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LTITLE CNXOPT - Optimal Subcluster Computation
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FACILITY: EXECUTIVE, CLUSTER MANAGEMENT

ABSTRACT:
This module contains the routines that compute an optimal fully-
connected subcluster of a given set of nodes.

ENVIRONMENT : VAX/VMS

AUTHOR: Dave Thiel, CREATION DATE: 09-Dec-1983

MODIFIED BY:

v03-005 DWT10223 David W. Thiel 27-Jun=1984
Add debugging traps. Correct calculation to do consistent
bookkeeping.

v03-004 DWT0185 David W. Thiel 2-Mar-1984
Fix blown register.

v03-003 DWTO0175 David W, Thiel i 21-Feb=-1984
Minimize quorum disk votes against value in CLUB.

v03-002 DWT0165 David W. Thiel 08-Feb-1984
Set up R3 before calling REMOVE_AMAP at 230$.

v03-001 DMT0162 David W. Thiel 01-Feb-1984
Add CNXSOPT_INIT entr o1nt. Add management of quorum
disk bit in"(SBSB_NODEMAP. C(orrect coding errors present
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olelelelelelelelololeleleleleleleleleloleisolelaelelelelelolelolololeleolololeolelelololololeldlelalelelelelelelelele
eleleclelolelelelclelalalelslalaleleleloleldlalalslealalclelolalslslalslalalelslalalalalalelelelsleleoleleldlelelsls)]
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0000 58 .
0000 59 ;--
0000 60
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0000 65 .SBYTL DECLARATIONS

0000 65 .

0000 64 ; INCLUDE FILES:

0000 65 .

0000 €6 $CLUBDEF ; CLUster Block offsets

0000 67 $SCLUOPTDEF ; CLUster OPTimization block offsets

0000 68 $CSBDEF ;: (SB (ffsets

0000 69 SOYNDEF . Data structure type codes

0000 70 $FKBDEF ; Fork block offsets

0000 71

0000 7%

0000 e A A X Y R R R R R R R R s s iy

0000 74

8888 ;2 : NOTE: The following assumptions are in effect for this entire module.

0000 77 :ttttt'ttttttttt"'tt't't'ttttttttttttttt!ttt'tt't'tittttt'tttt'ttttttttt

0000 78

0000 79 .

8888 g? . Assume that all bitmaps are of the same size

0000 82 ° ASSUME  CLUOPTSS_CMAP,EQ,CLUOPTSS_AMAP

0000 83 ASSUME CLUOPTSS_CMAP,EQ,CLUOPTSS RMAP

0000 86 ASSUME CLUOPTSS_CMAP,EQ,CSBSS _NODEMAP

8888 gg ASSUME CLUOPTSS_CMAP,EQ,CLUBSS _NODEMAP

8888 gg DEFAULT DISPLACEMENT ,WORD

00000000 89 PSECT $$%100,LONG ; PSECT for code
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OBTTL  CNXSOPT_INIT = Compute Optimal [nitial Subcluster

—n
—C

<+
+

FUNCTIONAL DESCRIPTION:

This routine is is called to compute the optimal comgletely
interconnected subcluster of the nodes marked with the select bit.
No previous suggested subcluster is assumed.

CALLING SEQUENCE:

JSB CNXSOPT_INIT
IPL is IPLS_SCSEIPLS_SYNCH

INPUT PARAMETERS:

For all CSB's with the SELECTED bit bit:
CSBSB_NODEMAP is a (potentially optimistic) estimate of the
connectivity of the node.
In both NODEMAP’s, bit 0 is used to indicate the state of the
""connection’’ to the quorum disk. This bit should be set only
if the quorum disk is the same as on the executing node and
the disk/quorum file is accessible to the subject node.

OUTPUT PARAMETERS:
CLUBSL _FMERIT is the figure of merit of the computed cluster.
CLUBSB_NODEMAP describes the members of the computed cluster.
Bit 0 indicates quorum disk participation.
COMPLETION CODES:

RO contains status. . )
If RO indicates success, R1 will always contain TRUE

SIDE EFFECTS:
NONE

CNXSOPT_INIT::

USHR  #*M<R2,RI,R4 RS : Save regqisters

MOVL  GACLUSGL ELUB, R4 : Fetch address of (LUB _

CLRL CLUBSL _FAERIT(R4) ; Clear previous figure of merit

movcS  #0,(SPY,.#0, - ; lero previous description
#CLUBSS NODEMAP, -
CLUBSB_RODEMAP (R4)

POPR #*M<R2,R3,R4 ,R5> : Restore registers

; BRB cnxsopt ; Fall into CNXSOPT

S~ B~ £ L AN N N AN AN AN AN NI PO PONO NV POPVRIN) b b b b ed e b b et =2 O O O O O O OO O OOV OOV OOO0O0
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.SBTTL CNXSOPT - Compute Optimal Subcluster

Ore
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FUNCTIONAL DESCRIPTION:

This routine is is called to compute the oetimal completely
interconnected subcluster of the nodes marked with the select bit.

