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06f522 Hour Exam 1 SOLUTIONS - Oct 24 2006.  Prof. Lechner

This exam allows open book and notes. 
Student Name:___________________________________



Part 1. Functional properties of relations (into/onto, partial/total, sv/mv)
Suppose the link [AA]------------[BB] associates instances of classes AA and BB.

Add UML-style multiplicity tags to each end of each example below based on the six functional properties {sv, mv, into, onto, partial, total}.


(sv = single-valued; mv = multi-valued);


(total = completely defined; partial = incompletely defined);


(into = range is a proper subset; onto = range is the entire set);

Your tags should look like: minmult..maxmult, where minmult = minimum multiplicity = 0 or 1 

and   maxmult = maximum multiplicity = 1 or *, at each end of the line between AA and BB.

Warning: These specs may be contradictory or incomplete. (see 1E)

. 





         p               o  sv
1A. Relation AA to BB is a sv partial onto function, 
         0..?--->--- 1..1
(L2R onto    <==> R2L total)
and its inverse BB to AA is a mv into total function.
[AA]-----------------[BB]
(L2R partial <==> R2L into






         0..*<------ ?..?







         t
             o  mv
1B. Relation AA to BB is mv total onto,

         1..? ------> 1..*
and its inverse BB to AA is sv:


[AA]-----------------[BB]
(L2R total <==> R2L  onto )






         ?..1----<---?..?
1C. Relation AA to BB is sv onto;

          
         1..? ---->--- ?..1
inverse relation BB to AA is mv partial into:

[AA]-----------------[BB]
(L2R onto contradicts R2L into)






          0..* ---<--- 0..1
1D. Relation AA to BB is sv; 


         ?..? --->--- ?..1 
inverse relation BB to AA is onto total:

[AA]-----------------[BB]
(R2L sv or mv is undetermined)






         1..? ---<--- 1..?
1E.(i)  Which one of 1A thru 1D has contradictory/inconsistent specs?
___1C____
1E(ii) Which one of 1A thru 1D has an incomplete specification? 
___1D____
Part 2. Dense vs. sparse matrix representation of relations:

2A. Give an example ER Diagram (fragment) for a domain that we understand, (i.e. whose table types are in SIS or COOL or other familiar application) of a many-to-many relation between two distinct entity types, implemented as a third associative entity type:




2B. For your example in 2A, suppose the first entity type has 20K instances (20,000 table-rows) and the second one has 10K instances. Then the relationship matrix has 20K rows and 20K columns. Explain the notion of relationship density and specify 2 formulae for it,  in terms of total pairs of related instances and one of: average instances per row or average instances per column:

[OOPS! 20K by 10K is no consistent with 20K by 20K! - sorry about that :-(.  Using nRows and nCols below:]
Let  
AvgPerRow and AvgPerCol be expected number of associations per row and per column resp.

Then 
AvgPairs (of related instances)  = nRows*AvgPerRow = nCols*AvgPerCol

and  
MLrelationDensity =  nRows*AvgPerRow/(nRows*nCols) = nCols*AvgPerCol/(nRows*nCols)



= AvgPerRow/nCols = AvgPerCol/nRows. 

so 
AvgPairs  = MLrelationDensity*(nRows*nCols)   
(all of which makes perfectly good sense :-)

2C. Here is an example ER Diagram (NOT a database instance) for the domain of abstract maps AM (AM is a map on which you can plan multi-hop flight plans or road trips).  The MapNodes (MN) of this DB are airports or road intersections; its edges or links (table ML) are many-to-many relations among instances of these nodes. Assume there are 20K nodes in table MN for your map. Choose your own (reasonable) average fan-in/fan-out (number of incoming/outgoing links) per node, and estimate the percent density of the connection matrix among nodes. Would you call this a dense or sparse connection matrix?

