow, batching tool groups, and

sequence-dependent setups results in Flc|r i Jk,|3 reCfC|ZWjT,—
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Disjunctive Graph: FJc|r; ,sJ:B recrchw T
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Heuristic for I\/Ilnlmlzmg TWT in
Complex Job Shops

1. Let M = the set of all m tool groups and M, = the set of tool groups that
have been sequenced or scheduled. Set M, = @.

2. ldentify and solve the subproblems for each tool groupi e M\ M,
using a SSP.

3. ldentify a critical or bottleneck tool group k e M\ M, using a MCM.

4. Sequence tool group k using the solution from the SSP in Step 2. Set
M, =M, U {k}.

5. Optional: Reoptimize the schedule for each tool group i € M, \ {k},
considering the newly added conjunctive arcs for tool group k.

6. If M=M,, stop. Otherwise, go to Step 2.
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Case Study: AWaferFab Model
Static Instances

o Testbed Dataset 1 (https://p2schedgen.fernuni-
hagen.de/index.php?id=simulation&L.=1) was used to
evaluate TWT of schedules produced by five dispatching
rules and the modified SB heuristic (SBH)

 Dispatching rules investigated were
— Priority-based First-In/First-Out (PRFIFO)
— Least Slack (LSLACK)
— Priority-based Critical Ratio (PCR)
— Priority-based Earliest Due Date (PREDD)
— Shortest Processing Time (SPT)


https://p2schedgen.fernuni-hagen.de/index.php?id=simulation&L=1
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Case Study: A Wafer Fab I\/Iodel

« Using Dataset 1, the top 10 bottleneck tools that cost over $100,000
identified using Factory Explorer

— Created modified version of dataset containing top 10 bottleneck tools and
simulated process delay steps for all other tools’ assigned steps

* Asonly a percentage of Dataset 1°s production volume will be used in
the comparative analysis, the tool set quantities need to be reduced
such that critical or bottleneck tools still existed in our experimental
test cases.

— The revised quantity of tools in each tool group was determined using the
daily going rate (DGR) as calculated by Factory Explorer.

» Atool’s DGR is defined as the sum of product throughput rates
divided by the tool’s capacity loading (Wright Williams & Kelly
2000).
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Case Study: A Wafer Fab Model

* A sequence-dependent setup matrix was established for the dataset’s
ion implantation tools (medium- and high-current)

Current Proposed Species
Species P As BF, B
P - 45 75 60
As 45 - 60 75
BF, 45 30 - 45
B 30 45 45 -

» Investigated ten different 20-job instances of modified Dataset 1 model
with random ready times, weights, and due dates
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Case Study Results

» For each case, the values below represent the ratio of the
TWT solution obtained by the current method to the lowest
overall TWT solution (that is, 1.00 is the best solution).

Case PRFIFO LSLACK PCR PREDD SPT SBH

1 1.94 2.61 1.92 194 250 1.00
2 2.29 262 225 227 340 1.00
3 1.00 1.16 1.00 100 1.16 2.68
4 1.52 1.97 1.24 137 254 1.00
5 1.37 1.88 137 137 1.79 1.00
6 2.57 325 259 263 287 1.00
7 1.60 195 159 160 1.77 1.00
8 1.67 1.92 1.67 167 185 1.00
9 2.44 3.01 244 243 264 1.00
10 2.10 239 209 210 237 1.00
Avg 1.75 2.21 1.71 174 229 124
Var 0.30 046 033 033 0.58 0.40
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Our Shifting Bottleneck Heurlistic

SB Begin

Gather information on £l dlsu_mctlve grEp Construct schedules for all
corresponding to gathered
current lots, tool groups, information. Initiallv. all unscheduled tool groups and
future lots, and factory ———» : Y. — P select the most critical tool

tool groups are .
from MES. unscheduled. group and fix its schedule.

Factory operations
continue under new

tool group schedules. no

A 4

A

Do all tool Reevaluate all tool groups with
Publish fixed yes groups previously fixed schedules to
schedulesto [ have fixed see if any improvement can be
MES. schedules? made in overall schedule.

SB End
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Case Study: A Wafer Fab Model
Dynamic Instances

« Comparison of Shifting Bottleneck Heuristic (SBH) and dispatching rules
o Dispatch rules: FIFO, EDD, CR, ODD, ATCS
o Fabs:

— Fab A = MiniFab (5 tools),

— Fab B =top 11 bottleneck work centers of Fab C (45 tools)

— Fab C = MIMAC test bed data set 1 (268 tools, no operators,
no reticles)

o Simulated interval: 40 (Fab C) to 500 (Fab A & B) days (without warm-
up)
» Bottleneck load: approx. 95%

* Due-date setting: tight (close to FIFO dispatch cycle time averages)
» Performance measure: Total weighted tardiness (TWT)
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o Scheduling interval: 2 to 16 hrs

o Additional horizon: 0 to 16 hrs
— Complete horizon: scheduling interval + additional horizon

e Choice of Subproblem Solution Procedures (SSP): FIFO,
EDD, CR, ODD, BATCS (for batch tools) +ATCS (for
regular tools), BATCS+CR, BATCS+0ODD

e Number of re-optimization steps
e (B)ATCS parameters
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Part 1: Fab A & B (small models)
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SBH vs Dispatching
 TWT Is given in seconds, other parameters set to
reasonable/optimal values

e Fab A: best SBH value Is 13.4 % of best dispatch value

15000000
TWT m SBH
m Dispatching
10000000
5000000 I I
0 :

BATCS+ODD
aatcs+aTcs
ODDi
cr
gaTcs+EDDM
EDD
FIFO
DSP-ODDg
DSP-CR gy
DSP-ATCS
DSP-EDD
DSP-FIFO
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SBH vs Dispatching

e Fab B: best SBH value .0025 % of best dispatch value

100000000
TWT 1 SBH
75000000 m Dispatchin
50000000
25000000 I I I
O !-O !I I T T T T T T D. T . T T D T O
QO o wn
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0 a8 g



"ARIZONA STATE

UNIVERSITY

Scheduling interval & addltlonal horizon

 Fab B: Short intervals and short horizons lead to best results

120000000

100000000 - T™WT
80000000 - (BATCS+0ODD)
60000000 -
40000000
20000000 |
o

=

400000000
300000000 | TWT
250000000 (BATCS+ATCS)
200000000 -
150000000
100000000
50000000
0

every 2h every 4h every 8h every 16h
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sum_tardy

TWT 
(BATCS+ODD)

29553

29553

0

3852

1847

38

15097

4875

0

2792

0

6568

499018

450762

510359

360464

569625

3946723

75682918
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81921813

123987073

120406996

113846340



Optionen

		Fabrik		goloFab				STNFAM		BARRIER_OX		DRIVE_OX		IMPLANT_OX		INTERGATE		LTO		OXIDE_1		POLY_DEP

								BatchMN		1		2		1		1		1		1		1

		Simulationszeit		100 d				BatchMX		6		6		6		2		3		6		3

		Startzeit		01/01/2001 08:00:00				BATCHCRITF		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep

		Sonsiges:		Repeat		Pieces		RPT				Simulation_parameters

		part_1		182 min		48		1000000				time_accuracy		11

		part_2		359 min		48		1000000				Horizont		variabel

												resched		false

		Scheduleraufruf				2,4,8,16 h						stn_downtime		unwichtig

		SSP(Scheduler)				FIFO, BATC, BATC+ODD						max_reop_steps		2

		Horizont				0,1,2,4,8,16 h						due_date_estimator		simulation (linear bei odd)

		FF		part_1:		1.32						batcs_k1		variabel

				part_2:		1.32						atcs_k1		variabel

												batc_slack_weight		variabel

												atc_slack_weight		variabel

												objective_accuracy		0

		Bemerkungen:		vergleicht die Parameter Aufrufintervall, Horizont, Regel, FF in einem ausführlichen Versuch

				bei BATC und BATC+ODD wurde der Algorithmus von Detlef angewendet, bei dem mehrere Parameter für k1 und slackweight ausprobiert werden

				bei BATC+ODD wird linear als due_date_estimator gewählt

		Ergebnisse:		Scheduler überzeugt bei allen Regeln außer FIFO und schlägt Dispatching deutlich

				DSP-ODD mit Abstand die beste Dispatching-Regel

				Der Scheduler funktioniert nur richtig bei einem Aufrufintervall von 2 oder 4 Stunden

				Der Horizont-Einfluss scheint unabhängig vom Aufrufintervall zu sein (keine Verschiebung)

				Bei ODD ist der Horizont-Einfluss ziemlich unregelmäßig

				Bei BATC ist ein kleiner Horizont besser, bei BATC+ODD eher ein großer Horizont





Gesamt-Vergleich

		Vergleich von Summe aus Part1+Part2

		Hier werden die besten Ergebnisse

		jeder Regel verwendet!!!

		Scheduler:				sum_tardy		sum_early		zu spät

		BATC+ODD				1847		31396300		0.09%

		BATC				0		21692777		0.00%

		ODD				14299		22108557		0.35%

		FIFO				52883064		2944275		84.02%

		Dispatching:

		DSP-ODD				54589		23011244		1.32%

		DSP-CR				58723		9672865		5.20%

		DSP-FIFO				18193985		5317564		67.37%

		DSP-EDD				48780915		3687460		87.06%





Gesamt-Vergleich
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Gesamt-Vergleich (Vorlage)

		



sum_tardy

sum_early



Gesamt-Vergleich (ODD)

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		every 2h		0h		29553		1468653		95.59%		1:42 min

				1h		29553		1395033		96.44%		2:06 min

				2h		0		1405276		96.36%		2:31 min

				4h		3852		1309238		96.60%		3:50 min

				8h		1847		1430156		95.25%		6:47 min

				16h		38		1494719		95.36%		16:26 min

		every 4h		0h		15097		1325571		95.65%		1:26 min

				1h		4875		1822224		92.23%		1:42 min

				2h		0		2944275		84.02%		1:58 min

				4h		2792		1439511		95.52%		2:45 min

				8h		0		1378133		96.34%		5:00 min

				16h		6568		1305340		95.71%		9:33 min

		every 8h		0h		499018		1259861		97.42%		1:36 min

				1h		450762		1236753		97.60%		1:43 min

				2h		510359		1276375		96.53%		1:59 min

				4h		360464		1285897		96.70%		2:35 min

				8h		569625		1318735		96.79%		3:50 min

				16h		3946723		1185412		97.14%		6:44 min

		every 16h		0h		75682918		1532518		95.77%		2:35 min

				1h		96475790		1390680		96.85%		2:40 min

				2h		81921813		1424245		97.22%		2:52 min

				4h		123987073		1281919		96.67%		3:19 min

				8h		120406996		1495447		96.59%		4:29 min

				16h		113846340		1241438		97.46%		7:07 min





Gesamt-Vergleich (ODD)
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Gesamt-Vergleich (BATC)

		



sum_tardy

sum_early



Gesamt-Vergleich (BATC+ODD)

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		2h		0h		10999699		7012819		56.27%		1:26 min

				1h		973423		17246938		11.71%		1:48 min

				2h		6503360		4536795		62.75%		2:32 min

				4h		14299		22108557		0.35%		3:18 min

				8h		10754416		4389157		66.49%		6:43 min

				16h		239998		17603791		5.63%		12:13 min

		4h		0h		7460714		2896410		77.05%		1:16 min

				1h		7115188		3337804		70.67%		1:29 min

				2h		518681		16011207		6.54%		1:35 min

				4h		9189831		4158689		70.99%		2:16 min

				8h		9780350		5965152		59.89%		3:49 min

				16h		2226925		9991050		29.33%		7:38 min

		8h		0h		25231777		2156879		90.35%		1:20 min

				1h		35952476		1993388		90.71%		1:32 min

				2h		35297670		1785340		94.42%		1:45 min

				4h		34405513		1958214		93.01%		2:13 min

				8h		37000218		2227686		87.33%		3:12 min

				16h		33074618		1988755		93.71%		5:48 min

		16h		0h		130069009		1293779		96.18%		2:10 min

				1h		135057654		1307044		95.27%		2:25 min

				2h		142509483		1671678		94.97%		2:33 min

				4h		169915544		1636400		95.17%		3:10 min

				8h		177361109		1211723		95.97%		4:20 min

				16h		187033903		1418639		95.87%		6:23 min





Gesamt-Vergleich (BATC+ODD)

		



sum_tardy



Gesamt-Vergleich (FIFO)

		



sum_tardy

sum_early



DSP-Erg

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		2h		0h		0		21692777		0.00%		8:19 min