CALLING SEQUENCE:

JSB CNXSOPT
IPL s IPLS_SCS=IPLS_SYNCH

INPUT PARAMETERS:

CLUBSB_NODEMAP is an initial cluster to try to better.
CLUBSL_FMERIT is the figure of merit of the initial cluster.
For all CSB's with the SELECTED bit bit:
CSBSB_NODEMAP is a (potentially optimistic) estimate of the
connectivity of the node.
In both NODEMAP®s, bit 0 is used to indicate the state of the
connection'’ to the quorum disk. This bit should be set only
if the quorum disk is the same as on the executing node and
the disk/quorum file is accessible to the subject node.

OUTPUT PARAMETERS:

CLUBSL_FMERIT is the figure of merit of the computed cluster.
CLUBSB_NODEMAP describes the members of the computed cluster.
Bit 0 indicates quorum disk participation.

CCMPLETION CODES:

RO contains status.

It RO indicates success, R1 indicates whether an improved cluster
(improved over the initial cluster described in CLUBSL_FMERIT
and CLUBSB_NODEMAP) was found.

"SNIN NN NNNNNNNNNNSNSN NN N NN NN N TNTN NN SN SN TSN SN SN N SN SN NSNS

SIDE EFFECTS:
NONE
DESCRIPTION:

This procedure investigates all possible fully connected subclusters
that include the local node and chooses the one with the largest figure
of merit. The figure of merit is defined as:

(sum of the votes of the nodes * 256) + number of nodes
The votes of the quorum disk are counted, but the quorum disk as a
node is not counted.

The search is done recursively, using » lLinked list of CLUOPT structures
as the stack for the recursion. The CLUOPT structure contains the
tfollowing interesting fields:

CLUOPTSL _PREV: Link to previous block

CLUOPTSL_CMERIY: Sum of the votes of the VAX nodes in CMAP

— i i il D ) el i el ) i D i il e el el - -l e el il D A D el =l = =D ) il i - e Dl = = = b el = =l ) ) = = D — — = D il "l il el sl missld
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CLUOPTSL _ACMERIT: Sum of the votes of the VAX nodes in (MAP and AMAP

CLUOPTSB_CMAP: Bit map of nodes already included in the cluster being
computed. All of the nodes in CMAP are fully
interconnected.

CLUOPTSB_AMAP: Bit map of nodes available for inclusion in the cluster
being computed.

CLUOPTSB_RMAP: Bit map of nodes excluded from consideration in the
cluster by virtue of at Least one node in CMAP not
having a8 connection to the node.

ELU?SB-QODEHAP and CLUBSL_FMERIT are updated every time a better cluster
s found.

A direct implemention of the search required takes (N-1)! (factorial) steps.

The execution time is kept within reason for the expected cases by the

tollowing heuristic techniques:

1. Whenever the upper bound on what may be attainable is worse than what
has already been achieved, the recursion is abandoned.