Average fan-in/fan-out: ___10___
Density of table ML: __(10/20K) = 0.01  % __  sparse=Yes/No? YES!
ERD: 




2D. For the density you estimated above, compute the storage size of a chgen-style database and a 2D indexed array to support either a sparse or a dense representation of this map. 
Assumptions: 
(1) each sparse ML association entry requires 20 bytes (one 4-byte encoded pkey, two 4-byte forward-child pointers NNid1_fpp and NNid2_fcp,  and two 4-byte parent-pointers NNid1_pp and NNid2_pp); 
(2) each dense array element requires one 2-dimensional indexed array of 1-byte TRUE or FALSE values.)

Answer: density  __0.01%__;    Dense array size:__20K*20K*1B = 400MBytes__                 
Sparse-matrix size: __20K*10*20 Bytes = 20K*10*20 = 4MB;__       Space ratio = (20/1)*(10/20K) =1/100.
2E. Give an example (in a familiar domain) in which two parent entity keys are NOT sufficient to identify a unique child associative entity instance that relates them. [Hint: consider temporal database models with historical data content in objects.]




Father FA and Mother MO of multiple children CH.

CH needs another candidate key field besides FAid and MOid 


(e.g. firstname (birthdate is ambiguous for  n-tuplets) 
2F. Explain how an association instance can become a 'container' for multiple instances of the same relation type between objects  of the same parent-type. Illustrate this on an ER or class Diagram with meaningful entity names and associations


In 2E above, associate FA and MO via one Family Unit (FU) 
over one time duration. Let one FU be parent of all CHildren 
born during the time from marriage to separation.
This permits multiple marriages over disjoint periods. 
However, remarriage to the same partner creates the same problem: 
there can exist multiple FU children of the same FA,MO pair.

(I had a relative who divorced and later remarried his first wife.) 
Part 3. Re: Surrogate and Candidate Keys

3A. Define surrogate keys, simple candidate and composite candidate keys 

(explain the differences bteween them).

Surrogate Key: A simple key that identifies a unique instance but which is meaningful to 

developers but not to casual users.
Simple Candidate Key: a user-visible simple identifying field such as a Social Security Number,

for which no two distinct objects can ever have the same value in the database.
Composite Candidate Key: a user-visible set of attributes which can identify an object, because

no two database objects can have the same values for all of these attributes. 

________________________________________________________________________

3B. Describe what I mean by non-local candidate key components  

(local means comprised only of data fields within the object being identified.)
Non-local components of composite keys are attributes of unique ancestors of the object being identified. 

They can be data members of super-class ancestors, or data members of aggregate containers.
_________________________________________________________________________
3C. Why would you want to restrict non-local key components to fields of container 

ancestors and super-class instances?. 

Because: no other contexts exist in which non-local attributes are guaranteed to have unique values 

that can be accessed from an object to verify thatt his composite key has a matching  identity. 

Caution is advised in the aggregate case, since objects that migrate between containers cannot have

such a Candidate Key as its immutable or permanent identifier.

Caution is advised when two paths exist to different objects of the same ancestral type.

The correct path must be taken consistently to use an ancestor attribute as part of a key.

E.g. two paths exist from a link or edge to what are usually different source and destination nodes.

A source node would have different value than the destination node for a node attribute used in a link's

composite key.  A similar problem exists with multiple inheritance, if two inheritance paths 

to the same ancestor class are not prevented from accessing different super-class objects. 

Solution to TAKE-HOME PROBLEM - pages 4 and 5.  (pp 6 and 7 ERD and sch file are omitted)
(return hard copy next week or edit the online $PH/06f522/exam1/06f522exam1.doc)
Attachments:  SISrev061014.sch, SISrev061014.ppt, SISrev060111.dat, from $PH/COOL-GEN.
Part 4. SISrev061014.sch and data model:  
4A. For the attached schema and ERDiagram, give an example of a non-local composite 
candidate key query: i.e., one that must reach into container or aggregate parent tables 
to find values for some candidate-key components.  

(Input data file SISrev060111.dat  is appended merely as an example of SIS DB content.)
(1) Find the grade of a particular student AAid who was registered in course courseNo during term TMid.
(Assume no student can be enrolled twice in [the same or different sections CT of] the same course CO.

during the same TMid.)  Then AAid, COid and TMid are a unique Candidate Key for the 

particular ENrollment object ENid which contains the student's grade for that ENid 

(SPgrad  is functionally dependent on the triple of values (AAid, TMid, COid) ).