				1h		0		19630345		0.00%		14:16 min

				2h		3096812		3883926		51.99%		29:11 min

				4h		6364626		6792682		53.66%		54:13 min

				8h		13471853		2788753		77.61%		2:10:14 min

				16h		105747636		2794346		80.48%		7:51:19 min

		4h		0h		320101		4511471		14.54%		14:12 min

				1h		4124671		2456375		60.07%		25:00 min

				2h		21709895		5751816		51.90%		29:05 min

				4h		8130056		4227138		66.75%		43:48 min

				8h		33195259		2822173		74.58%		1:30:43 min

				16h		143220462		2504291		87.14%		5:00:39 min

		8h		0h		84305297		2080719		79.53%		27:26 min

				1h		108041028		2626339		79.25%		34:37 min

				2h		108199748		2659287		73.74%		41:23 min

				4h		117455921		2077841		83.13%		1:00:13 min

				8h		162400865		2223206		89.45%		2:05:13 min

				16h		257519211		2167952		90.73%		6:10:04 min

		16h		0h		315240756		1611717		93.56%		1:43:15 min

				1h		329631222		1132736		95.58%		2:09:39 min

				2h		316513550		972557		95.47%		1:53:28 min

				4h		304461736		1215051		94.23%		2:24:45 min

				8h		353115299		1627942		93.08%		6:03:09 min

				16h		340859155		1272228		92.79%		15:20:12 min





DSP-Erg

		



sum_tardy



BATC - 2h

		



sum_tardy

sum_early



BATC - 4h

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		2h		0h		29553		21220917		0.35%		3:51 min

				1h		29553		21220917		0.35%		5:13 min

				2h		0		20390997		0.00%		6:59 min

				4h		3852		24019714		0.18%		11:09 min

				8h		1847		31396300		0.09%		21:28 min

				16h		38		29845193		0.09%		56:20 min

		4h		0h		15097		17873317		0.26%		3:43 min

				1h		4875		15791082		0.35%		4:48 min

				2h		0		18995971		0.00%		6:04 min

				4h		2792		21956168		0.18%		8:33 min

				8h		0		28794986		0.00%		14:45 min

				16h		6568		27141528		0.18%		33:28 min

		8h		0h		499018		8320418		12.06%		4:43 min

				1h		450762		8649841		11.20%		5:36 min

				2h		510359		8676323		9.16%		6:34 min

				4h		360464		10903777		8.11%		8:31 min

				8h		569625		9100977		12.42%		13:41 min

				16h		3946723		3692230		56.27%		26:02 min

		16h		0h		75682918		1551616		93.82%		8:36 min

				1h		96475790		1516128		95.05%		9:34 min

				2h		81921813		1088907		96.23%		9:44 min

				4h		123987073		1281212		95.03%		12:11 min

				8h		120406996		1119225		96.74%		16:59 min

				16h		113846340		1212899		95.74%		25:38 min





BATC - 4h

		



sum_tardy



BATC - 8h

		



sum_tardy

sum_early



BATC - 16h

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		2h		0h		74027606		1468653		95.59%		1:42 min

				1h		69025537		1395033		96.44%		2:06 min

				2h		67144659		1405276		96.36%		2:31 min

				4h		79614545		1309238		96.60%		3:50 min

				8h		77467817		1430156		95.25%		6:47 min

				16h		88092487		1494719		95.36%		16:26 min

		4h		0h		65525120		1325571		95.65%		1:26 min

				1h		67803940		1822224		92.23%		1:42 min

				2h		52883064		2944275		84.02%		1:58 min

				4h		78641262		1439511		95.52%		2:45 min

				8h		100008863		1378133		96.34%		5:00 min

				16h		80909878		1305340		95.71%		9:33 min

		8h		0h		88436899		1259861		97.42%		1:36 min

				1h		88204224		1236753		97.60%		1:43 min

				2h		87120076		1276375		96.53%		1:59 min

				4h		92900741		1285897		96.70%		2:35 min

				8h		93714840		1318735		96.79%		3:50 min

				16h		90884735		1185412		97.14%		6:44 min

		16h		0h		158265661		1532518		95.77%		2:35 min

				1h		139558084		1390680		96.85%		2:40 min

				2h		151772876		1424245		97.22%		2:52 min

				4h		152794314		1281919		96.67%		3:19 min

				8h		165340050		1495447		96.59%		4:29 min

				16h		182033204		1241438		97.46%		7:07 min





BATC - 16h

		



sum_tardy



BATC+ODD - 2h

		



sum_tardy

sum_early



BATC+ODD - 4h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		DSP-ODD		min		0.66%		part_1		5		5682		10399		752		95379		15941689		1992		23519		757		-8629197		886556853		0		757		374763		11214.9

						2.64%		part_2		10		8840		44190		369		67123		7069555		5574		22250		379		-8622644		-1723879763		0		379		477434		10022.5

						1.32%				15				54589		1121				23011244

		DSP-CR		min		5.16%		part_1		39		3629		43295		717		94348		5496349		2733		4255		756		-8633566		884729946		0		756		388595		8752.96

						5.28%		part_2		20		3829		15428		359		46366		4176516		456		13252		379		-8620009		-1726744040		0		379		484992		7532.02

						5.20%				59				58723		1076				9672865

		DSP-FIFO		min		55.35%		part_1		419		45819		5210264		338		95379		4898342		504		8517		757		-8639590		870313641		0		757		396220		17848.3

						91.51%		part_2		345		117203		12983721		32		49171		419222		44257		2967		377		-8617496		-1726214983		0		377		529299		24455.4

						67.37%				764				18193985		370				5317564

		DSP-EDD		min		83.13%		part_1		626		104893		22976771		127		95906		3079819		64240		1349		753		-8637282		885268407		0		753		422232		30515.9

						94.93%		part_2		356		182272		25804144		19		67000		607641		78786		13851		375		-8610421		-1721678503		0		375		563162		35960.6

						87.06%				982				48780915		146				3687460





BATC+ODD - 8h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		8:19 min		0.00%		part_1		0		0		0		758		93322		15765140		-1		16048		291		-2		-308		0		758		375010		8919.7

						0.00%		part_2		0		0		0		379		82121		5927637		-1		10046		155		-2		-163		0		379		480331		7176.89

						0.00%				0				0		1137				21692777

		1h		14:16 min		0.00%		part_1		0		0		0		758		86460		14139014		-1		32731		283		-2		-298		0		758		377155		8748.82

						0.00%		part_2		0		0		0		379		82886		5491331		-1		11500		147		-2		-157		0		379		481482		7497.06

						0.00%				0				0		1137				19630345

		2h		29:11 min		48.21%		part_1		364		21491		1144078		391		88640		2891360		117		512		319		-2		-345		0		755		393494		10890.7

						59.52%		part_2		225		85232		1952734		153		80829		992566		171		1000		173		-2		-181		0		378		498511		14271

						51.99%				589				3096812		544				3883926

		4h		54:13 min		48.61%		part_1		367		34718		1729023		388		80166		4969475		1156		978		316		-2		-330		0		755		391516		14831.6

						63.76%		part_2		241		71574		4635603		137		94263		1823207		13615		1391		168		-2		-184		0		378		503411		22477.9

						53.66%				608				6364626		525				6792682

		8h		2:10:14 min		74.40%		part_1		561		41922		5150800		193		85890		2090163		18157		598		299		-2		-324		0		754		399867		14097.5

						84.04%		part_2		316		122005		8321053		60		83946		698590		49789		78		163		-2		-177		0		376		516244		25091.3

						77.61%				877				13471853		253				2788753

		16h		7:51:19 min		76.53%		part_1		577		94578		15409698		177		95740		2170200		56531		1209		302		-2		-324		0		754		413367		26229.5

						88.59%		part_2		326		487436		90337938		42		96161		624146		267964		784		149		-2		-168		0		368		739758		148178

						80.48%				903				105747636		219				2794346





BATC+ODD - 16h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		14:12 min		10.19%		part_1		77		3969		82525		679		83026		3473494		1786		2156		444		-2		-509		0		756		391323		9051.97

						23.22%		part_2		88		13561		237576		291		76150		1037977		5347		2362		237		-2		-282		0		379		493859		7544.92

						14.54%				165				320101		970				4511471

		1h		25:00 min		55.76%		part_1		421		25069		1542469		334		89184		1845319		1099		601		444		-2		-505		0		755		395407		9818.21

						68.70%		part_2		259		67549		2582202		118		76567		611056		19640		901		233		-2		-265		0		377		501200		13892.1

						60.07%				680				4124671		452				2456375

		2h		29:05 min		41.14%		part_1		311		25739		1437069		445		91166		4508890		2181		2959		449		-2		-500		0		756		391745		12567.9

						73.73%		part_2		275		210169		20272826		98		92746		1242926		136963		162		228		-2		-256		0		373		546989		65597.6

						51.90%				586				21709895		543				5751816

		4h		43:48 min		62.83%		part_1		475		33863		3005652		281		94935		3168036		12690		177		474		-2		-549		0		756		395593		14050.6

						74.60%		part_2		282		77126		5124404		96		64997		1059102		54984		325		217		-2		-266		0		378		506726		19613.2

						66.75%				757				8130056		377				4227138

		8h		1:30:43 min		67.95%		part_1		513		72721		6891365		242		95505		2368830		24223		416		407		-2		-458		0		755		401798		17761.4

						87.97%		part_2		329		212005		26303894		45		76795		453343		63907		88		209		-3		-245		0		374		565090		55390.4

						74.58%				842				33195259		287				2822173

		16h		5:00:39 min		84.99%		part_1		640		155576		20969455		113		95435		1912966		46957		543		438		-3		-506		0		753		421115		29876.6

						91.64%		part_2		329		697818		122251007		30		110989		591325		414018		1019		228		-3		-263		0		359		834856		219634

						87.14%				969				143220462		143				2504291





FIFO - 2h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		27:26 min		75.10%		part_1		567		89546		11505130		188		93875		1680212		16872		3244		524		-4		-728		0		755		408821		22234.7

						88.98%		part_2		315		609365		72800167		39		52612		400507		543826		787		273		-3		-385		0		354		700490		192991

						79.53%				882				84305297		227				2080719

		1h		34:37 min		74.90%		part_1		564		93580		12499588		189		83522		2113307		56955		5711		512		-3		-728		0		753		409601		23196.7

						88.86%		part_2		303		812875		95541440		38		73349		513032		740718		1724		254		-4		-366		0		341		774647		261265

						79.25%				867				108041028		227				2626339

		2h		41:23 min		67.86%		part_1		511		90854		11254574		242		91578		2207451		20860		4014		560		-4		-772		0		753		407823		22459.8

						86.76%		part_2		295		811356		96945174		45		90946		451836		663660		128		254		-3		-344		0		340		779775		247760

						73.74%				806				108199748		287				2659287

		4h		1:00:13 min		80.69%		part_1		610		114240		15576958		146		87981		1618860		12192		2114		536		-4		-763		0		756		414271		24551.6

						88.66%		part_2		297		891714		101878963		38		95968		458981		826051		2103		237		-3		-341		0		335		798717		288880

						83.13%				907				117455921		184				2077841

		8h		2:05:13 min		88.42%		part_1		664		142582		28227778		87		92340		1658820		25993		9		566		-3		-805		0		751		431186		33713

						91.88%		part_2		294		1199249		134173087		26		94161		564386		1159503		3047		243		-3		-342		0		320		913498		364911

						89.45%				958				162400865		113				2223206

		16h		6:10:04 min		90.64%		part_1		678		181876		40827446		70		88289		1655118		88304		2879		546		-4		-771		0		748		448177		41697.8

						90.94%		part_2		281		1506474		216691765		28		98717		512834		1432774		966		227		-3		-311		0		309		1.20E+06		471274

						90.73%				959				257519211		98				2167952





FIFO - 4h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:43:15 min		93.81%		part_1		697		234928		67184665		46		87915		1263747		81583		868		668		-6		-1538		0		743		484531		54870.9

						92.86%		part_2		247		2422589		248056091		19		79536		347970		2326648		2311		235		-6		-511		0		266		1.43E+06		774474

						93.56%				944				315240756		65				1611717

		1h		2:09:39 min		95.97%		part_1		715		212605		68937076		30		94193		920996		93277		3446		658		-6		-1486		0		745		487105		51019.9

						94.40%		part_2		236		2906777		260694146		14		81562		211740		2695887		1284		205		-6		-474		0		250		1.54E+06		907641

						95.58%				951				329631222		44				1132736

		2h		1:53:28 min		95.59%		part_1		715		229894		65427523		33		95281		781714		141716		1494		651		-7		-1465		0		748		482233		50002.3

						95.15%		part_2		255		2449256		251086027		13		72049		190843		2244012		1875		235		-6		-489		0		268		1.43E+06		736647

						95.47%				970				316513550		46				972557

		4h		2:24:45 min		93.94%		part_1		698		207693		65885839		45		95185		1003663		85150		1341		644		-6		-1509		0		743		483133		47349.1

						94.98%		part_2		265		2158872		238575897		14		87521		211388		1936245		1144		234		-6		-514		0		279		1.35E+06		665669