2. Whenever multiple nodes are equivalent, they are dealt with
simultaneously, reducing the breadth and depth of the search.
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gg MOVZML gf<CSBSS_NODEHAP-8>-4>¢12. - : One longword per possible system
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CNXSOPT::
07¢C 8F BB PUSHR  #*“M<R2,R3,R4,R5,R6,R7,R8,R9,R10> ; Save some registers
7€ D& CLRL -(SP) : F[a? indicating no improved cluster found
59 7C CLRQ R9 : R9 1s top of frame stack
: R10 is address of mapping vector
51 040C 8F 3C
: Y[us standard header
FFD9' 30 B85BW CNXSALLOZMEM : Allocate and zero memory
15 SO E9 BLBC RO,10$% ;: Branch on error
5A 52 00O MOVL R2,R10 ; Address of mapping vector
0O FF BF 9A MOVIBL #<(SB$S_NODEMAP+8>-1,R0 ; number of phoney cells
0C AAGO 01 DG 5%: MOVL #1,12(RT0)LRO] ;: catch use of uninitialized cell
F8 SO FS SOBGTR RO,S$
0B AA 02 90 Movs #OYNSC CLU_CLUVEC, - ; Block subtype
FxB$B_TYPEF1(R10) ; Use block type of cluster vector
: This call enters the main body of the routire.
: It exists anly so that severa{ points in the routine can get
: to the common exit with an RSB instruction.
33 10 BSB8 1008 ; Call main section
SO 0D 10%: PUSHL RO ; Save return s*atus
SO 59 00 20%: MOVL R9, RO : Stack frame address
08 13 BEQL 30§ ; Branch if no frame
59 69 0O MOVL CLUOPTSL PREV(R9) ,R9 : Pop the stack
00000000 GF 16 JSB G“EXESDE KNONPAGED : Deallocate the frame
FO N BRB 20$% : Iterate to flush more frames
50 SA 00 30%: MOVL R'0.RO : Vector address
06 13 BEQL 40% : Branch if no
00000000 GF 16 408 JSB G*EXESDEANONPAGED ; Deallocate vector
FFA1' 30 BSBW CNXSSCAN_(CSBS : Iterate over all (SBs
06 50 E9 BLBC RO,50% ; Branch when done
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008C €3 01 8A 006 S BICB #1,CSB$B_NODEMAP(R3) ; Clear quorum disk bit
08 82; gg 3 -
Q0EC C4 01 8A 068 61 50%: BICB #1,CLUBSB_NODEMAP(R4) . slear uorum disk bit in CLUB
07FF 8F BA 0060 6§ POPR #*M<RO,R1,R2,R3,R4& ,R5,R6,R7,RB,RY,R10> ; Restore registers, fetch s
05 88;1 gk 60$: RSB ; Best cluster is in CLUBSB_NODEMAP
007 65 ; Main entrance to the optimal cluster allocation.
007 66 ; The first thing to do is to allocate the CLUOPT block that describes the basis
007 67 . of the recursion. Then, the selected nodes as placed into AMAP and into the
007 68 ; vector (R10) that maps bit numbers into CSB addresses. The Local node is the
807 599 ; only initial member of CMAP. This initializes the recursion to start from a
07 0 ; point where the Local node must be a member of any computed cluster and all other
88;% 2;1 : selected nodes are potential cluster members.
51 74 8F 9A 0072 %7§ f00s: mOvZIBL #CLUOPTSK LENGTH,R1 : Length
FF87' 30 0076 274 BSBW CNXSALLOZREM : Allocate and zero memory
FS SO €9 0079 275 BLBC RO, 60% ; Branch on error
59 52 00 007Cc 276 MOVL R2,R9 ; Update stack frame
0B A9 06 90 O007fF 277 MOVB #DYNSC _CLU_CLUOPT, - : Block sub-type
0083 278 CLUOPT‘B_SUBTYPE(R9)
FF7A' 30 0083 279 BSBW CNXSSCAN_CSBS ; iterate over all (SBs
45 SO0 E9 0086 280 BLBC RO,140% ; Branch when done
38 60 A3 11 E1 0089 281 BBC #CSBSV SELECTED, - ; Branch it not selected
00BE 282 CSBSL_STATUS(R3J,130$
008C C3 01 8A 008% 283 B81(B #1,CS68B_NODEMAP(R3) : Clear quorum disk bit
OA 60 A3 03 E1 009 284 88C #CSBSV_QF SAME, - : Branch if quorum disk not
0098 285 CSBSL STATUS(RS).1108 :  same as local node
05 60 A3 09 E1 0098 286 B8(C #CSBSV _QF ACTIVE, - : Branch if quorum disk not
0090 287 CSBSL _STATUS(R3),1108 .  accessible
008C ¢3 01 88 009 288 BISB #1,CSB$B_NODEMAP(R3) ; Mark connection to quorum disk
51 4C A3 3C 00A2 289 1108: MOvZuwL (SBSW CSID IDX(R3),R1 ; CSID index
0C_AA41 53 DO 00A6 290 MOVL R3,12TR10)R1] : Store (SB address in vector
1A 34 A 51 E2 00AB 291 BBSS R1,CLUOPTSB_AMAP(R9),135% ; Set bit in available map
50 SO A3 3¢ 00B0 292 120%8: mMOVZWL (SBSW_VOTESTR3),RO : Votes held by node
50 50 08 78 00B4 293 ASHL #8.R0, ; Scale votes
50 06 00B8 294 INCL RO : Count the node
10 A9 50 (0 Q0BA 295 ADDL?2 RO,CLUOPTSL ACMERIT(RY) ; Update ACMERIT
06 60 £3 18 E1 (008 296 BBC #CSBSV_LOCAL, - ; Branch if not lLocal CSB
00C 297 CSBSL_STATUS(R3),130$
52 59 DO 00C3 298 MOVL R9,R2 : Stack frame for ADD _CMAP
0100 31 00Cé %99 BRW ADD _CMAP : Add the node to CMAP and return
05 00¢9 00 1308: RSB
00CA %01
88%2 38% 1358:  BUG_CHECK CNXMGRERR,FATAL ; funny data
F7 34 A9 00 E2 886% ggg 1408: BBSS #0,CLUOPTSB_AMAP(R9) ,135% ; Mark the quorum disk available
00D3 go; : This is the entry point into the recursion, .
0003 07 . R9 is the address of tho CLUOPT block for the current level of recursion.
00Dy 308 . CMAP(R9) is the map of nodes definitely in the cluster bcln? computed.
00Dy 309 ; AMAP(R9) is the map of nodes that are still candidates for inclusion
00D3 §10 : in the cluster be1n? computed.
00D3 11 . PREV(R9) is the address of the previous CLUOPT block in the recursion.
00D3 31% ; CMERIT(RY) is the tigure of merit of the VAX nodes in (MAP,
0003 313 ; ACMERIT(RY) is the figure of merit of all of the VAX nodes in AMAP and
0003 314 ; CMAP. It is thus an upper bound on the figure of merit




