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Chapter 1. 3990 Overview

This chapter is an overview of the IBM 3990 family of storage controls. Today’s 
businesses expect exceptional performance from their storage subsystems. The 
3990 family of storage controls is designed to meet and exceed the data 
availability, performance, and reliability requirements that businesses demand. 
More detailed descriptions are provided in “Chapter 2. IBM 3990 Family” on 
page 25.

The 3990 Storage Control is available in a full range of configurations and models:

• 3990 Model 1, designed for intermediate systems with a requirement for two 
DASD paths.

• 3990 Model 2, designed for intermediate-to-large systems requiring more than 
two DASD paths.

• 3990 Model 3, also designed for intermediate-to-large systems requiring more 
than two DASD paths ���  also offering four cache sizes from 32 to 256MB and 
4MB of nonvolatile storage (NVS).

Figure 2 shows a 3990 Model 3 Storage Control with 3390 DASD.
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Figure 2. A 3990 Model 3 Storage Control with 3390 DASD
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• Concurrent media maintenance with ICKDSF Release 11 and above allowing 
media errors to be fixed without taking the device offline.

In addition, the 3990 Models 2 and 3 provide:

• A ��������"	�$��'��'����	����	���  capability that may allow additional:
-  4-path 3380 B-units, or
-  a second 4-path 3380 string, or
-  a second 3390 string or
-  3390 B-units, or B-unit upgrades
to be installed in a 3990 subsystem without disrupting host access to the 
existing DASD, assuming the new devices are properly defined to the host and 
the storage control.

• Two independent storage clusters per frame providing separate power and 
service boundaries.

• Better reliability, availability, and serviceability characteristics than similarly 
configured 3880s.

• The capability to install the dual line cord feature. With this feature, a 
single-frame 3990 provides all the data availability and reliability that was 
previously available only in a 3990 dual-frame configuration.

In addition to those improvements given above, the 3990 Model 3 provides:

• With ICKDSF Release 12 and the appropriate level of microcode in the 3990 
Model 3, media maintenance may be performed on either device in a duplex 
pair without resetting the pair to simplex state.

• A 4MB nonvolatile storage (NVS) that supports both the DASD fast write and 
the dual copy capabilities. Dual copy provides for the automatic creation, 
update, and cut-over to a second copy of critical data. The NVS uses a battery 
to protect data for up to 48 hours.

Note: For maximum data availability, it is highly recommended that all 3990 Model 
3 subsystems using dual copy or DASD fast write have either the dual line 
cord feature or be dual-frame configurations.

The 3990 Storage Control answers the needs of both today and the future’s data 
processing requirements. Each model of the 3990 Storage Control directly 
addresses the data availability, performance, and reliability issues of storage 
management. Even greater performance is available from those 3990 models with 
cache and the nonvolatile storage.

3990 Performance Features
The 3990 provides a number of performance features. The features described 
below are significant performance improvements over the previous family of IBM 
storage controls.

Faster and More Efficient Microprocessing
All the 3990 Storage Controls use faster internal processing techniques than 
previously available and more efficient microprocessing that permits faster data 
access.

Chapter 1. 3990 Overview 15



• Sequential cache management algorithms have been refined to provide faster 
cache access to sequential data.

• Cache is managed in 16K segments providing more efficient use of the cache.

(�!	�G��	�� ����:���	��!� ������ ������ ��D����
Two significant performance benefits to 3990 Model 3 users are:

N� ,&�,�-�!	�E��	�+

-  Permits write operations to be performed at cache speeds.
-  Provides data integrity equivalent to DASD writes.
-  Eliminates the requirement to write the data to the DASD immediately.
-  Maintains a copy of the data in the NVS until it is destaged (written from 

the cache to the DASD).

N� ��� ��-�!	�E��	�+

-  Recommended for small- to intermediate-size sort work files, cache fast 
write permits the selected write operations to be performed at cache 
speeds without requiring writes to DASD.

LLLLL� ,&�,� (�!	�G��	�� ������� �� (�!	�G��	��&�'��	���!� LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

Both fast write capabilities permit write operations to be performed at cache 
speed, eliminating the need to write data to the DASD immediately. These 
capabilities provide faster response times, particularly for DASD volumes with 
high write activity resulting in improved overall subsystem performance. (See 
“Fast Write” on page 34 for more information on the DASD fast write and cache 
fast write capabilities.)