(2) Find the section object CTid  for section 291 of course 522 in Department 91.

Here 291 is a local field of  CT, 522 is the courseNo field of parent type CO, and 91 is the deptNo of 

grand-parent type DE.

_______________________________________________________________
4B.  Identify or add to SISrev061014.sch the required table attributes/fields/columns which 
your query expects to find in each entity type referenced in your candidate key example.

For example (1), table EN already contains SPgrad[e] and redundantly contains sectionNo
(deprecated - it is not 2NF and  sectionNo already exists in the CT object common to many ENids 

on which it functionally depends). No new attributes are needed.
For example (2), CT contains sectionNo, CO contains courseNo and DE contains deptNo.

No new attributes are needed.

______________________________________________________________________

4C. Write the condition that must be satisfied (or not) to verify whether (or not) an entity instance 
already exists with this candidate key value. Your condition should be a C or C++ expression that is 

complete enough to be compiled, assuming chgen has processed SISrev061014.sch and provides 
pr_accessors.c and parent-child linked-lists.
---------------------------------------------
Example (1): I assume a CQ_row contains the CKname or CKid in fvalue0 and a list of field values fvalue1, fvalue2, fvalue3. 

Assume CQcurr -> fvalue{1..3} contains values for AAid, courseNo and TMname, resp. (all loaded as string values, without conversion/encoding).
Assuming local vars: char* extkey[HCG_KEY_SIZ+1]; unsigned int intkey, the condition is:


(ENcurr->RTid_pp->AAid == (int)encode(CQcurr->fvalue1,intkey)

&& (ENcurr->CTid_pp->COid_pp->courseNo == (int)CQcurr->fvalue2

&& strncmp(ENcurr->CTid_pp->TMid_pp->TMname,


(char*)CQcurr->fvalue3, strlen(fvalue3)==0)

)

Notes:
-----

strlen(fvalue3) would agree with strlen(TMname) only after removing blank padding from TMname in the database (via mystrcpy in pr_load.c). Field TMname has a string value in some row of table TM not in meta-table TT or TA. (TMname's length did vary at UMLowell since different-length names were added for summer and mid-winter terms.)
mystrcpy  copies a blank-padded cnn-type or tnn-type field, with the option to strip off trailing blanks and null-terminate it: 
pr_load.c:108:void mystrcpy(char *s,char *t,int n,int unpad)
Assumed pre-conditions: (Refs are in $PH/06f522/asgnt3/lechner/metatest3):
In pr_load.c: 
int encode( char *external_key, hcg_key *k ) {...}
In metaCKplusSISrev061014.h:375:
#define HCG_KEY_SIZE 8

Access macros (before struct XX declarations at end of metaCKplusSISrev061014.h):
ENcurr->EN__TM->TMname is not available 
Reason: the path is not unique: TM can be reached from EN via RT or CT, which is ambiguous since the SISrev061011.ppt ERD on exam1 page 5 is not a spanning tree.
Although it is not worth using, it is worth noting that an unambiguous EN__RT__TM path can be defined as 

ENcurr->EN__CT->CT__TM->TMname 
This expands into 

ENcurr->CTid_pp->TMid_pp->TMname
because these two access macros ARE defined: 

 
#define EN__CT CTid_pp and #define CT__TM TMid_pp.