K 12

CNXOPT - Optimal Subcluster Computation 164-SEP-1984 00:25:48 VAX/VMS Macro v04-00 Page 8
v04-000 CNXSOPT - Compute Optimal Subcluster g-SEP- 984 84:87:24 XSYSLO!.SRCJCNXOPT.HAR;1 9 (&)
00D 15 ; of any possible cluster, exclusive of the contribution
00D 16 ; of a possible quorum disk.
00D 17 . R10 is the address of the (5B vector
Q0D 18 ;
000 19 2008
000 0.
888 1 ; Remove from AMAP every node not connected to all nodes in (MAP
34 A9 9F Q0D 2% PUSHAB CLUOPTSB_AMAP(R9) ; Address of map to scan
0170 30 00D& %4 BSBW SCAN_MAP : Initializer map scanner
26 50 E9 0009 5 BLBC RO,250$ : Branch when done
S3 0C Aa4Y DO 00DC 56 MOVL 12(R10)[R1],R3 : (SB address
16°54 A9 51 EQO OOE1 7 BBS R1,CLUOPTSB_RMAP(R9),2308 ; Some node in CMAP is not connected to no
53 DS OQO0E6 128 TSTL R3 ; Nonexistent (SB? (quorum disk)
11 13 QO0E8 3%9 BEQL 220% . Ignore quorum disk
00EA 330 ASSUME CLUOPTSS_CMAPL3,E0Q,0 ;: Assume bitmap is an integral number of lon
Q0EA 331 ASSUME CLUOPTS$S ™ CMAP,GE 4 : Assume at least one iteration
50 07 DO VOEA 33§ MOVL_ #<CLUOPTSS CMAP/4>-1,R0
52 14 A940 008C €340 B OQOED 333 2108: BICL3 (SBSB_NODEMAP(R3)(ROJ, - ; Look for missing connection to any node 1
00F 6 3134 C%UOPTSB_CHAP(R‘”(ROJ.R?: CMAP
04 12 OQ0F6 335 BNEQ 230% ; Branch if connection is missing
F2 50 F&4& QO0F8 336 SOBGEQ RO,210% ; Iterate over entire connection map
05 88;? g%g 2208: RSB ; Return to scanner
5¢ 59 DO OOFC 339 230%: MOVL R9,R2 : Stack frame for removal
0107 A 8965 §2? BRW REMOVE _AMAP . Remove from AMAP and return to scanner
0102 34% 240$:
0102 343 ; .
0102 344 ; Loop at a given recursion depth.
0102 345 ; R9 is CLUOPT block for this depth,
0102 346 ; R10 is vector of (SB's.
0102 347 .
0102 348 $00s:
0102 349 ;
0102 350 ; Determine whether the recursion can be discontiinued because the best possible resu
0102 351 ; is not better than the best result already attained.
0102 35% . Compute an ugger bound the the figure of merit by sumnin? the votes of all nodes
0102 353 ; in AMAP and CMAP with the minimum of the votes proposed tor the quorum disk by
8}8% ggg ; the nodes in CMAP.
54 00000000 GF DO 0102 356 MOVL G*CLUSGL _CLUB, R4 ; Address of CLUB
57 10 A9 DO 0109 357 MOVL CLUOPTSL _ACMERIT(R9) ,R7 ; Contribution of VAX nodes
06 54 A9 §8 010D gSB 8LBS CLUOPTSB_RHAP(R9).316$ ; Branch if quorum disk is exc¢luded
01 0 oM 59 BSBW QDMERIT : Calculate quorum disk contribution
57 50 O 0114 §bo ADDL2  RO,R? : Include contribution of quorum disk
00A8 c4 57 D01V 0117 61 310%: CMPL R7,CLUBSL _FMERIT(R4) : Compare best attainable to best already
35 18 8}}% %gi BLEQU 3408 . Branch if no improvement possible
011E gbk : Pick a node from AMAP ) _
8}}% 322 . If none are available, this recursion level is done
011€ 67 ASSUME CLUOPTSS_AMAPR3,EQ,0 ]
011E 68 ASSUME  CLUOPTSS AMAF,GE, 4 ; Assume at least one iteration
51 08 DO OQ11E 69 MOVL #CLUOPTSS_AMAB/4 .R1 : Number of iterations
50 D04 0121 70 CLRL RO . Starting bit position
50 34 A9 20 50 EA 0123 71 320%: FFS RO,#32,CLUOPTSB_AMAP(R9) ,RQ
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gC 1 § BNEQ 400 ; Branch if bit v.und
FS S1 °F . ;0BGTR R1,3208% . Iterate over all longwords
: No nodes in List of remaining nodes.
: We are at the bottom of the recursion.
: Check for best cluster yet and store new best cluster.
57 0C A9 DO MOVL CLUOPTSL _CMERIT(R9) ,R7 ; VAX contribution to figure of merit
06 12 A9 £9 BLBC  CLUOPTSBZCMAP(R9),3%08 : Branch it quorum disk not included
00EC 0 BSBW QDMERIT ; Calculate disk contribution
57 50 Co ADDL2 RO,R7
00AB C& S7 MO 330%:  (MPL R7 ,CLUBSL_FMERIT(R4) ; Compare this cluster to best seen so far
10 1B BLEQU 3408 : Branch if new one is no better, return
00A8 €4 57 0O MOVL R7,CLUBSL _FMER]IT(R&) ; Save figure of merit
00EC C& 14 A9 20 28 MOV(3 #CLUBSS NODEMAP, -