						94.23%				963				304461736		59				1215051

		8h		6:03:09 min		92.89%		part_1		692		278870		61233882		53		94278		1260047		62355		2780		659		-5		-1406		0		745		476310		53307.4

						93.59%		part_2		263		2220187		291881417		18		102067		367895		2104887		4217		241		-6		-466		0		281		1.53E+06		700965

						93.08%				955				353115299		71				1627942

		16h		15:20:12 min		92.75%		part_1		691		243400		68449367		54		88932		1044060		133350		115		665		-7		-1479		0		745		486285		58583.1

						92.91%		part_2		249		2331383		272409788		19		83625		228168		2135698		307		234		-6		-532		0		268		1.51E+06		751744

						92.79%				940				340859155		73				1272228





FIFO - 8h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		3:51 min		0.00%		part_1		0		0		0		757		88335		13574693		-1		23478		283		-2		-300		0		757		377876		7717.28

						1.06%		part_2		4		23018		29553		375		94499		7646224		716		24796		144		-2		-154		0		379		475874		7584.17

						0.35%				4				29553		1132				21220917

		1h		5:13 min		0.00%		part_1		0		0		0		757		88335		13574693		-1		23478		283		-2		-300		0		757		377876		7717.28

						1.06%		part_2		4		23018		29553		375		94499		7646224		716		24796		144		-2		-154		0		379		475874		7584.17

						0.35%				4				29553		1132				21220917

		2h		6:59 min		0.00%		part_1		0		0		0		757		94844		13057636		-1		21042		307		-2		-331		0		757		378559		8177.54

						0.00%		part_2		0		0		0		379		97695		7333361		-1		20583		149		-2		-159		0		379		476622		7232.79

						0.00%				0				0		1136				20390997

		4h		11:09 min		0.00%		part_1		0		0		0		757		89170		15548291		-1		12870		302		-2		-320		0		757		375269		7008.34

						0.53%		part_2		2		3234		3852		377		55604		8471423		618		14837		138		-2		-145		0		379		473629		6200.34

						0.18%				2				3852		1134				24019714

		8h		21:28 min		0.00%		part_1		0		0		0		758		86491		21233867		-1		27248		297		-2		-317		0		758		367795		7107.46

						0.26%		part_2		1		1847		1847		379		84199		10162433		1847		32641		149		-2		-156		0		380		469233		7192.79

						0.09%				1				1847		1137				31396300

		16h		56:20 min		0.00%		part_1		0		0		0		758		91933		20201936		-1		23995		303		-2		-324		0		758		369156		7348.03

						0.26%		part_2		1		38		38		379		94459		9643257		38		27020		154		-2		-165		0		380		470594		7980.72

						0.09%				1				38		1137				29845193





FIFO - 16h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		3:43 min		0.13%		part_1		1		1690		1690		756		90660		11384948		1690		16341		450		-3		-510		0		757		380771		8325.42

						0.53%		part_2		2		12529		13407		377		93635		6488369		878		8163		219		-2		-248		0		379		478887		7197.93

						0.26%				3				15097		1133				17873317

		1h		4:48 min		0.00%		part_1		0		0		0		757		94613		10017370		-1		10739		444		-3		-496		0		757		382575		8470.26

						1.06%		part_2		4		2418		4875		375		95635		5773712		1740		12581		225		-2		-247		0		379		480750		7861.44

						0.35%				4				4875		1132				15791082

		2h		6:04 min		0.00%		part_1		0		0		0		757		85769		12232360		-1		20362		468		-2		-522		0		757		379649		6999.59

						0.00%		part_2		0		0		0		379		59443		6763611		-1		19001		233		-2		-251		0		379		478125		6313.71

						0.00%				0				0		1136				18995971

		4h		8:33 min		0.13%		part_1		1		1392		1392		756		87360		14395965		1392		27164		450		-2		-504		0		757		376793		6875.16

						0.26%		part_2		1		1400		1400		378		53107		7560203		1400		26379		226		-2		-250		0		379		476027		6551.93

						0.18%				2				2792		1134				21956168

		8h		14:45 min		0.00%		part_1		0		0		0		757		87899		19397690		-1		22357		458		-2		-526		0		757		370184		7198.42

						0.00%		part_2		0		0		0		380		50290		9397296		-1		24173		225		-3		-252		0		380		471241		6646.17

						0.00%				0				0		1137				28794986

		16h		33:28 min		0.00%		part_1		0		0		0		757		95094		18334191		-1		17478		444		-3		-500		0		757		371588		7099.66

						0.53%		part_2		2		3643		6568		378		93675		8807337		3643		21038		231		-2		-262		0		380		472811		8139.56

						0.18%				2				6568		1135				27141528





ODD - 2h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		4:43 min		11.89%		part_1		90		13604		265754		667		94312		5583606		532		4748		564		-3		-801		0		757		388783		8887.03

						12.40%		part_2		47		17612		233264		332		47274		2736812		4173		10753		298		-3		-433		0		379		489365		7220.46

						12.06%				137				499018		999				8320418

		1h		5:36 min		8.87%		part_1		67		14516		205360		688		85751		5783405		2011		4591		569		-4		-823		0		755		388420		9379.02

						15.83%		part_2		60		19601		245402		319		58349		2866436		720		9611		290		-3		-436		0		379		489055		8272.07

						11.20%				127				450762		1007				8649841

		2h		6:34 min		6.35%		part_1		48		12600		171578		708		90069		5864147		297		2132		560		-3		-796		0		756		388278		9216.08

						14.78%		part_2		56		30032		338781		323		67421		2812176		2760		9936		279		-3		-396		0		379		489445		8983.1

						9.16%				104				510359		1031				8676323

		4h		8:31 min		5.69%		part_1		43		9110		104795		713		90854		7426403		2358		7112		583		-4		-854		0		756		386123		9902.89

						12.93%		part_2		49		28164		255669		330		71590		3477374		1461		1364		284		-4		-413		0		379		487470		9594.79

						8.11%				92				360464		1043				10903777

		8h		13:41 min		9.79%		part_1		74		13308		256521		682		94312		6236676		1714		98		543		-3		-810		0		756		387898		9586

						17.68%		part_2		67		18487		313104		312		56886		2864301		590		2387		285		-3		-423		0		379		489240		8462.84

						12.42%				141				569625		994				9100977

		16h		26:02 min		53.45%		part_1		403		22257		1981589		351		85276		2648550		11337		1792		574		-4		-858		0		754		394923		11637.4

						61.90%		part_2		234		39147		1965134		144		63770		1043680		15168		3528		296		-4		-426		0		378		498409		11566.8

						56.27%				637				3946723		495				3692230





ODD - 4h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		8:36 min		93.69%		part_1		698		136216		49817815		47		90259		1186859		115673		932		645		-6		-1609		0		745		461084		42234.1

						94.09%		part_2		350		152381		25865103		22		86819		364757		122463		3639		302		-6		-695		0		372		564520		41982.5

						93.82%				1048				75682918		69				1551616

		1h		9:34 min		94.74%		part_1		702		179971		63322025		39		95474		1174068		141243		9816		638		-6		-1580		0		741		479678		51789.1

						95.69%		part_2		355		180213		33153765		16		82650		342060		137075		8241		303		-6		-758		0		371		584412		50954

						95.05%				1057				96475790		55				1516128

		2h		9:44 min		96.23%		part_1		714		154693		53674346		28		92585		886697		148850		2910		659		-6		-1581		0		742		466950		43632.5

						96.24%		part_2		358		163432		28247467		14		86660		202210		138557		356		314		-5		-701		0		372		571361		41649.4

						96.23%				1072				81921813		42				1088907

		4h		12:11 min		94.71%		part_1		698		241702		81789272		39		91223		1020642		200699		819		660		-6		-1661		0		737		505399		67546.6

						95.66%		part_2		353		230553		42197801		16		103069		260570		203150		119		288		-5		-664		0		369		609622		66392

						95.03%				1051				123987073		55				1281212

		8h		16:59 min		96.47%		part_1		710		243316		79016237		26		91693		908340		204667		612		640		-6		-1543		0		736		501933		62742.1

						97.29%		part_2		359		278179		41390759		10		90904		210885		200560		972		308		-6		-715		0		369		607570		61771.2

						96.74%				1069				120406996		36				1119225

		16h		25:38 min		95.23%		part_1		699		226938		74651199		35		90364		982637		192578		6360		644		-6		-1522		0		734		496174		64308.2

						96.74%		part_2		356		235400		39195141		12		90071		230262		202395		1756		295		-6		-673		0		368		601854		63006.8

						95.74%				1055				113846340		47				1212899





ODD - 8h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:42 min		94.06%		part_1		697		176790		39820735		44		92591		1309380		113426		1127		266		-2		-278		0		741		447780		36932.1

						98.65%		part_2		366		234429		34206871		5		52334		159273		97986		7341		133		-2		-137		0		371		587744		38363.5

						95.59%				1063				74027606		49				1468653

		1h		2:06 min		95.34%		part_1		716		147877		34871779		35		92591		1235760		53521		3613		225		-2		-231		0		751		440596		28738.1

						98.66%		part_2		369		168978		34153758		5		52334		159273		79930		7341		140		-2		-144		0		374		586865		32002.2

						96.44%				1085				69025537		40				1395033

		2h		2:31 min		95.48%		part_1		719		149118		34744704		34		92591		1234101		31501		2769		271		-2		-282		0		753		440311		31481.6

						98.13%		part_2		367		169818		32399955		7		52334		171175		83786		2970		144		-2		-149		0		374		582144		30375.5

						96.36%				1086				67144659		41				1405276

		4h		3:50 min		95.45%		part_1		713		152378		41494930		34		92591		1150503		69097		5992		238		-2		-240		0		747		449817		34710.4

						98.92%		part_2		366		197048		38119615		4		55260		158735		96766		47793		121		-2		-124		0		370		598568		32569.1

						96.60%				1079				79614545		38				1309238

		8h		6:47 min		93.82%		part_1		698		167285		40812936		46		92591		1283678		103185		7490		256		-2		-259		0		744		448939		37591.2

						98.11%		part_2		364		225540		36654881		7		44627		146478		158688		15720		115		-1		-115		0		371		594376		38897.5

						95.25%				1062				77467817		53				1430156

		16h		16:26 min		93.84%		part_1		701		158034		49295452		46		92591		1307707		83624		11665		242		-2		-248		0		747		460049		36238.4

						98.40%		part_2		368		197855		38797035		6		62649		187012		94812		17899		127		-2		-132		0		374		599206		34809.5

						95.36%				1069				88092487		52				1494719





ODD - 16h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:26 min		94.14%		part_1		707		114058		29173577		44		94995		1195041		62781		1680		443		-3		-502		0		751		433063		26950.5

						98.67%		part_2		370		191511		36351543		5		51787		130530		113844		10482		214		-2		-241		0		375		592560		40501.5

						95.65%				1077				65525120		49				1325571

		1h		1:42 min		89.04%		part_1		666		104749		30334624		82		94995		1693223		50941		4222		434		-2		-470		0		748		434099		30541.1

						98.66%		part_2		367		197851		37469316		5		50000		129001		78374		13043		203		-2		-220		0		372		596348		42233.8

						92.23%				1033				67803940		87				1822224

		2h		1:58 min		78.23%		part_1		582		188528		25769606		162		94995		2736036		101149		11642		409		-2		-450		0		744		426767		39490

						95.68%		part_2		354		217060		27113458		16		51678		208239		98584		7556		197		-2		-227		0		370		568688		52612.6

						84.02%				936				52883064		178				2944275

		4h		2:45 min		93.97%		part_1		701		142542		38203974		45		94995		1308788		65027		2374		413		-3		-457		0		746		445265		33224.2

						98.65%		part_2		365		206493		40437288		5		48950		130723		95194		8602		207		-2		-222		0		370		604908		36367.1

						95.52%				1066				78641262		50				1439511

		8h		5:00 min		95.19%		part_1		713		164982		52323445		36		94995		1265706		21102		230		402		-2		-440		0		749		463976		43200.6

						98.65%		part_2		366		234813		47685418		5		43552		112427		65931		6885		210		-2		-228		0		371		624200		42594.4

						96.34%				1079				100008863		41				1378133

		16h		9:33 min		94.11%		part_1		703		139072		38494946		44		94995		1219463		68784		12491		408		-3		-449		0		747		445708		33650.8

						98.92%		part_2		368		217555		42414932		4		41599		85877		99744		41599		206		-3		-231		0		372		609759		37130.9

						95.71%				1071				80909878		48				1305340





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:36 min		96.68%		part_1		727		105865		38028371		25		94290		1111629		33214		17574		541		-4		-753		0		752		444899		25523.1

						98.93%		part_2		369		213462		50408528		4		52015		148232		200827		52015		271		-3		-337		0		373		630717		40123

						97.42%				1096				88436899		29				1259861

		1h		1:43 min		96.94%		part_1		728		164474		39172285		23		94290		1093649		43083		34505		577		-3		-811		0		751		446512		33554.5