&		�� )��	�	��4%6�����%���� A���������� � �����!
The 3990 Model 3 can transfer cache data at channel speed. The actions required 
to run the 3990 at the 4.5MB per second channel speed are: run the I/O 
Configuration Program (IOCP) specifying 4.5MB per second as the channel speed 
and set the channel speed in the 3990 Vital Product Data for the appropriate 
channel.

On the same 3990 Model 3, some channel interfaces can operate at 4.5MB per 
second while other channel interfaces can operate at 3.0MB per second, depending 
on the processor type and the attached DASD. All channels accessing 3390 
volumes must operate at 4.5MB per second.

3990 storage controls operating at 4.5MB per second must be installed ahead of 
non-3990 control units, regardless of their operating speed. A 3990 operating at 
3MB per second may be installed ahead of a 3990 operating at 4.5MB per second. 
The 3990 storage controls that operate only at 3.0MB per second are not required 
to be installed ahead of all other storage controls, but it is recommended.

3990s may be installed using blue cables for channel lengths up to 400 feet. For 
channel lengths up to 300 feet, blue and gray cables may be mixed. For distances 
between 300 and 400 feet, gray cables may be used after submission of RPQ 
8B0115.
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Table 3. 3390 and 4-Path 3380 Nondisruptive Installations — Quick Reference

Action...

Can access 
data on the 
other string

Can access data 
on other units in 
the same string

Can access 
data on HD As 
in the affected 
unit

Installation or removal of a second string 
(3390 A-unit), where the first string is a 
4-path string, and the 3990 already has 
Feature 6120 installed

Yes N/A1 N/A1

Installation or removal of a second 3380 
4-path string (3380 AJ4/AK4), where the first 
string is a 3380 4-path or 3390 string

Yes N/A1 N/A1

Installation or removal of 3390 B-units Yes Yes N/A1

Installation or removal of end-of-string 
4-path 3380 B-units Yes Yes N/A1

3390 Modei 1 to Model 2 Conversion

Model A14 to Model A24 Yes Yes No

Model A18 to Model A28 Yes Yes No

Model B14 to Model B24 Yes Yes No

Model B18 to Model B28 Yes Yes No

Model B1C to Model B2C Yes Yes No

3390 2-HDA Capacity Upgrade

Model A14 to Model A18 Yes Yes Yes

Model A24 to Model A28 Yes Yes Yes

Model B14 to Model B18 Yes Yes Yes

Model B18 to Model B1C Yes Yes Yes

Model B24 to Model B28 Yes Yes Yes

Model B28 to Model B2C Yes Yes Yes

Note: 1N/A (not applicable).

Intermixed Strings of DASD
A 3990 Model 2 or 3 can attach:

• One or two 3390 strings
• One or two 3380 AJ4 or AK4 4-path strings
• One 3390 string and one 3380 AJ4 or AK4 4-path string
• One 3390 string and one or two 2-path 3380 AJ4, AK4, AD4, or AE4 strings
• One 3380 AJ4 or AK4 4-path string and one or two 3380 2-path AD4, AE4, or 

AA4 strings
• One to four 2-path 3380 AA4, AD4, AE4, AJ4, or AK4 strings.

Note: 3390 and 3380 Model AA4 strings cannot attach to the same 3990 Storage 
Control.

Figure 4 on page 24 shows a 3990 Model 3 storage control attached to 3390 and 
4-path 3380 DASD. For figures showing the supported 3990 configurations, see IBM 
3990 Storage Control Planning, Installation, and Storage Administration Guide.
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Two Cross-Configured 3880
Model 3 Storage Controls
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Figure 6. Two Cross-Configured 3880 Model 3s and a Single 3990 Model 2
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•  32, 64, 128, or 256MB Cache
•  4MB Nonvolatile Storage (NVS)
•  DASD Fast Write
•  Dual Copy
•  Cache Fast Write
•  4.5 Megabyte Per Second Cache Data 

Transfer Speed
•  Dual Data Transfer and Logical Device 

Allegiance
•  More Efficient Use of Cache Storage
•  Improved Sequential Operations
•  Retained Subsystem 

Status Across IMLs
•  3390 Attachment
•  Dual line cord
•  Nondisruptive DASD Installation/Removal
•  DLS or DLSE Mode (Two or Four Data 