CLUOPTSB CMAP(RY), -
CLUBSB_NODEMAP (R4 S
MOVL  S<#SSS”NORMAL,4(SP)

04 Mark an improved cluster found

AE 00' 00 .
50 59 00 3408 : MOVL R9,R0O ; Address of CLUOPT block
59 69 00 MOVL CLUOPTSL PREV(R9),R9 ; POP CLUOPT block stack
00000000 GF 16 JSB G*EXESDEANONPAGED ; Deal.ocate this CLUOPT block
59 DS TSTL R9 ; End of stack?
9F 12 BNEQ 300% : Branch if no to continue
E The recursion is complete. This is the main exit.
50 00 DO MOVL S“#S5S$_NORMAL ,RO : Successful return
0§ 3508 : RS8

: A node (index in RO) has been chosen as the basis for constructing a new frame

B B B B B i U U U U AN AN AN LN U AN N N AN T N N AN N NN T
QOOOO VY VYOV OV VOO0 000000 0COADAD 00 N N N NN~~~
A S~ NN — O O 00 O WA 8~ LN =2 O O 00 N O WA S N — O 0 00 ~ON N1
-

Regsister/Data available:

0(SP)  (SB for chosen addition
R8: CLUOPT for previous frame

— el el el el e ) il el el il ) il s il il il i =) ) ) ) i D il D i ) D e il el el D D B D el e el e et radl D e D D D e el e D el el D —43

elelelaelelelnlelelelalalelolelelelalajelelac]ololelalelalalelolalalolelsdlolelalelalelolelolalalelalelelelelelele B L
000000 CRAO 000000 NN N NN OO OO OO OO OO O OO OO OO O \NNAAWN S BN B 2 85 55 W iPONOPONONONONOND
T T T TAO0000 = O OO OITEOIYOIOIOYOIYOI O NNN NN NOMANNINN =2 O ONA N T DN~ OO M MmMmMMmmmMmOD O