In Example 2 below, CTcurr->CT__DE->deptNo is not available for the same reason.
---------------------------------------
Example ((2): Assume  CQcurr->fvalue{1,2,3} contains the values  291, 522 and 91, resp.  The condition is:

(CTcurr->sectionNo ==  CQcurr->fvalue1

 && CTcurr->COid_pp->courseNo == fvalue2

 && CTcurr->COid_pp->DEid_pp->deptNo == fvalue3 

) 


[image: image1.emf]SIS ERD 

(rev. RJL 061011)
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(Default multiplicity for 

arrows is 1..1 to  0..*)


/* SISrev061011.sch in $PH/COOL-GEN/SISProj/rjl_test  - RJL061011 */
/* adapted from $CASE/02f522/SISProj/rjl_test/SIS.sch - RJL061011 */

/* (CourseTermSection was StudTermSe=ST, ENrollment=EN was ET, CS-->EN was CT-->EN)) */

/* added fields: CO.CourseNo, DE.deptNo, CS.sectionNo, AA.studentId     */

/* topologically sorted into 5 levels */

Department          DE     /* Department  Table */

{

      DEid               NodeID      c8         1 /* dEPARtment ID Primary Key  */

      deptNo            DeptNumber   i2         0 /* Uinversity-aqsssigned Number(e.g. 91)

      DEhead            DeptHeadName c30        0 /* Name of Dept Head (<last,first>)*/

      DEname             DeptName     t60        0 /* Department Name (e.g. CompuerScience */

}

Student     AA     /* Student Attribute  Table */

{

      AAid     NodeID           c8       1 /* Student ID Primary Key  */

      DEid     DeptNumber       c8       1 /* Created via linked parent */

     AAgpa     AAgpa            f4       0 /* Cumulative GPA, was f5 */

     studentId studentIdNumber  i4       0 /* assigned by University */

     AAsnm     AAstudname       c32      0 /* Student Name (<last,first>) */

}

Term        TM     /* Term or Semester Table */

{

      TMid               semesterId  c8       1  /* Semester ID Primary Key */

      TMname             TMName      c15      0  /* Sem. Name, e.g. 06f */

}

Faculty     FY     /* Faculty Table */

{

      FYid              facultyId     c8       1    /* Faculty ID Primary Key  */

      DEid              DeptId        c8       1    /*Created via linked parent*/

      FYnm              facyName     c32       0    /* Faculty Name  (<last,first>) */

}

Course      CO     /* Course Table, independent of Term */

{
      COid               NodeID      c8       1    /* Course ID Primary Key */

      DEid               DeptId      c8       1    /*Created via linked parent*/

      courseNo           courseNo    i2       0    /* cousre number (Dept.-assigned)

      COtitle            COtitle     t24       0   /* Course Title */

}

Address     AD     /* Student Addresse Table, was AA-AD */

{

   ADid               NodeID      c8       1 /* Address ID Primary Key */

   AAid               StudentID   c8       1 /*Created via linked parent*/

   ADcity              ADcity     c13      0 /* City  */

   ADstat              ADstate    c2       0 /* State */

   ADzip               ADzip      c9       0 /* Zip Code  */

   ADctry              ADcountry  c2       0 /* Country */

   ADstree             ADstreet  t60       0 /* StreetAddress (blanks OK; was c30 )*/

}

StudentTerm         RT     /* Student- Term  Table  */

{

      RTid              RegisteredTermId c8    1 /* Student-term ID Primary Key*/

      AAid              StudentId        c8    1  /*Created via linked parent   */

      TMid              TermId           c8    1  /*Created via linked parent   */

   RTattem              RTattempted      i2    0  /* credits attempted*/

   RTearne              RTearned         i2    0  /* credits earned */

     RTgpa              RTCumGPA         f4    0  /* Current GPA */

}

CourseTermSection       CT     /* Course-Term-Section Table*/

{

      CTid               CTid           c8       1   /* StudTermSe ID Primary Key*/

      TMid               TermID         c8       1   /*Created via linked parent */

      FYid               FacultyID      c8       1   /*Created via linked parent */

      COid               CourseID       c8       1    /*Created via linked parent*/

     CTmax               CTmax          i4       0    /* Maximum Enrollment  */

     CTmin               CTmin          i4       0    /* Minimum Enrollment */

     CTcur               CTcurrent      i4       0    /* Current Enrollment */

   CTstatu               CTstatus       c1       0    /* section status    */

   sectionNo             sectionNo      i2       0    /* section number (univ.-assigned) */