Transfer Paths to DASD)
•  Multipath Storage Directors
•  Concurrent Maintenance
•  Independent Support Facilities
•  Two Independent Storage Clusters
•  Uses Less than Half the Floor Space 

of a Dual-Frame 3880 Model 23 with 
Service Clearance

•  Faster Microprocessing
•  Service Information Messages (SIMs)
•  Online SIM Alert Messages
•  Faster Access to DASD by Moving DPS 

Array into the Storage Control
•  Field Upgradable to Larger Cache Sizes
•  Remote Maintenance
•  Writeable Diskette
•  Reduced Power and Cooling 

Requirements

3380 DASD AJ4/AK4
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Figure 8 shows the physical connections of a 3990 Model 2 or 3 Storage Control in 
DLSE mode attached to 3380 Models AJ4 or AK4 4-path strings. The 3990 Model 2 
or 3 can attach one or two 4-path DASD strings or one 4-path DASD string and one 
or two 2-path DASD strings.

The DLSE configuration requires feature 9433 be installed on the 3380 AJ4 or AK4. 

Figure 8 shows a 3990 Model 2 or 3 in DLSE mode.

4 or 8 4 or 8

Legend: SCA =  Shared Control A rray

Note: The figure shows a maximum 3380 configuration of four A-units and 
12 B-units. A minimum 3380 configuration consists of two A-units 
in the same string.

Figure 8. 3990 Model 2 or Model 3 in DLSE Mode Attached to 3380 Models AJ4 or AK4 
4-Path Strings
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DASD Attachment
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Table 4. IBM DASD Models that can be Intermixed on the Same String

DASD
Type AA4 AD4 AE4 AJ4 AK4 3390

Model
A1x

3390
Model
A2x

3380
Model
B04

Yes

" " " " '

3380
Model
BD4

Yes Yes

3380
Model
BE4 '

Yes Yes

"

3380
Model
BJ4 " "

Yes Yes

3380
Model
BK4 ‘ "

Yes Yes

' "

3390
Model
B1x " '

Yes Yes

3390
Model
B2x "

Yes Yes

Note:

Yes =  Models can be intermixed on the same string.
— =  Models cannot be intermixed on the same string.
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3990 Models 2 and 3
The 3990 Models 2 and 3 operate in either DLS or DLSE modes. Each 3990 Model 2 
or 3 has two storage clusters. Each storage cluster has two paths to the DASD. A 
3990 Model 2 does not have cache or NVS. A 3990 Model 3 has either 32, 64, 128, 
or 256 megabytes of cache and 4 megabytes of nonvolatile storage.

In any 3990 in DLS mode, there is no requirement that all channels be connected to 
both storage directors within a cluster. In any 3990 in DLSE mode, there is one 
multipath storage director per cluster. Each channel accesses both storage paths 
within the multipath storage director. The installation has the flexibility to connect 
either a DLS single-path storage director or a DLSE multipath storage director to 
any of four or eight channels.

Figure 16 shows the maximum configuration of a 3990 Model 3 with two 4-path 
DASD strings.

The 3990 Model 3 DASD attachment is the same as the 3990 Model 2 and all 
storage paths attach to cache and to the nonvolatile storage.

For high data availability, the two storage paths in a subsystem in DLS mode are 
not in the same storage cluster. One storage path is in storage cluster 0 and the 
other is in cluster 1. In DLSE mode with four storage paths, two storage paths are 
in storage cluster 0 and the other two are in cluster 1.

4 or 8 Power and 4 or 8
Channels Service Boundary Channels

Power and
Servloe
Boundary

Figure 16. 3990 Model 3 in DLSE Mode Connected to 3380 Models AJ4 or AK4 4-Path 
Strings
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Notes:

1. For more information on the dual-frame configuration, see “Hardware and Data 
Availability Considerations” on page 44.

2. For more examples of the different configurations of the 3990, see the IBM 3990 
Storage Control Planning, Installation, and Storage Administration Guide.

3. Feature 6120 is supported on 3990 Model 2 and 3 dual-frame configurations; 
however, both machines must have the feature installed.
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�9�� ������	�-���	 �� ����
The 3990 runs under MVS/ESA, MVS/XA, and MVS/370, with and without caching. 
MVS/ESA and MVS/XA support the 3990 extended functions DASD fast write and 
dual copy; and provide IDCAMS support for subsystem cache fast write with the 
appropriate level of Data Facility Product (DFP).