						98.92%		part_2		368		226792		49031939		4		52262		143104		157831		40113		256		-3		-349		0		372		627393		41779.5

						97.60%				1096				88204224		27				1236753

		2h		1:59 min		95.34%		part_1		716		120761		36543813		35		94290		1106814		29935		5758		545		-4		-750		0		751		442994		26508.5

						98.92%		part_2		368		223728		50576263		4		54961		169561		118068		54961		262		-3		-354		0		372		631473		40467.5

						96.53%				1084				87120076		39				1276375

		4h		2:35 min		95.60%		part_1		717		114938		40242380		33		94290		1105659		61466		15280		548		-4		-791		0		750		447990		28258.1

						98.92%		part_2		366		237059		52658361		4		56940		180238		201562		56940		287		-3		-378		0		370		637804		41660.4

						96.70%				1083				92900741		37				1285897

		8h		3:50 min		95.86%		part_1		717		124384		42056008		31		94290		1160167		38978		11154		561		-4		-785		0		748		450482		28525.2

						98.66%		part_2		368		228977		51658832		5		51002		158568		120404		5736		281		-3		-385		0		373		634041		41396.6

						96.79%				1085				93714840		36				1318735

		16h		6:44 min		96.27%		part_1		722		133410		39711698		28		94290		1038069		42616		292		587		-4		-827		0		750		447373		26188.6

						98.92%		part_2		366		220975		51173037		4		46883		147343		145961		46883		254		-3		-342		0		370		633878		39183.5

						97.14%				1088				90884735		32				1185412





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		2:35 min		94.49%		part_1		703		227430		84500923		41		93971		1300024		150721		10376		632		-6		-1385		0		744		507637		51588

						98.37%		part_2		361		389797		73764738		6		65458		232494		262261		5841		301		-6		-689		0		367		696331		63275.2

						95.77%				1064				158265661		47				1532518

		1h		2:40 min		95.96%		part_1		713		189903		71448199		30		93746		1194774		103302		472		639		-6		-1365		0		743		490362		39164.6

						98.64%		part_2		363		270635		68109885		5		81406		195906		133084		22398		305		-7		-726		0		368		680520		52370.1

						96.85%				1076				139558084		35				1390680

		2h		2:52 min		96.51%		part_1		718		197649		79815129		26		94128		1279180		127127		20719		606		-6		-1335		0		744		501367		43331.6

						98.65%		part_2		365		316475		71957747		5		43114		145065		225110		27010		304		-6		-706		0		370		690059		53820.5

						97.22%				1083				151772876		31				1424245

		4h		3:19 min		95.98%		part_1		716		194793		81297010		30		94128		1118151		167314		3159		635		-6		-1334		0		746		503286		47912.6

						98.09%		part_2		359		333892		71497304		7		51914		163768		240383		7839		313		-6		-764		0		366		690871		61337.1

						96.67%				1075				152794314		37				1281919

		8h		4:29 min		95.69%		part_1		711		224079		89284679		32		92586		1317035		145855		10992		638		-6		-1409		0		743		514203		48253.2

						98.38%		part_2		364		335897		76055371		6		58770		178412		288205		32686		311		-6		-735		0		370		701044		60530

						96.59%				1075				165340050		38				1495447

		16h		7:07 min		96.75%		part_1		715		257587		98346671		24		93971		1111726		192961		17060		651		-7		-1479		0		739		527384		53763

						98.90%		part_2		360		371261		83686533		4		52910		129712		315887		9673		319		-6		-773		0		364		725523		62497

						97.46%				1075				182033204		28				1241438





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:26 min		55.17%		part_1		416		34091		6786842		338		94553		4701156		13968		8377		290		-2		-301		0		754		398574		18047.5

						58.47%		part_2		221		49939		4212857		157		88480		2311663		3557		14602		147		-2		-158		0		378		501001		19557.3

						56.27%				637				10999699		495				7012819

		1h		1:48 min		11.76%		part_1		89		15146		468255		668		94553		11200152		1087		20580		300		-2		-319		0		757		381631		11635.2

						11.61%		part_2		44		43877		505168		335		92929		6046786		4166		22472		142		-2		-153		0		379		481349		13144

						11.71%				133				973423		1003				17246938

		2h		2:32 min		62.78%		part_1		474		25106		4092690		281		94553		2989066		16908		10030		285		-2		-298		0		755		397270		13489.6

						62.70%		part_2		237		35720		2410670		141		88480		1547729		13361		9908		145		-2		-153		0		378		498254		13696.8

						62.75%				711				6503360		422				4536795

		4h		3:18 min		0.26%		part_1		2		2578		3081		755		94553		14187299		2578		21132		290		-2		-310		0		757		377071		7854.12

						0.53%		part_2		2		7626		11218		378		88480		7921258		3592		27608		118		-2		-126		0		380		475155		6733.15

						0.35%				4				14299		1133				22108557

		8h		6:43 min		66.18%		part_1		499		37862		6725541		255		94553		2992417		15052		938		292		-2		-303		0		754		400759		16435.8

						67.11%		part_2		253		45454		4028875		124		88480		1396740		25441		6556		149		-2		-157		0		377		502953		16837.3

						66.49%				752				10754416		379				4389157

		16h		12:13 min		4.89%		part_1		37		9928		97076		720		94553		11396549		867		23598		294		-2		-316		0		757		380881		10420.6

						7.12%		part_2		27		28726		142922		352		89020		6207242		7264		30196		160		-2		-171		0		379		479970		10848.8

						5.63%				64				239998		1072				17603791





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:16 min		78.54%		part_1		593		26623		4669411		162		94262		1942188		11522		4168		459		-3		-514		0		755		399420		12510.7

						74.07%		part_2		280		35356		2791303		98		94609		954222		12153		9170		213		-2		-242		0		378		500831		12872.8

						77.05%				873				7460714		260				2896410

		1h		1:29 min		71.39%		part_1		539		33971		4379845		216		94262		2243293		4151		2720		446		-3		-508		0		755		398638		13042.8

						69.23%		part_2		261		53572		2735343		116		91910		1094511		5720		3170		232		-2		-259		0		377		500323		13656

						70.67%				800				7115188		332				3337804

		2h		1:35 min		6.90%		part_1		52		14454		277183		702		94262		10230255		4107		6559		424		-3		-483		0		754		382608		10220.2

						5.82%		part_2		22		29532		241498		356		94609		5780952		9901		3236		230		-2		-250		0		378		481316		10263.4

						6.54%				74				518681		1058				16011207

		4h		2:16 min		71.26%		part_1		538		33023		5835992		217		94262		2769120		9285		2261		472		-3		-540		0		755		399870		14861.3

						70.45%		part_2		267		46029		3353839		112		94609		1389569		8850		1366		236		-2		-256		0		379		501154		15558.4

						70.99%				805				9189831		329				4158689

		8h		3:49 min		59.68%		part_1		450		43107		6157186		304		94262		4004540		5964		4593		445		-3		-503		0		754		398663		17200.2

						60.32%		part_2		228		53914		3623164		150		82056		1960612		7742		5099		246		-3		-268		0		378		500369		17805.9

						59.89%				678				9780350		454				5965152

		16h		7:38 min		30.50%		part_1		230		25587		1329799		524		94262		6450062		5730		2351		441		-2		-494		0		754		389017		12713.9

						26.98%		part_2		102		38739		897126		276		93256		3540988		2023		2364		222		-2		-246		0		378		488977		13274

						29.33%				332				2226925		800				9991050





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:20 min		90.96%		part_1		684		63813		16774034		68		94419		1566447		31629		8177		587		-3		-868		0		752		416031		21374.7

						89.12%		part_2		336		82311		8457743		41		76731		590432		30658		185		283		-4		-408		0		377		516839		21325.7

						90.35%				1020				25231777		109				2156879

		1h		1:32 min		90.31%		part_1		680		68311		23459351		73		94419		1467484		20941		9005		551		-4		-784		0		753		425014		22459.6

						91.51%		part_2		345		93794		12493125		32		77908		525904		21998		1705		264		-4		-380		0		377		527714		22137.6

						90.71%				1025				35952476		105				1993388

		2h		1:45 min		93.88%		part_1		706		68376		22905877		46		94419		1321138		33742		310		579		-4		-873		0		752		424511		18965.7

						95.49%		part_2		360		74332		12391793		17		91781		464202		34053		14483		283		-3		-408		0		377		527609		19125.5

						94.42%				1066				35297670		63				1785340

		4h		2:13 min		92.43%		part_1		696		59554		22520829		57		94419		1458481		41444		7227		560		-3		-813		0		753		423779		19161.1

						94.16%		part_2		355		74565		11884684		22		91484		499733		31698		9680		290		-4		-414		0		377		526170		18180.2

						93.01%				1051				34405513		79				1958214

		8h		3:12 min		87.23%		part_1		656		68363		24115679		96		94237		1590485		44606		280		538		-4		-781		0		752		425762		23523.4

						87.53%		part_2		330		104438		12884539		47		93038		637201		38702		2245		296		-4		-434		0		377		528457		23809.6

						87.33%				986				37000218		143				2227686

		16h		5:48 min		93.48%		part_1		703		74784		21832114		49		94237		1475763		34035		2453		573		-4		-843		0		752		422878		22243.5

						94.16%		part_2		355		81508		11242504		22		78302		512992		29041		4860		293		-3		-412		0		377		524431		21116.6

						93.71%				1058				33074618		71				1988755





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		2:10 min		95.90%		part_1		702		258435		85550355		30		92909		1029874		214015		1556		622		-7		-1570		0		732		511273		66838.6

						96.73%		part_2		355		271553		44518654		12		88520		263905		237210		10172		307		-6		-763		0		367		616556		66671.1

						96.18%				1057				130069009		42				1293779

		1h		2:25 min		94.95%		part_1		696		280517		89400269		37		90708		999287		249004		913		625		-6		-1658		0		733		516410		75151.3

						95.91%		part_2		352		283009		45657385		15		83891		307757		250899		36		309		-6		-799		0		367		619539		74637.9

						95.27%				1048				135057654		52				1307044

		2h		2:33 min		94.65%		part_1		690		289287		94015787		39		90708		1255264		255806		8766		629		-6		-1564		0		729		523052		81873.5

						95.62%		part_2		349		316165		48493696		16		90526		416414		252590		18310		301		-6		-741		0		365		627690		81302.1

						94.97%				1039				142509483		55				1671678

		4h		3:10 min		94.81%		part_1		694		304298		112128699		38		91854		1241156		277747		3525		618		-7		-1577		0		732		547294		86271

						95.90%		part_2		351		328114		57786845		15		83522		395244		265658		10733		311		-6		-769		0		366		652779		86113

						95.17%				1045				169915544		53				1636400

		8h		4:20 min		95.88%		part_1		698		322505		117067709		30		91854		951611		313800		611		613		-6		-1480		0		728		555308		105332

						96.16%		part_2		351		335491		60293400		14		85625		260112		311123		2659		291		-6		-737		0		365		660446		105728

						95.97%				1049				177361109		44				1211723

		16h		6:23 min		95.45%		part_1		693		340751		123945615		33		91854		1126153		301173		7346		605		-6		-1488		0		726		564981		99799.7

						96.69%		part_2		351		347074		63088288		12		83603		292486		306566		12881		288		-6		-702		0		363		668962		98229.1

						95.87%				1044				187033903		45				1418639
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Optionen

		Fabrik		goloFab				STNFAM		BARRIER_OX		DRIVE_OX		IMPLANT_OX		INTERGATE		LTO		OXIDE_1		POLY_DEP

								BatchMN		1		2		1		1		1		1		1

		Simulationszeit		100 d				BatchMX		6		6		6		2		3		6		3

		Startzeit		01/01/2001 08:00:00				BATCHCRITF		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep		crit_sameroutestep

		Sonsiges:		Repeat		Pieces		RPT				Simulation_parameters

		part_1		182 min		48		1000000				time_accuracy		11

		part_2		359 min		48		1000000				Horizont		variabel

												resched		false

		Scheduleraufruf				2,4,8,16 h						stn_downtime		unwichtig

		SSP(Scheduler)				FIFO, BATC, BATC+ODD						max_reop_steps		2

		Horizont				0,1,2,4,8,16 h						due_date_estimator		simulation (linear bei odd)

		FF		part_1:		1.32						batcs_k1		variabel

				part_2:		1.32						atcs_k1		variabel

												batc_slack_weight		variabel

												atc_slack_weight		variabel

												objective_accuracy		0

		Bemerkungen:		vergleicht die Parameter Aufrufintervall, Horizont, Regel, FF in einem ausführlichen Versuch

				bei BATC und BATC+ODD wurde der Algorithmus von Detlef angewendet, bei dem mehrere Parameter für k1 und slackweight ausprobiert werden

				bei BATC+ODD wird linear als due_date_estimator gewählt

		Ergebnisse:		Scheduler überzeugt bei allen Regeln außer FIFO und schlägt Dispatching deutlich

				DSP-ODD mit Abstand die beste Dispatching-Regel

				Der Scheduler funktioniert nur richtig bei einem Aufrufintervall von 2 oder 4 Stunden

				Der Horizont-Einfluss scheint unabhängig vom Aufrufintervall zu sein (keine Verschiebung)

				Bei ODD ist der Horizont-Einfluss ziemlich unregelmäßig

				Bei BATC ist ein kleiner Horizont besser, bei BATC+ODD eher ein großer Horizont





Gesamt-Vergleich

		Vergleich von Summe aus Part1+Part2

		Hier werden die besten Ergebnisse

		jeder Regel verwendet!!!