3 and.takin? the recursion down a level.
; Begin building a new frame.
53  0C AAGO DO 286 400s: movL  12(R10)CRO],R3 : CSB of basis node
28; : Regsister/Data available:
409 E 0(SP) (SB for chosen basis node
610 ; RS: CLUOPT for previous frame
611 ; R9: CLUCPT for new current frame
2}% : R10: Vector of nodes
51 74 8F 9A 414 MOVZBL #CLUOPTSK LENGTH,R1 ; Length
00000000°GF 16 415 JSB G‘EKEQALONONPAGED ; Allocate memory
ED 50 E9 416 BLBC RO,350% : Branch on error
S8 59 DO 417 MOVL R9.R8 : New previous frame
59 $§2 00 418 MOVL R2,R9 ;: New current frame
OA 88 419 PUSHR  #*M<R1 R3> ; Save (SB address and frame length
69 N 00 68 08 A8 2C 22? Mov(S ghug:ngq§lZE(R8).(R8). - : Copy old hlock into the new
08 A9 B8E F7 4e¢ CVILM  (SP)+,CLUOPTSW SIZE(R9) ; Restore size word
69 58 00 2 . MOVL R8,CLUOPTSL _PREV(R9) : Link to previous frame
2 S
053
428
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F R9: CLUOPT for new current frame
R10: Vector of nodes

)

—
CO0D0D00
-

Find equivalent nodes in set of remaining nodes (AMAP).

Nodes are equivalent if they see the same connectivity with respect to
cluster and available nodes that are seen by the chosen node.

Note that the chosen basis node is added by virtue of it being equivalent
to itself. The gquorum disk is treated zs a special case because no (SB
exists for the disk prope-

54 8E POPL Ré : Is the chosen node the quorum disk?
39 BEQL 4508 : Branch if yes
34 A8 PUSHAB CLUOPTSB_AMAP (R8) ; Scan available nodes in previous frame
QOAF BSBW SCAN_MAP ; Initialize scanner
36 50 BLBC RO,4508 : Branch when done
53  0C AA4) MOVL 12(R10)[R1],R3 : CSB of node under consideration
BEQL 440% : Branch if gquorum disk and ignore it
ASSUME (SBSS_NODEMAPL3 EQ,0 : Assume an integral number of longwords
ASSUME CSBSS NODEMAP, GE : Assume at least one iteration
5¢ 07 MOVL #<CSBSS NODEMAP/&>-1,R2 : Iterate over all bytes of map
008C C342 008C (442 4208: XORL3  CSBSB_NODEMAP (1.4) r2Y, - Compute differences between chosen
CSBSB_NODEMAP(R3)[R2]1,R5 : and candidate nodes

Check if any of the differences reflect nodes in either the new CMAP or new AMAP.
Note that new CMAP .OR. new AMAP is a constant during the execution of this phase
since the only changes allowed move bits from one to the other.

leolelelelalaolalealealeleclealaeolelealalelalealeleolelalelelelaleleleleleleleleololelelelolelelelelelelelele)
) el el ol e el il ) el il el ) el el el el ) ) ) — ) ) =l v il ) il A el ol ) e il D il D ol el ) el ) — i —D D D ol —d =l —d
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14 A962 55 D3 BITL RS CLUOPTSB_CMAP(R9)[R2] ; Check for differences with CMAP nodes con
14 1% BNEQ 4408 ; Branch on discrepancy and reject this addi
36 A%62 55 O BITL R5 CLUOPTSB_AMAP(R9)CR2) . Check for differences with AMAP nodes’' co
00 12 BNEQ 4408 ; Branch on discrepancy and reject this addi
ES 52 F& SOBGEQ RZ2,420$8
: At this point, the node whose index is in R1 has the same connectivity, with respe
: to nodes in CMAP and AMAP, as the basis node and is therefore equivalent to the ba
; node in ever{ respect. The basis node plus all equivalent nodes are moved from AM
: to CMAP simultaneously. This is a major optimization of the direct implementation
: of this search (which takes *! (N factial) steps) because the commonly anticipated
; cases have large numbers of equivalent nodes.
; Note that a BSB call 1s made to this point to handle the quorum disk!
52 59 DO 4308: movL  R9,R2 ., Stack frame for ADD CMAF
gr 10 8388 ADD SHAP : Add node to new CMAP
52 8 00 MOVL R8,R ; Use previous CLUOPT address
3p 10 BSBB REMOVE _AMAP : Remove from old AMAP and return
05 440%: RSB