Warning: All systems that share a subsystem on which DASD fast write or dual 
copy is in use must run software that supports these 3990 extended functions.

����)�)� �9��A�����)� H�'��!�-�������� ��!���D����	���!
*�	�+� Different levels of software support are required when the 3990 is attached 

to 3390 DASD. For the most current listing of these 3390 software support 
levels, see Using IBM 3390 Direct Access Storage in an MVS Environment.

Although the information below lists only the minimum version and release levels 
required to support the 3990, you should always use the most current level 
available to take advantage of any product enhancements.

The minimum release level of MVS programs, E�	 �	 �����������	��A1(!$� required 
to support 3990 basic operations is: (Basic caching includes caching as in a 3880 
Models 13 and 23, and cache fast write operations of the 3990 Model 3.)

• MVS/ESA

-  MVS/System Product Version 3 Release 1.0
-  MVS/DFP Version 3 Release 1.0 *
-  Data Facility Data Set Services (DFDSS) Version 2 Release 4
-  Device Support Facility (ICKDSF) Release 9.0 with PTF UY90143
-  DFSORT Release 9.0 (with appropriate PTFs)
-  DFSORT Release 10 for cache fast write and Read Track support (with 

appropriate PTFs)
-  EREP Version 3 Release 3.2.

* Although not MVS/ESA, MVS/DFP Version 2 Release 3.0 is also supported.

• MVS/XA

-  MVS/System Product Version 2 Release 1.2
-  MVS/XA DFP Version 2 Release 2.3 or Version 1 Release 1.3
-  Data Facility Data Set Services (DFDSS) Version 2 Release 2.0
-  Device Support Facility (ICKDSF) Release 9.0
-  DFSORT Release 9.0 (with appropriate PTFs)
-  DFSORT Release 10 for cache fast write and Read Track support (with 

appropriate PTFs)
-  EREP Version 3 Release 3.2.
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�" � ���� ����� �	������ ���	���� ��	�����	���









� � � ��� � ���� � � ��� � ���� � � � � � � � � � � � � � � � �� � ��

D����	���! ;  C�0 � 1 $ � � � � � � I�� ' � �& � �����LB?�? ,�!��!!���� �-�9�@�A� �����	�� �
��))���!� ���� -�����	��!$� ��������� �
,,M$� �D*�1DM$� 9&MT$� ��� �
, �3(�1

;  C�0 �201 � 1 $ � � � � � � I�� ' � �& � � �M����!� �
4%?�

�1��L�"�" ,�!��!!���� �-�9�@�A� SAD� �����	�� �
��))���!� ���� -�����	��!$� ��������� �
,,M$� �D*�1DM$� 9&MT$� ��� �
, �3(�1

;  C�0 �201 � 9 � #� � � � � B� +0� � �$$� ����� � �

�%�� !"  � ( ))*� � �� � � � � � + � � ���#�  �& �#�(

;�?�L�4�� ,�!���:�!� 	 �� !�����	� �-�9�@�A� SAD �
M����!�� 6�-��� 	 �� ����� ������ �%

;  CO , � �> �9 � � #� � � � �� � � 1 $ � �� ��� � ;�?�L���� ,�!��!!���� �-�9�@=&� �(� �����	�� �
��))���!� ���� -�����	��!$� ��������� �
,,M$� �D*�1DM$� 9&MT$� ��� �
, �3(�1

;  CO, � �0�9 � � #� � � � �� � � 1 $ � � � ��� � ��?�L��#� ,�!��!!���� �-�9�@=&� �A� �����	�� �
��))���!� ���� -�����	��!$� ��������� �
,,M$� �D*�1DM$� 9&MT$� ��� �
, �3(�1

;  CO, � �>� ; �� �� �#�  � -%�� � � 1 $ � �� ��� � ;�?�L���" ,�!��!!���� �-�9�@=&� �(� �����	�� �
��))���!� ���� -�����	��!