		Scheduler:				sum_tardy		sum_early		zu spät

		BATC+ODD				1847		31396300		0.09%

		BATC				0		21692777		0.00%

		ODD				14299		22108557		0.35%

		FIFO				52883064		2944275		84.02%

		Dispatching:

		DSP-ODD				54589		23011244		1.32%

		DSP-CR				58723		9672865		5.20%

		DSP-FIFO				18193985		5317564		67.37%

		DSP-EDD				48780915		3687460		87.06%





Gesamt-Vergleich
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Gesamt-Vergleich (Vorlage)

		



sum_tardy

sum_early



Gesamt-Vergleich (ODD)

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		every 2h		0h		0		1468653		95.59%		1:42 min

				1h		0		1395033		96.44%		2:06 min

				2h		3096812		1405276		96.36%		2:31 min

				4h		6364626		1309238		96.60%		3:50 min

				8h		13471853		1430156		95.25%		6:47 min

				16h		105747636		1494719		95.36%		16:26 min

		every 4h		0h		320101		1325571		95.65%		1:26 min

				1h		4124671		1822224		92.23%		1:42 min

				2h		21709895		2944275		84.02%		1:58 min

				4h		8130056		1439511		95.52%		2:45 min

				8h		33195259		1378133		96.34%		5:00 min

				16h		143220462		1305340		95.71%		9:33 min

		every 8h		0h		84305297		1259861		97.42%		1:36 min

				1h		108041028		1236753		97.60%		1:43 min

				2h		108199748		1276375		96.53%		1:59 min

				4h		117455921		1285897		96.70%		2:35 min

				8h		162400865		1318735		96.79%		3:50 min

				16h		257519211		1185412		97.14%		6:44 min

		every 16h		0h		315240756		1532518		95.77%		2:35 min

				1h		329631222		1390680		96.85%		2:40 min

				2h		316513550		1424245		97.22%		2:52 min

				4h		304461736		1281919		96.67%		3:19 min

				8h		353115299		1495447		96.59%		4:29 min

				16h		340859155		1241438		97.46%		7:07 min





Gesamt-Vergleich (ODD)

		



sum_tardy

TWT 
(BATCS+ATCS)



Gesamt-Vergleich (BATC)

		



sum_tardy

sum_early



Gesamt-Vergleich (BATC+ODD)

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		2h		0h		10999699		7012819		56.27%		1:26 min

				1h		973423		17246938		11.71%		1:48 min

				2h		6503360		4536795		62.75%		2:32 min

				4h		14299		22108557		0.35%		3:18 min

				8h		10754416		4389157		66.49%		6:43 min

				16h		239998		17603791		5.63%		12:13 min

		4h		0h		7460714		2896410		77.05%		1:16 min

				1h		7115188		3337804		70.67%		1:29 min

				2h		518681		16011207		6.54%		1:35 min

				4h		9189831		4158689		70.99%		2:16 min

				8h		9780350		5965152		59.89%		3:49 min

				16h		2226925		9991050		29.33%		7:38 min

		8h		0h		25231777		2156879		90.35%		1:20 min

				1h		35952476		1993388		90.71%		1:32 min

				2h		35297670		1785340		94.42%		1:45 min

				4h		34405513		1958214		93.01%		2:13 min

				8h		37000218		2227686		87.33%		3:12 min

				16h		33074618		1988755		93.71%		5:48 min

		16h		0h		130069009		1293779		96.18%		2:10 min

				1h		135057654		1307044		95.27%		2:25 min

				2h		142509483		1671678		94.97%		2:33 min

				4h		169915544		1636400		95.17%		3:10 min

				8h		177361109		1211723		95.97%		4:20 min

				16h		187033903		1418639		95.87%		6:23 min





Gesamt-Vergleich (BATC+ODD)

		



sum_tardy



Gesamt-Vergleich (FIFO)

		



sum_tardy

sum_early



DSP-Erg

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		2h		0h		0		21692777		0.00%		8:19 min

				1h		0		19630345		0.00%		14:16 min

				2h		3096812		3883926		51.99%		29:11 min

				4h		6364626		6792682		53.66%		54:13 min

				8h		13471853		2788753		77.61%		2:10:14 min

				16h		105747636		2794346		80.48%		7:51:19 min

		4h		0h		320101		4511471		14.54%		14:12 min

				1h		4124671		2456375		60.07%		25:00 min

				2h		21709895		5751816		51.90%		29:05 min

				4h		8130056		4227138		66.75%		43:48 min

				8h		33195259		2822173		74.58%		1:30:43 min

				16h		143220462		2504291		87.14%		5:00:39 min

		8h		0h		84305297		2080719		79.53%		27:26 min

				1h		108041028		2626339		79.25%		34:37 min

				2h		108199748		2659287		73.74%		41:23 min

				4h		117455921		2077841		83.13%		1:00:13 min

				8h		162400865		2223206		89.45%		2:05:13 min

				16h		257519211		2167952		90.73%		6:10:04 min

		16h		0h		315240756		1611717		93.56%		1:43:15 min

				1h		329631222		1132736		95.58%		2:09:39 min

				2h		316513550		972557		95.47%		1:53:28 min

				4h		304461736		1215051		94.23%		2:24:45 min

				8h		353115299		1627942		93.08%		6:03:09 min

				16h		340859155		1272228		92.79%		15:20:12 min





DSP-Erg

		



sum_tardy



BATC - 2h

		



sum_tardy

sum_early



BATC - 4h

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		2h		0h		29553		21220917		0.35%		3:51 min

				1h		29553		21220917		0.35%		5:13 min

				2h		0		20390997		0.00%		6:59 min

				4h		3852		24019714		0.18%		11:09 min

				8h		1847		31396300		0.09%		21:28 min

				16h		38		29845193		0.09%		56:20 min

		4h		0h		15097		17873317		0.26%		3:43 min

				1h		4875		15791082		0.35%		4:48 min

				2h		0		18995971		0.00%		6:04 min

				4h		2792		21956168		0.18%		8:33 min

				8h		0		28794986		0.00%		14:45 min

				16h		6568		27141528		0.18%		33:28 min

		8h		0h		499018		8320418		12.06%		4:43 min

				1h		450762		8649841		11.20%		5:36 min

				2h		510359		8676323		9.16%		6:34 min

				4h		360464		10903777		8.11%		8:31 min

				8h		569625		9100977		12.42%		13:41 min

				16h		3946723		3692230		56.27%		26:02 min

		16h		0h		75682918		1551616		93.82%		8:36 min

				1h		96475790		1516128		95.05%		9:34 min

				2h		81921813		1088907		96.23%		9:44 min

				4h		123987073		1281212		95.03%		12:11 min

				8h		120406996		1119225		96.74%		16:59 min

				16h		113846340		1212899		95.74%		25:38 min





BATC - 4h

		



sum_tardy



BATC - 8h

		



sum_tardy

sum_early



BATC - 16h

		Intervall		Horizont		sum_tardy		sum_early		% zu spät		Laufzeit

		2h		0h		74027606		1468653		95.59%		1:42 min

				1h		69025537		1395033		96.44%		2:06 min

				2h		67144659		1405276		96.36%		2:31 min

				4h		79614545		1309238		96.60%		3:50 min

				8h		77467817		1430156		95.25%		6:47 min

				16h		88092487		1494719		95.36%		16:26 min

		4h		0h		65525120		1325571		95.65%		1:26 min

				1h		67803940		1822224		92.23%		1:42 min

				2h		52883064		2944275		84.02%		1:58 min

				4h		78641262		1439511		95.52%		2:45 min

				8h		100008863		1378133		96.34%		5:00 min

				16h		80909878		1305340		95.71%		9:33 min

		8h		0h		88436899		1259861		97.42%		1:36 min

				1h		88204224		1236753		97.60%		1:43 min

				2h		87120076		1276375		96.53%		1:59 min

				4h		92900741		1285897		96.70%		2:35 min

				8h		93714840		1318735		96.79%		3:50 min

				16h		90884735		1185412		97.14%		6:44 min

		16h		0h		158265661		1532518		95.77%		2:35 min

				1h		139558084		1390680		96.85%		2:40 min

				2h		151772876		1424245		97.22%		2:52 min

				4h		152794314		1281919		96.67%		3:19 min

				8h		165340050		1495447		96.59%		4:29 min

				16h		182033204		1241438		97.46%		7:07 min





BATC - 16h

		



sum_tardy



BATC+ODD - 2h

		



sum_tardy

sum_early



BATC+ODD - 4h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		DSP-ODD		min		0.66%		part_1		5		5682		10399		752		95379		15941689		1992		23519		757		-8629197		886556853		0		757		374763		11214.9

						2.64%		part_2		10		8840		44190		369		67123		7069555		5574		22250		379		-8622644		-1723879763		0		379		477434		10022.5

						1.32%				15				54589		1121				23011244

		DSP-CR		min		5.16%		part_1		39		3629		43295		717		94348		5496349		2733		4255		756		-8633566		884729946		0		756		388595		8752.96

						5.28%		part_2		20		3829		15428		359		46366		4176516		456		13252		379		-8620009		-1726744040		0		379		484992		7532.02

						5.20%				59				58723		1076				9672865

		DSP-FIFO		min		55.35%		part_1		419		45819		5210264		338		95379		4898342		504		8517		757		-8639590		870313641		0		757		396220		17848.3

						91.51%		part_2		345		117203		12983721		32		49171		419222		44257		2967		377		-8617496		-1726214983		0		377		529299		24455.4

						67.37%				764				18193985		370				5317564

		DSP-EDD		min		83.13%		part_1		626		104893		22976771		127		95906		3079819		64240		1349		753		-8637282		885268407		0		753		422232		30515.9

						94.93%		part_2		356		182272		25804144		19		67000		607641		78786		13851		375		-8610421		-1721678503		0		375		563162		35960.6

						87.06%				982				48780915		146				3687460





BATC+ODD - 8h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		8:19 min		0.00%		part_1		0		0		0		758		93322		15765140		-1		16048		291		-2		-308		0		758		375010		8919.7

						0.00%		part_2		0		0		0		379		82121		5927637		-1		10046		155		-2		-163		0		379		480331		7176.89

						0.00%				0				0		1137				21692777

		1h		14:16 min		0.00%		part_1		0		0		0		758		86460		14139014		-1		32731		283		-2		-298		0		758		377155		8748.82

						0.00%		part_2		0		0		0		379		82886		5491331		-1		11500		147		-2		-157		0		379		481482		7497.06

						0.00%				0				0		1137				19630345

		2h		29:11 min		48.21%		part_1		364		21491		1144078		391		88640		2891360		117		512		319		-2		-345		0		755		393494		10890.7

						59.52%		part_2		225		85232		1952734		153		80829		992566		171		1000		173		-2		-181		0		378		498511		14271

						51.99%				589				3096812		544				3883926

		4h		54:13 min		48.61%		part_1		367		34718		1729023		388		80166		4969475		1156		978		316		-2		-330		0		755		391516		14831.6

						63.76%		part_2		241		71574		4635603		137		94263		1823207		13615		1391		168		-2		-184		0		378		503411		22477.9

						53.66%				608				6364626		525				6792682

		8h		2:10:14 min		74.40%		part_1		561		41922		5150800		193		85890		2090163		18157		598		299		-2		-324		0		754		399867		14097.5

						84.04%		part_2		316		122005		8321053		60		83946		698590		49789		78		163		-2		-177		0		376		516244		25091.3

						77.61%				877				13471853		253				2788753

		16h		7:51:19 min		76.53%		part_1		577		94578		15409698		177		95740		2170200		56531		1209		302		-2		-324		0		754		413367		26229.5

						88.59%		part_2		326		487436		90337938		42		96161		624146		267964		784		149		-2		-168		0		368		739758		148178

						80.48%				903				105747636		219				2794346





BATC+ODD - 16h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		14:12 min		10.19%		part_1		77		3969		82525		679		83026		3473494		1786		2156		444		-2		-509		0		756		391323		9051.97

						23.22%		part_2		88		13561		237576		291		76150		1037977		5347		2362		237		-2		-282		0		379		493859		7544.92