51 D& 4508: CLRL R1 : Disk is node 0

53 D& CLRL R3 : No (SB

EF 10 BSBB 4308 : Use same code as for no~mal case

FEFD 31 460%: BRW 200% : The new recursion is set up =~ do it!
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106 & § .SBTTL ADD_CMAP - Add a noCe to CMAP
106 &
106 484 ;¢
106 485 ;
8}82 2 ? s FUNCTIONAL DESCRIPTION:
0106 488 ; This routine adds a node to CMAP, adgusts the figure of merit for the
0106 489 ; subcluster attained in CMAP and the best potential subcluster, and
0106 490 ; updates RMAP to reflect any additional nodes whose membership is
0106 491 . incompatibile with the subject node.
O}gg 235 ; It the subject node is a member of AMAP, it is removed.
8106 494 ; CALLING SEQUENCE:
0106 495 ;
0106 496 ; BSBB/BSBW/JSB  ADD_CMAP
0106 497 ;
01D6 498 ; INPUT PARAMETERS:
0106 499 ;
0106 500 ; RY: Index of the node to add to (MAP
0106 501 ; R%: Address of CLUOPT block containing the CMAP and AMAP
8}82 ggi : R3: Address of the (SB of the node to add
0106 504 : OUTPUT PARAMETERS:
0106 505 ;
0106 506 ; NONE
0106 507 ;
01D6 508 ; COMPLETION CODES:
0106 509 ;
0106 510 ; NONE
0106 511 ;
0106 51% s SIDE EFFECTS:
0106 513 ;
0106 514 ; The contents of RO are destroyed.
NMps 515
916 ;-
0..0 517
0106 518 ADD_CMAP:
2A 14 A2 51 E2 0106 519 8BSS R1,CLUOPTSB_CMAP(R2),308 ; Add to new CMAP, branch it present
51 D03 0108 520 TSTL R1 : Is the subject the quorum disk
23 13 01pp S BEQL 208 : Branch it quorum disk
50 50 A3 3C O01DF 522 MOVZIWL C(SBSW_VOTES(R3) RO ; Votes held by node
50 S0 08 78 013 523 ASHL #8,RO,RO ; Count each vote as 256 points
50 D6 OQ1E7 524 INCL RO : Include the node
0C A2 50 CO O01ES 525 ADDL RO,CLUOPTSL _CMERIT(R2) ; Add to CMER]:
10 A2 50 c0 O01€ED 526 ADDL RO,CLUOPTSL ACMERIT(RZ) ; Add to ACMERIT
0tF1 527 ASSUME CSéSS_NODEHlP&S £Q.0 : Assume map is an integral number of Longwo
01F1 528 ASSUME  (SBSS NODEMAP,GE , 4 ; Assume at least one iteration
50 07 D00 O01F1 529 MOVL  #<CSBSS_NODEMAP/{>-1.R0O : Update rejection map ,
TE_ 008C (340 D2 01F4 530 108: Mconm CSBSB_NODEMAP (R3) [ROJ, - (§P) ; Nodes not connected to subject node
56 A240 BE (8 O0I1FA 531 BISL (SP)+ CLUOPTSB_RHAP(RQ)[RO] : Mark unconnected nodes as rejected
F2 SO F& OQ1FF SS% SOBGEQ RO, 10§ ; lterate over all longwords of map
05 10 0202 533 20s: 8SBB REMOVE _AMAP ; Remove the node from AMAP
05 858? g%g RSB ; Fall into REMOVE_AMAP
0205 536 30s: BUG_CHECK CNXMGRERR,FATAL ; Invalid state
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.SBTTL REMOVE_AMAP - Remove a node from AMAP

)

*
+

FUNCTIONAL DESCRIPTION:
This routine removes a node from AMAP and ad{usts the figure of
merit for the best potential subcluste to reflect the absence of
this node.

CALLING SEQUENCE:
BSBB/BSBW/JSB  REMOVE_AMAP

INPUT PARAMETERS:
R1: Index of the node to add to CMAP
R%: Address of CLUOPT block containing the CMAF and AMAP
RY: Address of the (SB of the node to add

QUTPUT PARAMLTERS:
NONE

COMPLETION CODES:
NONE

SIDE EFFECTS:

The contents of RO are destroyed.