A������� ;  C�0 � 0#� � � �� � � ' � �& � � � �& �9 � �� � � � - � �����LB?�� ,�!��!!���� �-�9�@�A�  ���E���� ��� �
!�-	E���� ��������$� !�!	�)� ��!���$ �
���� !�!	�)� ��-���	���

;  C�0 �201 � 0#� � � �� � � ' � �& � � � �& �
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�����LB??� ,�!��!!���� �-�9�@�A� SAD�  ���E��� �
���� !�-	E���� ��������$� !�!	�) �
��!���$� ���� !�!	�)� ��-���	���

;  CO, � �>� ; ���� �#�  � -%�� � � 0#� � � �� � ��?�L��B# ,�!��!!���� �-�9�@=&� �(�  ���E��� �
���� !�-	E���� ��������$� !�!	�) �
��!���$� ���� !�!	�)� ��-���	���

;  CO , � �0�0#� � � �� � � � �& � ,& � �� �� ��� ��� � ;�?�L��#" ,�!��!!���� �-�9�@=&� �A�  ���E��� �
���� !�-	E���� ��������$� !�!	�) �
��!���$� ���� !�!	�)� ��-���	���

;  CO, � � � � �� � � � > �- �#��� � 0#� � � �� � �

' � �& �

;;?4L�#�� A��'���!� ��'������ ��!	����	���� ��� �
��������� ��-��)�	���� -���9�@=&� �($ �
���� �������!� ��������� ��-��)�	���� �� �
�9�@�#�$� �9�@=&$�9��� ���� 9� �
���!	!� ������9�@=&� �(

� � 3(��� � �� �� � � � ���� � � (�&��� � ��� �

9�@�� �A�������� (���T���� ��!	�) ;  C!� �� � � � � �& � � � � �� � � 0#� � � �� � � >�� �

Q���� � � � �� �

��?4L6��# A��'���!� ���L��!	����	���� �������� �
��!	���	���!�-���9 �@�� � ���� ! ����� :� �
����� :�-���� ;  C!� � !� � ��##�� � � Q��� �

� � � �� �

9�@�� � ��!	�������T���� ��!	�) ;  C!� � � � � � � �& � � � � �� � � !� � ��##�� � � Q��� �

� � � �� �

��?4L6�4� A��'���!� !	��L:�L!	��� ��!	���	���!� -�� �
��!	������� 9�@��U� �!�� 	 �!� :��>� �� �
���J���	���� E�	 � ;  C!� � 0#� � � �� � � > � � �

Q� � �� � � � �� �

9�@�� � � ��������T���� ��!	�) ;  C!� � � � � � � �& � � � � �� � �  � � � � �� � � Q��� �

� � � �� �

��?4L6��" A��'���!� �����	���� ��� �
��)���!	��	���� ��!	���	���!� -�� �
9�@��	����	� �� ��!	�)

9�@�� � M����	���� ��!	�)� A��:��)! ;  C!� �� � � � � �& � � � � �� � � 9 �$ � ���� � �

� � � �� � � 0 �� � #� � �

��?4L6��� A��'���!� ���:��)� �����	��� �
��!	���	���!� -���9 �@�� � ���� �!� :�!�� �
���9�@��	��� � 	�' � � A�����	�'�	� �
(�����	�Y!� A��:��)� ���	���� (�����	�

9�@�� � H�������� 	�� 2!��T���� ��!	�)+ �
������ ���� ��-��)�	���� ��!!���!

;  C!� � � � � � � �& � � � � �� � � � � � �� �� � � ��� : � � �

Q� � �� � � � �� �G� < �� � � � � �& �!� �� �� � ��� � �

 � � � � � � �

��?4L6�6� ,�!���:�!� � ��� �� ���� ��-��)�	��� �
)�!!���!� ��������� :��9�@��U �
�������!� ���!!L��-������� 	�:��� 	� �
 ���� ����	�� )�!!���!� ��������� :� �
�	 ��� ������	!� ���� -���	���! �
��������� ��� 9�@��

� � � %��&� �� � � ' � � ���� � � � ��� � �
(�&��� � ��� �

9�@M1� � A�����) �
,�!����	���@D����	���!� ������

;  C(A* �9 � � #� 	 �� � �  � � ��� � �0 �� � �� � �

� � � - � �$ ��� �C1 $ � �� ��� � � �  � � � � #

�S?�L?��# ,�!����	���� �-�M1�� -���	���!$ �
��))���!$� ���� �����	!� -�� �
���-��)����� )���	�����

M1�@�(�A�����) �
,�!����	���@D����	���!� ������

;  CO , � 9 � �#��� � �  � � ��� �C� � � �� � � �

> �- �#��� �0 �� � �� � �

� � � - � �$ ��� �C1 $ � �� ��� � � �  � � � � #

�S?BL#��� ,�!����	���� �-�M1�@�(�-���	���!$ �
��))���!$� ���� �����	!� -�� �
���-��)����� )���	�����

� � " � ���� ����� �	������ ���	���� ��	�����	���



� � � ���� ���� � � ��� � �� �� � � � � � � � � � � � � � � � �� � ��

9��&�32A� � �����) �� 	� ��!	�) �
; ������� ��-��)�	���

;  " , +? :0 �  � � � � � � � � � � � � � �� � �

' � � � � � #�!� �� �� � ��� �

;S?�LB?4" D'��'��E� �-�9��&�32A� ��� �
9�&�� �'��-���	���!�-��� ��	�� :��>�� �
���� ��� �'��

9�@,����	� ��� � ���	������� ; �����_ �
��-��)�	���

;  C� ��� - �� �� �  � �� �� � � � - � � ' � � � � � # �

!� �� �� � ��� �

;�?�L�"�B D'��'��E��-� ,�M�&�*1�-���	���!�-�� �
�����	���� ) ���	������

9�@,����	� �� � � ���	������ �
��!	����	���� ���� ��!	�) �
&�) ���!	��	��Y!�;����

;  C� ��� - �� �� �  � �� �� � � � - � � !� � ��##� ��� � �

� �& �� � � �� � � , & � �� �� � �� �� � I�� ' � �& �

��?�L�"4� ,�!����	���� �-� ,�M�&�*1 �
��) ���!	��	��� ��))���!

9�@��(� ; ������� ��-��)�	��� 9�@��	��!�!	�) !� (�����	�� ; ������ �
��-��)�	���

;�?�L���# A��'���!� ��� � '��'��E� �-� �!��� �
9�@��(�-��� ! ������ )�����!>!

9�@��(�A�������� ���� ��!	����	��� 9�@��	��!�!	�) !� (�����	�� A�������� ��� �
��!	����	���

��?�L���� A��'���!� ��������� ���� ��-������ �
��-��)�	����-��� 	 �!�� �������� �
!�!	�)� ��!�����!Y� �!����-���9�@��( �
���� -��� ��!	�����!� �-�9�@��(

9�@��(�D����	���� ���� 2!� 9�@��	��!�!	�) !� (�����	��D����	���� ��� �
2!�

��?�L�4�� ,�!���:�!� �����	���� �-�9�@��( �
-���	���!$� ���� ���	���!� �A� ���� �� � �
��))���� !��	�/� ���� )�!!���!� ��� �
����!�-��� �A$� ���$� ��� �
9�@A�!!L1 ���� � (�����	�

9� �&A� ;������� ��-��)�	��� ;  �  � � ��� � � , � �#� � �� � 0 �� � �� � � ' � � � � � # �

!� �� �� � ��� �

;��4L?�B4 D'��'��E� �-�9� �&A�-���	���!�-�� �
���-��)����� )���	�����

9� �&A�2!��Y!� ;����� ���� M�-������ ; ���� �#�  � -% �� � �  � � ��� � � , � �#� � �� �

0 �� � �� � � : � � � �� � ' � �& � � � �& �9 � �� � � � - �

���4L?�BB ,�!����	���� �-�9� �&A���))���! �
���� �����	!

9�@AA(� ; ������� ��-��)�	��� ;  �0 � ��� � � � � - � �0#� � � �� � � > �- �#��� �

' � � � � � #� !� �� �� � ��� �

;��4L?�?B D'��'��E� �-�9�@AA(�-���	���!�-�� �
���-��)����� �����!�!� ���� )�������

9�AM(�2!���; ����� ���� M�-������ ;  � 0 � ��� � � � � - � �9 �$ � � ��� � � > �- �#��� �

J;  09>K� : � � �� ' � �& � � � �& �9 � �� � � � - �

��?�L�4B� ;����� 	��9�AM(�-���	���!�-�� �
���-��)����� �����!�!� ���� )�������

� � � + �&� �� � ' � � (�&��� � ��� �

&�	��� �	�� A�	 ���� ������9� , #�� � � � � � � 0 � �%�� � � � �& � �� ;  ;;??L��"� ,�!����	���� �-�  �E�9�@�A� �!�! �
��	� �� � 	� � ��	 !� ��� 	 �� !	����� �
!�:!�!	�)

�� ��M�-������ ;  C�0 �+  � � + � � � � �& � � �& �  � - �� �

9 � �� � � � - � � �M����!� �4�

;  C�0 �+  � � + � � � � �& �9 � �� � � � - � �

�M����!�� 6�

�����LB?�� ,�!��!!���� �-��� �� ��))���!$ �
���������� (DM�&1� ���� �DAT(�H��-�� �
	 ��9�@�A����� 9�@�A�SAD �
��'����) ��	!