						14.54%				165				320101		970				4511471

		1h		25:00 min		55.76%		part_1		421		25069		1542469		334		89184		1845319		1099		601		444		-2		-505		0		755		395407		9818.21

						68.70%		part_2		259		67549		2582202		118		76567		611056		19640		901		233		-2		-265		0		377		501200		13892.1

						60.07%				680				4124671		452				2456375

		2h		29:05 min		41.14%		part_1		311		25739		1437069		445		91166		4508890		2181		2959		449		-2		-500		0		756		391745		12567.9

						73.73%		part_2		275		210169		20272826		98		92746		1242926		136963		162		228		-2		-256		0		373		546989		65597.6

						51.90%				586				21709895		543				5751816

		4h		43:48 min		62.83%		part_1		475		33863		3005652		281		94935		3168036		12690		177		474		-2		-549		0		756		395593		14050.6

						74.60%		part_2		282		77126		5124404		96		64997		1059102		54984		325		217		-2		-266		0		378		506726		19613.2

						66.75%				757				8130056		377				4227138

		8h		1:30:43 min		67.95%		part_1		513		72721		6891365		242		95505		2368830		24223		416		407		-2		-458		0		755		401798		17761.4

						87.97%		part_2		329		212005		26303894		45		76795		453343		63907		88		209		-3		-245		0		374		565090		55390.4

						74.58%				842				33195259		287				2822173

		16h		5:00:39 min		84.99%		part_1		640		155576		20969455		113		95435		1912966		46957		543		438		-3		-506		0		753		421115		29876.6

						91.64%		part_2		329		697818		122251007		30		110989		591325		414018		1019		228		-3		-263		0		359		834856		219634

						87.14%				969				143220462		143				2504291





FIFO - 2h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		27:26 min		75.10%		part_1		567		89546		11505130		188		93875		1680212		16872		3244		524		-4		-728		0		755		408821		22234.7

						88.98%		part_2		315		609365		72800167		39		52612		400507		543826		787		273		-3		-385		0		354		700490		192991

						79.53%				882				84305297		227				2080719

		1h		34:37 min		74.90%		part_1		564		93580		12499588		189		83522		2113307		56955		5711		512		-3		-728		0		753		409601		23196.7

						88.86%		part_2		303		812875		95541440		38		73349		513032		740718		1724		254		-4		-366		0		341		774647		261265

						79.25%				867				108041028		227				2626339

		2h		41:23 min		67.86%		part_1		511		90854		11254574		242		91578		2207451		20860		4014		560		-4		-772		0		753		407823		22459.8

						86.76%		part_2		295		811356		96945174		45		90946		451836		663660		128		254		-3		-344		0		340		779775		247760

						73.74%				806				108199748		287				2659287

		4h		1:00:13 min		80.69%		part_1		610		114240		15576958		146		87981		1618860		12192		2114		536		-4		-763		0		756		414271		24551.6

						88.66%		part_2		297		891714		101878963		38		95968		458981		826051		2103		237		-3		-341		0		335		798717		288880

						83.13%				907				117455921		184				2077841

		8h		2:05:13 min		88.42%		part_1		664		142582		28227778		87		92340		1658820		25993		9		566		-3		-805		0		751		431186		33713

						91.88%		part_2		294		1199249		134173087		26		94161		564386		1159503		3047		243		-3		-342		0		320		913498		364911

						89.45%				958				162400865		113				2223206

		16h		6:10:04 min		90.64%		part_1		678		181876		40827446		70		88289		1655118		88304		2879		546		-4		-771		0		748		448177		41697.8

						90.94%		part_2		281		1506474		216691765		28		98717		512834		1432774		966		227		-3		-311		0		309		1.20E+06		471274

						90.73%				959				257519211		98				2167952





FIFO - 4h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:43:15 min		93.81%		part_1		697		234928		67184665		46		87915		1263747		81583		868		668		-6		-1538		0		743		484531		54870.9

						92.86%		part_2		247		2422589		248056091		19		79536		347970		2326648		2311		235		-6		-511		0		266		1.43E+06		774474

						93.56%				944				315240756		65				1611717

		1h		2:09:39 min		95.97%		part_1		715		212605		68937076		30		94193		920996		93277		3446		658		-6		-1486		0		745		487105		51019.9

						94.40%		part_2		236		2906777		260694146		14		81562		211740		2695887		1284		205		-6		-474		0		250		1.54E+06		907641

						95.58%				951				329631222		44				1132736

		2h		1:53:28 min		95.59%		part_1		715		229894		65427523		33		95281		781714		141716		1494		651		-7		-1465		0		748		482233		50002.3

						95.15%		part_2		255		2449256		251086027		13		72049		190843		2244012		1875		235		-6		-489		0		268		1.43E+06		736647

						95.47%				970				316513550		46				972557

		4h		2:24:45 min		93.94%		part_1		698		207693		65885839		45		95185		1003663		85150		1341		644		-6		-1509		0		743		483133		47349.1

						94.98%		part_2		265		2158872		238575897		14		87521		211388		1936245		1144		234		-6		-514		0		279		1.35E+06		665669

						94.23%				963				304461736		59				1215051

		8h		6:03:09 min		92.89%		part_1		692		278870		61233882		53		94278		1260047		62355		2780		659		-5		-1406		0		745		476310		53307.4

						93.59%		part_2		263		2220187		291881417		18		102067		367895		2104887		4217		241		-6		-466		0		281		1.53E+06		700965

						93.08%				955				353115299		71				1627942

		16h		15:20:12 min		92.75%		part_1		691		243400		68449367		54		88932		1044060		133350		115		665		-7		-1479		0		745		486285		58583.1

						92.91%		part_2		249		2331383		272409788		19		83625		228168		2135698		307		234		-6		-532		0		268		1.51E+06		751744

						92.79%				940				340859155		73				1272228





FIFO - 8h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		3:51 min		0.00%		part_1		0		0		0		757		88335		13574693		-1		23478		283		-2		-300		0		757		377876		7717.28

						1.06%		part_2		4		23018		29553		375		94499		7646224		716		24796		144		-2		-154		0		379		475874		7584.17

						0.35%				4				29553		1132				21220917

		1h		5:13 min		0.00%		part_1		0		0		0		757		88335		13574693		-1		23478		283		-2		-300		0		757		377876		7717.28

						1.06%		part_2		4		23018		29553		375		94499		7646224		716		24796		144		-2		-154		0		379		475874		7584.17

						0.35%				4				29553		1132				21220917

		2h		6:59 min		0.00%		part_1		0		0		0		757		94844		13057636		-1		21042		307		-2		-331		0		757		378559		8177.54

						0.00%		part_2		0		0		0		379		97695		7333361		-1		20583		149		-2		-159		0		379		476622		7232.79

						0.00%				0				0		1136				20390997

		4h		11:09 min		0.00%		part_1		0		0		0		757		89170		15548291		-1		12870		302		-2		-320		0		757		375269		7008.34

						0.53%		part_2		2		3234		3852		377		55604		8471423		618		14837		138		-2		-145		0		379		473629		6200.34

						0.18%				2				3852		1134				24019714

		8h		21:28 min		0.00%		part_1		0		0		0		758		86491		21233867		-1		27248		297		-2		-317		0		758		367795		7107.46

						0.26%		part_2		1		1847		1847		379		84199		10162433		1847		32641		149		-2		-156		0		380		469233		7192.79

						0.09%				1				1847		1137				31396300

		16h		56:20 min		0.00%		part_1		0		0		0		758		91933		20201936		-1		23995		303		-2		-324		0		758		369156		7348.03

						0.26%		part_2		1		38		38		379		94459		9643257		38		27020		154		-2		-165		0		380		470594		7980.72

						0.09%				1				38		1137				29845193





FIFO - 16h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		3:43 min		0.13%		part_1		1		1690		1690		756		90660		11384948		1690		16341		450		-3		-510		0		757		380771		8325.42

						0.53%		part_2		2		12529		13407		377		93635		6488369		878		8163		219		-2		-248		0		379		478887		7197.93

						0.26%				3				15097		1133				17873317

		1h		4:48 min		0.00%		part_1		0		0		0		757		94613		10017370		-1		10739		444		-3		-496		0		757		382575		8470.26

						1.06%		part_2		4		2418		4875		375		95635		5773712		1740		12581		225		-2		-247		0		379		480750		7861.44

						0.35%				4				4875		1132				15791082

		2h		6:04 min		0.00%		part_1		0		0		0		757		85769		12232360		-1		20362		468		-2		-522		0		757		379649		6999.59

						0.00%		part_2		0		0		0		379		59443		6763611		-1		19001		233		-2		-251		0		379		478125		6313.71

						0.00%				0				0		1136				18995971

		4h		8:33 min		0.13%		part_1		1		1392		1392		756		87360		14395965		1392		27164		450		-2		-504		0		757		376793		6875.16

						0.26%		part_2		1		1400		1400		378		53107		7560203		1400		26379		226		-2		-250		0		379		476027		6551.93

						0.18%				2				2792		1134				21956168

		8h		14:45 min		0.00%		part_1		0		0		0		757		87899		19397690		-1		22357		458		-2		-526		0		757		370184		7198.42

						0.00%		part_2		0		0		0		380		50290		9397296		-1		24173		225		-3		-252		0		380		471241		6646.17

						0.00%				0				0		1137				28794986

		16h		33:28 min		0.00%		part_1		0		0		0		757		95094		18334191		-1		17478		444		-3		-500		0		757		371588		7099.66

						0.53%		part_2		2		3643		6568		378		93675		8807337		3643		21038		231		-2		-262		0		380		472811		8139.56

						0.18%				2				6568		1135				27141528





ODD - 2h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		4:43 min		11.89%		part_1		90		13604		265754		667		94312		5583606		532		4748		564		-3		-801		0		757		388783		8887.03

						12.40%		part_2		47		17612		233264		332		47274		2736812		4173		10753		298		-3		-433		0		379		489365		7220.46

						12.06%				137				499018		999				8320418

		1h		5:36 min		8.87%		part_1		67		14516		205360		688		85751		5783405		2011		4591		569		-4		-823		0		755		388420		9379.02

						15.83%		part_2		60		19601		245402		319		58349		2866436		720		9611		290		-3		-436		0		379		489055		8272.07

						11.20%				127				450762		1007				8649841

		2h		6:34 min		6.35%		part_1		48		12600		171578		708		90069		5864147		297		2132		560		-3		-796		0		756		388278		9216.08

						14.78%		part_2		56		30032		338781		323		67421		2812176		2760		9936		279		-3		-396		0		379		489445		8983.1

						9.16%				104				510359		1031				8676323

		4h		8:31 min		5.69%		part_1		43		9110		104795		713		90854		7426403		2358		7112		583		-4		-854		0		756		386123		9902.89

						12.93%		part_2		49		28164		255669		330		71590		3477374		1461		1364		284		-4		-413		0		379		487470		9594.79

						8.11%				92				360464		1043				10903777

		8h		13:41 min		9.79%		part_1		74		13308		256521		682		94312		6236676		1714		98		543		-3		-810		0		756		387898		9586

						17.68%		part_2		67		18487		313104		312		56886		2864301		590		2387		285		-3		-423		0		379		489240		8462.84

						12.42%				141				569625		994				9100977

		16h		26:02 min		53.45%		part_1		403		22257		1981589		351		85276		2648550		11337		1792		574		-4		-858		0		754		394923		11637.4

						61.90%		part_2		234		39147		1965134		144		63770		1043680		15168		3528		296		-4		-426		0		378		498409		11566.8

						56.27%				637				3946723		495				3692230





ODD - 4h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		8:36 min		93.69%		part_1		698		136216		49817815		47		90259		1186859		115673		932		645		-6		-1609		0		745		461084		42234.1

						94.09%		part_2		350		152381		25865103		22		86819		364757		122463		3639		302		-6		-695		0		372		564520		41982.5

						93.82%				1048				75682918		69				1551616

		1h		9:34 min		94.74%		part_1		702		179971		63322025		39		95474		1174068		141243		9816		638		-6		-1580		0		741		479678		51789.1

						95.69%		part_2		355		180213		33153765		16		82650		342060		137075		8241		303		-6		-758		0		371		584412		50954

						95.05%				1057				96475790		55				1516128

		2h		9:44 min		96.23%		part_1		714		154693		53674346		28		92585		886697		148850		2910		659		-6		-1581		0		742		466950		43632.5

						96.24%		part_2		358		163432		28247467		14		86660		202210		138557		356		314		-5		-701		0		372		571361		41649.4

						96.23%				1072				81921813		42				1088907

		4h		12:11 min		94.71%		part_1		698		241702		81789272		39		91223		1020642		200699		819		660		-6		-1661		0		737		505399		67546.6

						95.66%		part_2		353		230553		42197801		16		103069		260570		203150		119		288		-5		-664		0		369		609622		66392