}

PreReqLinK          PQ     /* Prerequisite Table */

{

      PQid               PQid        c8       1   /* PreReqlink ID Primary Key*/

      COid1             CourseID     c8       1   /*Created via linked parent*/

      COid2             PQcourseID   c8       1   /* pre-requisite  course ID */

}

CourseSchedule      CS     /* CourseScheduleTerm, was STSD*/

{

    CSid                 CSid        c8     1  /*Course- Sched ID  Primary Key*/

    CTid                 CTid        c8     1  /* Created via linked parent */

    SDdays               SDdays      c3     0    /* Lecture Day like MWF */

    SDtime               SDtime      c6     0    /* Lecture Time like 430PM */

    SDbldg               SDbldg      c3     0    /* Building */

    SDroom               SDroom      c3     0    /* Room */

}

Enrollment          EN     /* Enrollment Table (was EN, was RTSP, was before CS) */

{

    ETid               ETid      c8       1  /* Enrollment ID Primary Key*/

    RTid        StudentTermId      c8       1  /*Created via linked parent */

    CSid       CourseTermSectionId c8       1  /*Created via linked parent */

    SPcred               SPcredits i4     0    /* Credits */

    SPgrad               SPgrade   c3     0    /* Grade*/

    sectionNo           sectionNo  i2     0     /* sectionNumber (univ.-assigned)*/
}
Sample data: $PH/COOL-GEN/SISrev060111.dat:

// SISrev061011.dat - copied from SIS.dat -RJL061011

// and revised to fit SISrev061011.sch - RJL061012

// Data omitted for optional tables AD and CS

// Copied from $CASE/02f522/SISProj/rjl_test to $PH/COOL-GEN

// for use in 06f522/asgnt3

 AA040002 DE040002 RUBBLE,Barney 3.50   100233055

 AA040003 DE040003 JONES,Susan   2.00   209112999

 AA040004 DE040003 JONES,David   4.00   211555012

 DE040001 92 default            MATHEMATICS

 DE040002 95 default            PHYSICS

 DE040003 91 Costello,Tom       COMPUTER SCIENCE

 TM040001 1997Fall

 TM040002 1998Spring

 TM040003 1998Fall

 FY040001 DE040001 JOHNSON,RAY

 FY040002 DE040002 TURING,SCOT

 FY040003 DE040003 MAYHEM,JOE

 FY040004 DE040004 SMITH,JOHN

 CO040001 DE040001 101 CALCULUS I

 CO040003 DE040003 102 ALGORITHMS

 CO040004 DE040003 103 COMPUTING I

 CO040011 DE040003 204 ALGORITHMs II

 RT040001 AA040001 TM040001        4        0      3.00

 RT040002 AA040003 TM040001        3        0      2.50

 RT040003 AA040001 TM040002        3        0      3.00

 RT040004 AA040004 TM040001        9        0      2.00

 CT040001 TM040001 FY040001 CO040001       30        5       15  0  291

 CT040003 TM040001 FY040003 CO040003       30        5       20  1  291

 CT040004 TM040001 FY040004 CO040004       30        5       30  1  291

 CT040005 TM040002 FY040003 CO040011       30        5       30  1  291

 EN040001 RT040001 CT040001       4.0 A

 EN040002 RT040002 CT040003       3.0 AB

 EN040003 RT040002 CT040001       3.0 I/B

 EN040004 RT040004 CT040001       3.0 C

 EN040005 RT040004 CT040003       3.0 A

 EN040006 RT040004 CT040004       3.0 I/F

 EN040007 RT040003 CT040005       3.0 B

 PQ040001 CO040003 CO040011
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bde:	HN = node,


 	HL = link





FA  = Father, MO = Mother,


CH  = Child





SY





TK





XB





XB = TextBlock, SY = Symbol,


TK = Token (M to N association of one word of text to a symbol in dictionary
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SIS ERD (rev. RJL 061011)

Legend: *

AA  Student

AD  Address

CO  Course *

CS  CourseSchedule

CT  CrsTermSection *

DE  Department

EN  Enrollment *

FY  Faculty

PQ  PreReqLink

RT  StudentTerm

TM  Term
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