;  CO , � �>�+  � � + � � � � �& � � �& �  � - � � �

9 � �� � � � - �

; � ��LB?�� ,�!��!!���� �-��� �� ��))���!$ �
���������� (DM�&1� ���� �DAT(�H�

;  CO , � �0 �+  � � + � � � � �& �9 � �� � � � - � ��?�L��64 ,�!��!!���� �-� ���� ��))���!$ �
���������� (DM�&1� ���� �DAT(�H�

��) ����!��� �-� ���� ��"�!� ���� ��� �
��6�!�2!��� -���9�@�� � � ������!>!

+ � � $ � ��� � � � � ��!"  � ((7*�� � �& �!"  �

((B*�� : � �& � �� �� ;  C+  � �  �� �&�� � � �

;;??L��4# �'����	�!� ��"�� ��!>� ������	�� ��� �
���-��)����� ���9�@�A�SAD

�A�-��� ��!	�)� A�����))��� ;  C�0 �+0� �� �� � � � �� � � 0 � � � �� � � �� � �

�M����!�� 6�
��?4L6?"6 ,�!��!!���� �-�!�!	�)� ������))��� �

	�!>!� ���� ��))���!$� ���������� �A �
�*,��&1�$� �T�DG*$� �D*�1DM

;  C�0 �201 � +0� �� �� � � � �� � �

0 � � � �� � � �� � � �M����!�� 6�
�����LB??4 ,�!��!!���� �-�!�!	�)� ������))��� �

	�!>!� ���� ��))���!$� ���������� �A �
�*,��&1�$� �T�DG*$� �D*�1DM

�A�M�-������ ;  C�0 �+0 �+ � � � � �& �9 � �� � � � - � ����LB?�� ,�!��!!���� �-� �A���))���!�-��� :�	 �
�������� ���� ���L�������� �!��!

;  C� 0 �201 � +0� + � � � � �& �9 � �� � � � - � �����LB??# ,�!��!!���� �-��A� ��))���!�-��� :�	 �
�������� ���� ���L�������� �!��!

;  CO , � �> �+0 �+ � � � � �& � � �& �� �� � � � � �� �

9 � �� � � � - �

;����LB?�6 ,�!��!!���� �-� �A� ��))���!�-��� :�	 �
�������� ���� ���L�������� �!��!

;  CO , � �0 �+0�+ � � � � �& �9 � �� � � � - � ��?�L��6" ,�!��!!���� �-��A� ��))���!�-��� :�	 �
�������� ���� ���L�������� �!��!

,&�,� � ������ ������9� � , � � � �% � ��� � � � �& � �� ;  ;;??L��"� ,�!����	���� �-�  �E� ,&�,� ���� :� �
! ����� �)���� ���!	� !�!	�)!

��!	�)� (�����	��!�-���A�����))��� ; ���� �#�  � -%�� � � � � � �� � � > � - �#���� � � �� � �

0 � � � �� � � �� � � �M����!� �6�
�1?4L6?"" ,�!��!!���� �-�!�!	�)� ������))��� �

	�!>!� ���� ��))���!$� ���������� ,,M �
-��� :�	 � 	 ��9�@�A� ����9�@�A�SAD �
��'����) ��	!

��!	�)� H����� ���� A��:��) �
,�	��)���	���� ;�����9���) ��?Q���

;  R� �G � ��%� � � � � � � � � �& �0 �� � #� � �

� � �� � � �� � � �� � � ' � �& � � ; �#� � � �64+  �

HT?�L�"�� ,�!��!!���� �-� �� ��-���� !	������ ����� �
��� 	 ��9�@�A� ����9�@�A�SAD �
��'����)��	!

��:������� �� ���
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