						95.03%				1051				123987073		55				1281212

		8h		16:59 min		96.47%		part_1		710		243316		79016237		26		91693		908340		204667		612		640		-6		-1543		0		736		501933		62742.1

						97.29%		part_2		359		278179		41390759		10		90904		210885		200560		972		308		-6		-715		0		369		607570		61771.2

						96.74%				1069				120406996		36				1119225

		16h		25:38 min		95.23%		part_1		699		226938		74651199		35		90364		982637		192578		6360		644		-6		-1522		0		734		496174		64308.2

						96.74%		part_2		356		235400		39195141		12		90071		230262		202395		1756		295		-6		-673		0		368		601854		63006.8

						95.74%				1055				113846340		47				1212899





ODD - 8h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:42 min		94.06%		part_1		697		176790		39820735		44		92591		1309380		113426		1127		266		-2		-278		0		741		447780		36932.1

						98.65%		part_2		366		234429		34206871		5		52334		159273		97986		7341		133		-2		-137		0		371		587744		38363.5

						95.59%				1063				74027606		49				1468653

		1h		2:06 min		95.34%		part_1		716		147877		34871779		35		92591		1235760		53521		3613		225		-2		-231		0		751		440596		28738.1

						98.66%		part_2		369		168978		34153758		5		52334		159273		79930		7341		140		-2		-144		0		374		586865		32002.2

						96.44%				1085				69025537		40				1395033

		2h		2:31 min		95.48%		part_1		719		149118		34744704		34		92591		1234101		31501		2769		271		-2		-282		0		753		440311		31481.6

						98.13%		part_2		367		169818		32399955		7		52334		171175		83786		2970		144		-2		-149		0		374		582144		30375.5

						96.36%				1086				67144659		41				1405276

		4h		3:50 min		95.45%		part_1		713		152378		41494930		34		92591		1150503		69097		5992		238		-2		-240		0		747		449817		34710.4

						98.92%		part_2		366		197048		38119615		4		55260		158735		96766		47793		121		-2		-124		0		370		598568		32569.1

						96.60%				1079				79614545		38				1309238

		8h		6:47 min		93.82%		part_1		698		167285		40812936		46		92591		1283678		103185		7490		256		-2		-259		0		744		448939		37591.2

						98.11%		part_2		364		225540		36654881		7		44627		146478		158688		15720		115		-1		-115		0		371		594376		38897.5

						95.25%				1062				77467817		53				1430156

		16h		16:26 min		93.84%		part_1		701		158034		49295452		46		92591		1307707		83624		11665		242		-2		-248		0		747		460049		36238.4

						98.40%		part_2		368		197855		38797035		6		62649		187012		94812		17899		127		-2		-132		0		374		599206		34809.5

						95.36%				1069				88092487		52				1494719





ODD - 16h

		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:26 min		94.14%		part_1		707		114058		29173577		44		94995		1195041		62781		1680		443		-3		-502		0		751		433063		26950.5

						98.67%		part_2		370		191511		36351543		5		51787		130530		113844		10482		214		-2		-241		0		375		592560		40501.5

						95.65%				1077				65525120		49				1325571

		1h		1:42 min		89.04%		part_1		666		104749		30334624		82		94995		1693223		50941		4222		434		-2		-470		0		748		434099		30541.1

						98.66%		part_2		367		197851		37469316		5		50000		129001		78374		13043		203		-2		-220		0		372		596348		42233.8

						92.23%				1033				67803940		87				1822224

		2h		1:58 min		78.23%		part_1		582		188528		25769606		162		94995		2736036		101149		11642		409		-2		-450		0		744		426767		39490

						95.68%		part_2		354		217060		27113458		16		51678		208239		98584		7556		197		-2		-227		0		370		568688		52612.6

						84.02%				936				52883064		178				2944275

		4h		2:45 min		93.97%		part_1		701		142542		38203974		45		94995		1308788		65027		2374		413		-3		-457		0		746		445265		33224.2

						98.65%		part_2		365		206493		40437288		5		48950		130723		95194		8602		207		-2		-222		0		370		604908		36367.1

						95.52%				1066				78641262		50				1439511

		8h		5:00 min		95.19%		part_1		713		164982		52323445		36		94995		1265706		21102		230		402		-2		-440		0		749		463976		43200.6

						98.65%		part_2		366		234813		47685418		5		43552		112427		65931		6885		210		-2		-228		0		371		624200		42594.4

						96.34%				1079				100008863		41				1378133

		16h		9:33 min		94.11%		part_1		703		139072		38494946		44		94995		1219463		68784		12491		408		-3		-449		0		747		445708		33650.8

						98.92%		part_2		368		217555		42414932		4		41599		85877		99744		41599		206		-3		-231		0		372		609759		37130.9

						95.71%				1071				80909878		48				1305340





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:36 min		96.68%		part_1		727		105865		38028371		25		94290		1111629		33214		17574		541		-4		-753		0		752		444899		25523.1

						98.93%		part_2		369		213462		50408528		4		52015		148232		200827		52015		271		-3		-337		0		373		630717		40123

						97.42%				1096				88436899		29				1259861

		1h		1:43 min		96.94%		part_1		728		164474		39172285		23		94290		1093649		43083		34505		577		-3		-811		0		751		446512		33554.5

						98.92%		part_2		368		226792		49031939		4		52262		143104		157831		40113		256		-3		-349		0		372		627393		41779.5

						97.60%				1096				88204224		27				1236753

		2h		1:59 min		95.34%		part_1		716		120761		36543813		35		94290		1106814		29935		5758		545		-4		-750		0		751		442994		26508.5

						98.92%		part_2		368		223728		50576263		4		54961		169561		118068		54961		262		-3		-354		0		372		631473		40467.5

						96.53%				1084				87120076		39				1276375

		4h		2:35 min		95.60%		part_1		717		114938		40242380		33		94290		1105659		61466		15280		548		-4		-791		0		750		447990		28258.1

						98.92%		part_2		366		237059		52658361		4		56940		180238		201562		56940		287		-3		-378		0		370		637804		41660.4

						96.70%				1083				92900741		37				1285897

		8h		3:50 min		95.86%		part_1		717		124384		42056008		31		94290		1160167		38978		11154		561		-4		-785		0		748		450482		28525.2

						98.66%		part_2		368		228977		51658832		5		51002		158568		120404		5736		281		-3		-385		0		373		634041		41396.6

						96.79%				1085				93714840		36				1318735

		16h		6:44 min		96.27%		part_1		722		133410		39711698		28		94290		1038069		42616		292		587		-4		-827		0		750		447373		26188.6

						98.92%		part_2		366		220975		51173037		4		46883		147343		145961		46883		254		-3		-342		0		370		633878		39183.5

						97.14%				1088				90884735		32				1185412





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		2:35 min		94.49%		part_1		703		227430		84500923		41		93971		1300024		150721		10376		632		-6		-1385		0		744		507637		51588

						98.37%		part_2		361		389797		73764738		6		65458		232494		262261		5841		301		-6		-689		0		367		696331		63275.2

						95.77%				1064				158265661		47				1532518

		1h		2:40 min		95.96%		part_1		713		189903		71448199		30		93746		1194774		103302		472		639		-6		-1365		0		743		490362		39164.6

						98.64%		part_2		363		270635		68109885		5		81406		195906		133084		22398		305		-7		-726		0		368		680520		52370.1

						96.85%				1076				139558084		35				1390680

		2h		2:52 min		96.51%		part_1		718		197649		79815129		26		94128		1279180		127127		20719		606		-6		-1335		0		744		501367		43331.6

						98.65%		part_2		365		316475		71957747		5		43114		145065		225110		27010		304		-6		-706		0		370		690059		53820.5

						97.22%				1083				151772876		31				1424245

		4h		3:19 min		95.98%		part_1		716		194793		81297010		30		94128		1118151		167314		3159		635		-6		-1334		0		746		503286		47912.6

						98.09%		part_2		359		333892		71497304		7		51914		163768		240383		7839		313		-6		-764		0		366		690871		61337.1

						96.67%				1075				152794314		37				1281919

		8h		4:29 min		95.69%		part_1		711		224079		89284679		32		92586		1317035		145855		10992		638		-6		-1409		0		743		514203		48253.2

						98.38%		part_2		364		335897		76055371		6		58770		178412		288205		32686		311		-6		-735		0		370		701044		60530

						96.59%				1075				165340050		38				1495447

		16h		7:07 min		96.75%		part_1		715		257587		98346671		24		93971		1111726		192961		17060		651		-7		-1479		0		739		527384		53763

						98.90%		part_2		360		371261		83686533		4		52910		129712		315887		9673		319		-6		-773		0		364		725523		62497

						97.46%				1075				182033204		28				1241438





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:26 min		55.17%		part_1		416		34091		6786842		338		94553		4701156		13968		8377		290		-2		-301		0		754		398574		18047.5

						58.47%		part_2		221		49939		4212857		157		88480		2311663		3557		14602		147		-2		-158		0		378		501001		19557.3

						56.27%				637				10999699		495				7012819

		1h		1:48 min		11.76%		part_1		89		15146		468255		668		94553		11200152		1087		20580		300		-2		-319		0		757		381631		11635.2

						11.61%		part_2		44		43877		505168		335		92929		6046786		4166		22472		142		-2		-153		0		379		481349		13144

						11.71%				133				973423		1003				17246938

		2h		2:32 min		62.78%		part_1		474		25106		4092690		281		94553		2989066		16908		10030		285		-2		-298		0		755		397270		13489.6

						62.70%		part_2		237		35720		2410670		141		88480		1547729		13361		9908		145		-2		-153		0		378		498254		13696.8

						62.75%				711				6503360		422				4536795

		4h		3:18 min		0.26%		part_1		2		2578		3081		755		94553		14187299		2578		21132		290		-2		-310		0		757		377071		7854.12

						0.53%		part_2		2		7626		11218		378		88480		7921258		3592		27608		118		-2		-126		0		380		475155		6733.15

						0.35%				4				14299		1133				22108557

		8h		6:43 min		66.18%		part_1		499		37862		6725541		255		94553		2992417		15052		938		292		-2		-303		0		754		400759		16435.8

						67.11%		part_2		253		45454		4028875		124		88480		1396740		25441		6556		149		-2		-157		0		377		502953		16837.3

						66.49%				752				10754416		379				4389157

		16h		12:13 min		4.89%		part_1		37		9928		97076		720		94553		11396549		867		23598		294		-2		-316		0		757		380881		10420.6

						7.12%		part_2		27		28726		142922		352		89020		6207242		7264		30196		160		-2		-171		0		379		479970		10848.8

						5.63%				64				239998		1072				17603791





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:16 min		78.54%		part_1		593		26623		4669411		162		94262		1942188		11522		4168		459		-3		-514		0		755		399420		12510.7

						74.07%		part_2		280		35356		2791303		98		94609		954222		12153		9170		213		-2		-242		0		378		500831		12872.8

						77.05%				873				7460714		260				2896410

		1h		1:29 min		71.39%		part_1		539		33971		4379845		216		94262		2243293		4151		2720		446		-3		-508		0		755		398638		13042.8

						69.23%		part_2		261		53572		2735343		116		91910		1094511		5720		3170		232		-2		-259		0		377		500323		13656

						70.67%				800				7115188		332				3337804

		2h		1:35 min		6.90%		part_1		52		14454		277183		702		94262		10230255		4107		6559		424		-3		-483		0		754		382608		10220.2

						5.82%		part_2		22		29532		241498		356		94609		5780952		9901		3236		230		-2		-250		0		378		481316		10263.4

						6.54%				74				518681		1058				16011207

		4h		2:16 min		71.26%		part_1		538		33023		5835992		217		94262		2769120		9285		2261		472		-3		-540		0		755		399870		14861.3

						70.45%		part_2		267		46029		3353839		112		94609		1389569		8850		1366		236		-2		-256		0		379		501154		15558.4

						70.99%				805				9189831		329				4158689

		8h		3:49 min		59.68%		part_1		450		43107		6157186		304		94262		4004540		5964		4593		445		-3		-503		0		754		398663		17200.2

						60.32%		part_2		228		53914		3623164		150		82056		1960612		7742		5099		246		-3		-268		0		378		500369		17805.9

						59.89%				678				9780350		454				5965152

		16h		7:38 min		30.50%		part_1		230		25587		1329799		524		94262		6450062		5730		2351		441		-2		-494		0		754		389017		12713.9

						26.98%		part_2		102		38739		897126		276		93256		3540988		2023		2364		222		-2		-246		0		378		488977		13274

						29.33%				332				2226925		800				9991050





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		1:20 min		90.96%		part_1		684		63813		16774034		68		94419		1566447		31629		8177		587		-3		-868		0		752		416031		21374.7

						89.12%		part_2		336		82311		8457743		41		76731		590432		30658		185		283		-4		-408		0		377		516839		21325.7

