x. Cost Summary

In this section we present cost estimates for the establishment and operation of a regional center for U.S. ATLAS and for the professional software development by U.S. ATLAS. It must be emphasized that these estimates are highly preliminary. There are significant uncertainties in both the requirements for a U.S. regional center, for software development in the U.S. and in the extrapolation of unit hardware costs into the operations phase of such a regional center. We would expect to refine these preliminary estimates in the course of preparing a proposal for a regional center, for software development and the associated computing management in the next few months.  But substantial uncertainties will remain even then and would be reflected in the appropriate contingencies for each cost element. We believe it is premature to assign such contingencies now and hence the cost estimates below are intended only to establish the approximate scale of the U.S. computing funding required. A detailed Work Breakdown Structure will also be developed in the course of preparing a proposal.

x.1 U.S. ATLAS Computing Cost Model

Our understanding of the requirements for U.S. ATLAS computing and its relationship to the overall ATLAS computing has already been described in sections 3(software development) and 4(infrastructure). In order to make a cost estimate, we have fixed the requirements for the infrastructure (computing capacity, user disk storage, mass storage and personnel) in 2005 and have appropriately scaled these quantities in earlier years based on key milestones (e.g. a mock data challenge in 2003). The total number of FTE software professionals required has already been given in section 3. The parameters of this simple costing model are summarized in Table x.1. 


Quantity 
UNIT

CPU capacity in 2005
50000
SpecInt95

User disk storage in 2005
25000
GB

Mass storage in 2005
250
TB

Operations/support personnel in 2005-2006
14
FTE

Professional software development personnel thru FY05
80
FTE-years

Table x.1 ATLAS computing model as defined in the text.

x.2 Cost Estimate  

Our preliminary estimates of hardware and personnel costs are given below in Tables x. 2 and x.3, respectively. The hardware costs include replacement costs as well as the cost of items added in a given year. All costs are in FY99 $K. The CPU and disk storage costs are scaled from current costs assuming decreasing costs per year (Moore's Law). The costs for mass storage have been estimated by scaling from current costs of tape drives and robots and tapes. The operations costs apply over the first few years of operation. We note that experience in current experiments implies the need for significant software development personnel during this period.

Added or Replaced
FY99
FY00
FY01
FY02
FY03
FY04
FY05
Operating
thru 05

  CPU(Si95)
0
40
40
500
5000
5000
40000
12500


$K/Si95
0.12
0.074
0.047
0.029
0.019
0.012
0.007
0.0038


Cost($K)/year
0
2.96
1.88
14.5
95
60
280
47.5
454

  Disk storage(GB)
100
100
100
1000
1300
2500
22500
5000


$K/GB
0.1
0.063
0.04
0.025
0.016
0.01
0.006
0.004


Cost($K)/year
10
6.3
4
25
20.8
25
135
20
226

  Mass storage(TB)
0
0
0
0
12.5
25
250
100


Cost($K)/year
0
0
0
0
332
82
330
130
744












Total Cost($K)
10
9
6
40
448
167
745
198
1424

Table x.2 Preliminary estimate of hardware costs for ATLAS computing.

FY99
FY00
FY01
FY02
FY03
FY04
FY05
Operating
thru 05

Operations(FTE)
1.3
1.3
1.3
2.5
4.5
5.5
8.5
9


Average($K)/FTE
164
164
164
164
164
164
164
164


Cost($K)/year
213
213
213
410
738
902
1394
1476
4084

Support(FTE)
1
2
2.5
3
3
4
4
5


Average($K)/FTE
164
164
164
164
164
164
164
164


Cost($K)/year
164
328
410
492
492
656
656
820
3198

Development(FTE)
3.5
6
10
13
15
16
16
10


Average($K)/FTE
191
191
191
191
191
191
191
191


Cost($K)/year
670
1148
1914
2488
2870
3062
3062
1914
15212












Total cost($K)
1047
1689
2537
3390
4100
4620
5112
4210
22495

Table x.3 Preliminary estimate of personnel costs for ATLAS computing.

In addition, there are costs for facilities improvement and maintenance, licenses and for training. These are estimated below in Table x.4. Not included are costs for software package purchases that may be needed. ATLAS-specific licenses will be negotiated through CERN and we assume here these are available at no cost. We also assume that facilities costs (space, power, installation, etc) continue to be offset at the current level of support for the PDSF(approximately 100K per year) and only incremental costs are shown. 

Costs/year
FY99
FY00
FY01
FY02
FY03
FY04
FY05
Operating
thru 05

Facilities costs($K)/year
5
5
3
20
224
84
373
99
712

Maintenance/licenses($K)/year
20
20
20
50
50
50
100
100
310

Training/($K)/year
0
25
25
25
25
25
25
25
150

Total cost($K)
25
50
48
95
299
159
498
224
1172

.

Table x.4 Preliminary estimate of facilities and other costs for ATLAS computing.

x.4 Total Costs and Funding

The very preliminary estimate of total costs through FY05 and operating costs per year is summarized in Table x.5. The level of precision implied by the numbers in Table x.5 is not justified but the values are given to high precision for consistency. Personnel costs associated with software development and support/operations are by far the largest fraction of the total cost. The inexorable reduction in unit CPU and storage costs allows the total hardware costs to be 10-15% of the total. 

The total cost to establish an ARC and for U.S. ATLAS software development is estimated to be about $25M(FY99). If the level of ongoing support of software professionals at ANL and LBL continues at the expected level, then the total incremental cost to DoE+NSF would be about $20M(FY99). Similarly the total operating costs are estimated to be about $4.6M(FY99)/year or $3.9M(FY99) if the current level of ongoing support is available in 2005 and beyond. We would expect that some other costs for software professional personnel might also be offset by continuing support at other institutions, but have not included this in our estimate.


Total THRU 2005($K)
Operating($K)

CPU
454
48

User disk storage
226
20

Mass storage
744
130

Operating personnel
4084
1476

Support personnel
3198
820

Development personnel
15212
1914

Facilities
712
99

Licenses, maintenance,etc
310
100

Training
150
25

SUBTOTAL
25090
4632

Ongoing support of personnel(ANL+LBNL)
-5000
-700

GRAND TOTAL
20090
3932

Table x.5 Summary of preliminary cost estimate through FY05 and the yearly operating cost thereafter.

y. Key Milestones

In this section we provide a brief overview of the schedule to establish a U.S. regional center and of software development. Key milestones are presented in Table y.1 and a more detailed schedule for near-term software development is given in Appendix A? In order to prepare a proper, and detailed, schedule for software development and the establishment of the computing infrastructure, there must be much more interaction among the interested U.S. participants and with the overall ATLAS computing management. 

Milestone
Date

First U.S. ATLAS computing proposal to DoE/NSF complete
April 1999

Define software development pilot project and schedule
June 1999

Complete current ATLAS code install and support
March 2000

Define initial U.S. ATLAS software deliverables
April 2001

Define ARC model for analysis/data access
May 2002

Begin hardware acquisition of 10 % system
January 2003

Complete 1st Mock Data Challenge
January 2004

Begin hardware acquisition for production system
June 2004

Import 1st reconstructed data from CERN
September 2005

Begin physics analysis
January 2006

Table y.1 Key milestones for U.S. ATLAS Computing.