						90.35%				1020				25231777		109				2156879

		1h		1:32 min		90.31%		part_1		680		68311		23459351		73		94419		1467484		20941		9005		551		-4		-784		0		753		425014		22459.6

						91.51%		part_2		345		93794		12493125		32		77908		525904		21998		1705		264		-4		-380		0		377		527714		22137.6

						90.71%				1025				35952476		105				1993388

		2h		1:45 min		93.88%		part_1		706		68376		22905877		46		94419		1321138		33742		310		579		-4		-873		0		752		424511		18965.7

						95.49%		part_2		360		74332		12391793		17		91781		464202		34053		14483		283		-3		-408		0		377		527609		19125.5

						94.42%				1066				35297670		63				1785340

		4h		2:13 min		92.43%		part_1		696		59554		22520829		57		94419		1458481		41444		7227		560		-3		-813		0		753		423779		19161.1

						94.16%		part_2		355		74565		11884684		22		91484		499733		31698		9680		290		-4		-414		0		377		526170		18180.2

						93.01%				1051				34405513		79				1958214

		8h		3:12 min		87.23%		part_1		656		68363		24115679		96		94237		1590485		44606		280		538		-4		-781		0		752		425762		23523.4

						87.53%		part_2		330		104438		12884539		47		93038		637201		38702		2245		296		-4		-434		0		377		528457		23809.6

						87.33%				986				37000218		143				2227686

		16h		5:48 min		93.48%		part_1		703		74784		21832114		49		94237		1475763		34035		2453		573		-4		-843		0		752		422878		22243.5

						94.16%		part_2		355		81508		11242504		22		78302		512992		29041		4860		293		-3		-412		0		377		524431		21116.6

						93.71%				1058				33074618		71				1988755





		Horizont		Laufzeit		% verspätet		part		n_tardy		max_tardy		sum_tardy		n_early		max_early		sum_early		quant_tardy		quant_early		n_diff		max_diff		sum_diff		n_delayed		ttl_pcd		ct_mean		ct_dev

		0h		2:10 min		95.90%		part_1		702		258435		85550355		30		92909		1029874		214015		1556		622		-7		-1570		0		732		511273		66838.6

						96.73%		part_2		355		271553		44518654		12		88520		263905		237210		10172		307		-6		-763		0		367		616556		66671.1

						96.18%				1057				130069009		42				1293779

		1h		2:25 min		94.95%		part_1		696		280517		89400269		37		90708		999287		249004		913		625		-6		-1658		0		733		516410		75151.3

						95.91%		part_2		352		283009		45657385		15		83891		307757		250899		36		309		-6		-799		0		367		619539		74637.9

						95.27%				1048				135057654		52				1307044

		2h		2:33 min		94.65%		part_1		690		289287		94015787		39		90708		1255264		255806		8766		629		-6		-1564		0		729		523052		81873.5

						95.62%		part_2		349		316165		48493696		16		90526		416414		252590		18310		301		-6		-741		0		365		627690		81302.1

						94.97%				1039				142509483		55				1671678

		4h		3:10 min		94.81%		part_1		694		304298		112128699		38		91854		1241156		277747		3525		618		-7		-1577		0		732		547294		86271

						95.90%		part_2		351		328114		57786845		15		83522		395244		265658		10733		311		-6		-769		0		366		652779		86113

						95.17%				1045				169915544		53				1636400

		8h		4:20 min		95.88%		part_1		698		322505		117067709		30		91854		951611		313800		611		613		-6		-1480		0		728		555308		105332

						96.16%		part_2		351		335491		60293400		14		85625		260112		311123		2659		291		-6		-737		0		365		660446		105728

						95.97%				1049				177361109		44				1211723

		16h		6:23 min		95.45%		part_1		693		340751		123945615		33		91854		1126153		301173		7346		605		-6		-1488		0		726		564981		99799.7

						96.69%		part_2		351		347074		63088288		12		83603		292486		306566		12881		288		-6		-702		0		363		668962		98229.1

						95.87%				1044				187033903		45				1418639
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Computation time Fab B

» Fab B: 45 tools in 11 sets, 2 products (56 & 66 steps) @ 95% load
o Automated parameter setting for (B)ATCS

o Standard 2 GHz P4 desktop computer with reasonable amount of
memory

o Best TWT case (BATCS+0ODD, scheduling interval 2 hrs, no
additional horizon): less than .2 seconds per schedule

» Longest computation time found in experiments made
(BATCS+ATCS, scheduling interval 2 hrs, 16 hrs additional horizon,
leading to bad TWT results): less than 6 minutes per schedule
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Part 2: Fab C (large model)
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e CR was best dispatch rule for Fab C @ 95% load

 SBH was run with scheduler interval of 2 hrs and no add. horizon

FF Rule

Disp CR

14& 15 Sched_BATCS/ATCS
Sched BATCS/ODD

Disp CR

147 & 1.66 Sched_BATCS/ATCS

Sched BATCS/ODD

# lots
completed

537

561

567

536

561

567

# late

356

52

56

TWT

8.155.803

2.844.991

2.854.545

0

22.100

27.918
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Computation time Fab C

e 268 tools in 84 sets, 2 products (210 & 245 steps) @ 95%
load

e Best TWT case (BATCS+ATCS, scheduling interval 2 hrs,
no additional horizon): less than 50 seconds with
automated parameter setting, less than 13 seconds with
given (B)ATCS parameters
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Conclusions

« With reasonable parameters the Shifting Bottleneck
Heuristic clearly outperforms classical dispatching
approaches like Critical Ratio with respect to on-time
delivery performance

* To generate good schedules the SBH horizon should be
kept small (2 hours in our experiments)

« The computation time of a SBH schedule seems to be

small enough to allow for application of this approach on a
real shop floor
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Desirability Functlon Approach

« Derringer and Suich (1980)

« Main idea: to convert each objective into an individual
desirability function d; such that 0O<=d, <=1

 Finally, combine all the desirabilities into a single function
D = (d,d,d,....d )¥m

|t is possible to control the importance of each
performance measure
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Desirability at the SSP _evel

1. Vary ATCSR parameters (kZ, k2 and k3) to provide different
schedules

2. Record the TWT, CT, Makespan values of all these schedules

3. For each measure calculate the upper (worst) and lower
(best) values

4. Use the upper and lower values and the desirability weights
to calculate the desirabilities of the schedules

5. Choose the schedule with the highest desirability
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Desirability at the MCI\/I _evel

e Local MCM approach: Choose the toolgroup with least desirability.
This desirability is based on objective values at the SSP level.

* Global MCM approach: Insert each SSP schedule into the graph,
calculate desirability of the overall schedule, and choose the least
desirable toolgroup.

* In both these approaches, for each toolgroup store values of
performance measures (Simple MCM: SSP values, Global MCM:
Graph values)

« After iterating through all toolgroups, for each objective, set
lower_bound = least value observed, and upper_bound = highest_value
observed

» Using these bounds calculate desirabilities for each toolgroup, and
choose the toolgroup with least desirability
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Different Approaches

No. SSP level MCM level
1 Only TWT Only TWT
2 Only TWT Desirability (Local MCM)
3 Only TWT Desirability (Global MCM)
4 Desirability Only TWT
5 Desirability Desirability (Local MCM)
6 Desirability Desirability (Global MCM)
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Testing

* Objectives: Makespan (translates to throughput), Cycle
Time, and Total Weighted Tardiness

* Model used for testing: Modified Version of Testbed
Dataset 1 on the MASM website.

e Number of jobs: 50

o Due-Dates: Set using flowfactor (FF) Due Date = release
time + FF * raw process time

* In our testing FF~U(1,1.3) and weights U(1,100)
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Results

SSP-TWT | SSP-Des SSP-TWT SSP-TWT SSP-Des SSP-Des

Instance [MCM-TWT| MCM-TWT | MCM-Des(G) | MCM-Des(L) |[MCM-Des(G)[MCM-Des(L)| CR EDD | FIFO
1 0.759 0.044 0.026 0.039 0.883 0.982 0.418 0.041 0.018
2 0.851 0.968 0.889 0.897 0.887 0.937 0.044 0.431 0.011
3 0.800 0.978 0.816 0.774 0.995 0.984 0.393 0.043 0.011
4 0.730 0.970 0.797 0.781 0.953 0.995 0.043 0.403 0.011
5 0.721 0.973 0.776 0.469 0.999 0.925 0.341 0.038 0.010
6 0.599 0.929 0.609 0.938 0.973 0.864 0.378 0.044 0.011
7 0.041 0.989 0.041 0.021 0.958 0.959 0.3606 0.040 0.018
8 0.040 1.000 0.040 0.040 0.899 0.894 0.370 0.041 0.010
9 0.041 0.876 0.878 0.900 1.000 0.917 0.384 0.039 0.010
10 0.699 0.937 0.681 0.645 0.983 0.984 0.356 0.039 0.011
11 0.826 0.990 0.793 0.671 0.908 0.966 0.041 0.337 0.018
12 0.799 0.970 0.808 0.662 0.863 0.739 0.357 0.039 0.017
13 0.041 0.997 0.041 0.042 0.971 0.952 0.358 0.041 0.011
14 0.733 0.933 0.799 0.712 0.893 0.870 0.039 0.349 0.011
15 0.039 0.946 0.022 0.042 0.952 0.973 0.042 0.396 0.015
16 0.823 0.926 0.656 0.827 0.978 0.931 0.404 0.041 0.011
17 0.798 0.987 0.852 0.825 0.998 0.915 0.041 0.351 0.010
18 0.717 0.902 0.640 0.817 0.955 0.963 0.041 0.356 0.018
19 0.772 1.000 0.885 0.832 0.974 0.896 0.370 0.043 0.011
20 0.722 0.857 0.777 0.787 0.908 1.000 0.039 0.304 0.010
Ave 0.578 0.908 0.591 0.586 0.947 0.932 0.241 0.171 0.013
Std. Dev 0.323 0.208 0.339 0.342 0.045 0.061 0.168 0.165 0.003
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Results

TWT CT Makespan
SSP-TWT| Bestof SSP-TWT Best of SSP-TWT | Bestof
No. MCM-TW1 Des App CR FIFO MCM-TWT| Des App CR FIFO MCM-TWT| Des App CR FIFO

1 60710.2 38464.7 77562.5 139552 414.2 401.632 421.783 447.406 516.067 496.317 515.1 536.833
2 67128.7 44401 74828.1 163917 411.703 403.078 418.885 447.406 510.867 494.15 513.617 536.833
3 89868.9 57984.1 89276.9 152002 424.269 410.021 419.607 447.406 518.283 505.167 522.467 536.833
4 51431.7 35202.8 65718.8 123925 419.551 408.631 428.067 447.406 523.067 518.25 525.95 536.833
5 95454.1 70799.3 91848.2 169196 419.104 416.14 420.548 447.406 528.483 505.75 522.017 536.833
6 75444.5 66455.4 84913.9 150170 411.031 410.955 415.514 447.406 524.15 505.75 510.017 536.833
7 71192.2 53057.1 83607 151919 413.887 404.997 420.368 447.406 520.35 497.917 516.917 536.833
8 85961.5 70494.4 100754 146034 417.221 411.569 421.043 447.406 536.417 502.067 520.75 536.833
9 59184.9 44653.2 68534.4 151999 412,779 405.125 418.721 447.406 526.9 504.017 515.333 536.833
10 66029.8 39878.9 75144.9 147151 414.735 401.774 419.654 447.406 523.517 490.45 519.417 536.833
1 62802.3 49638.2 65613.4 144419 410.728 409.24 411.8 447.406 523 507.467 501.017 536.833
12 57227.7 54651.7 75398.2 153022 412.564 412.526 421.319 447.406 524.05 509.217 512.9 536.833
13 70218.3 61010.6 83708.5 174919 408.08 407.583 416.852 447.406 529.083 503.933 509.9 536.833
14 82573.6 70049.3 88034 160210 417.457 414.282 419.689 447.406 525.55 502.617 515.3 536.833
15 61834.8 34063.5 68177.2 159809 415.807 403.931 422.535 447.406 521.667 497.833 515.733 536.833
16 72319.1 54312.9 73630.9 154704 415.443 408.976 418.416 447.406 531.9 508.3 521.3 536.833
17 69475.7 36973.8 59411.7 143170 419.315 405.267 417.792 447.406 522.133 494.667 514.05 536.833
18 71103.4 43688 68050.8 152419 414.029 403.212 414.315 447.406 521.633 495.55 511.65 536.833
19 80570.2 62869.1 79054.7 181314 412.687 404.106 416.438 447.406 521.05 499.9 517.65 536.833
20 87394.1 64671.3 93407 164421 418.741 415.058 421.809 447.406 529.25 506.25 524.2 536.833
Avg. | 71896.285 | 52665.965 | 78333.755 | 154213.6 415.16655 | 407.90515 | 419.25775 | 447.406 523.87085 | 502.27845 | 516.26425 | 536.833
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* \We are working on an update to this paper
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