IO P I R WA IO R S WA I IS WO T Y I TP PO P TS I IS IS WA PR WS I IR ISR PSR I Y

REMOVE _AMAP:

13 36 A2 51 ES BBC(C R1,CLUOPTSB_AMAP(R2),208 : Remove from AMAP, branch if not present
5t 0S5 TSTL R1 : Is the subject the quorum disk?
OE 13 BEQL 108 : Branch if yes
50 50 A3 3C MOVZWL (SBSW_VOTES(R3),RO : Votes held by node .
S0 50 08 78 ASHL #8,RO,RO ; Count each vote at 256 points
50 06 INCL RO ; Include the node
10 A2 50 8% 108 3ggL2 RO,CLUOPTSL_ACMERIT(R2) ; Remove from ACMERIT

[oleoleleleleleleleloeleleleleleleleloleoleleleoleoleleololeleololelelele/eole ololelelaleleoleolole)
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208: BUG_CHECK CNXMGRERR,FATAL ; Invalid state




CNXOPT
v04-000

]
o
re

16=-SEP-1984 80: 5:48 VYAX/YMS Macro V04-00
-SEP-1984 06:07:24 SYSLOA.SRCICNXOPT . MAR; 1

.SBTTL QDMERIT - Quorum disk contribution to figure of merit
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FUNCTIONAL DESCRIPTION:

This routine computes the contribution of the quorum disk to the figure
of merit. It assumes that the quorum disk does contribute. The
contribution is calculated as the minimum of the votes proposed for the
guorum disk by each of the nodes in CMAP., This minimum is scaled in
the same way as the votes contributed by a VAX node. However, the
uorum disk does not ?et another po‘nt to represent the node §tsegf. .
hus a VAX node with 1 vote is more desirable than a 1 vote contribution
from the quorum disk.

CALLING SEQUENCE:

BSBB/BSBW/JSB  QDMER]T
INPUT PARAMETERS:
R&4: Address of CLUB
R9: Address of CLUOPT block describing the tentative cluster
R10: Address of vector mapping bitmap indices to (SB addresses

OUTPUY PARAMETERS:

RO contains the quorum disk's contribution to the figure of merit
COMPLETION CODES:

NONE
SIDE EFFECTS:

The contents of R1 and R2 are destroyed.
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QDMERIT:
5¢ 00AE C4  3C MOVZWL CLUBSW QDVOTES(R4),R2 ; Accumulate minimum quorum disk votes in (M
14 A9  9F PUSHAB CLUOPTSB_CMAP(R9) ; Push address of map to process
1A 10 BSEB SCAN_MAP : Get call-back for each bit
12 50 E9 BLBC Rg 20s : Branch if done
50 0C AA&1 DO movL  12{R10)CR1],R0 : (SB address _
OA 13 BEQL 108 ; Branch if no (SB (quorum disk case)
5¢ 56 A0 B1 CMPW (SBSW_QDVOTES(RO) ,R2 ; Votes proposed for quorum disk
064 1E 8G6eaQu 10$ . Branch if old was lower
5¢ 56 A0 3(C MOVIWL CSBSW_QDVOTES(RO),R2 ; Update minimum
05 108: RSB ; Continue scanning bits
50 52 08 78 20$: ASHL #8,R2,R0 ; Scale votes
05 RSB ; Return, votes in RO
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SBTTL SCAN_MAP - Scan bits in a specified bitmap

+
>

FUNCTIONMAL DESCRIPTION:
This routine is called to scan all of the bits in one of the bitmaps
(CMAP, AMAP, RMAP) used in the optimization computation. For every
bit in the map that is set, a co-routine call-back is made.

CALLING SEQUENCE:
BSBB/BSBW/JSB  SCAN_MAP

INPUT PARAMETERS:

4(SP): Address of bitmap to scan
o(sP): Return/co=routine address

OUTPUT PARAMETERS/COMPLETION CODES:
On a co-routine callback:

RO has the low bit set
R1 contains the index of the bit to process

The co-routine must return with R1 intact.

oso-ooooorororOO-OCOFO~OrOrOrOOrOrOFOFOOOROOORFORFONOM
OO OO OO\ AWV S S D DU
AN NN =2 O O 00 N O WA S i) = OO 00 O \WN P~ L) — OO D

After the Last bit has been processed
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667
ggg RO has the low bit clear
€70  SIDE EFFECTS:
{
672 At the final return, R1 has been destroyed.
g;z Any registers modified by the co-routines are changed.
675 .-~
676
677 SCAN_MAP: L
51 D4 678 CLRL R1 : Initialize bit number )
679 ASSUME CLUOPTSS_CMAP,GE,4 . Assume at Least one longword of bitmap
50 20 0O 680 108: MOVL #32,R0 : Do as many bits as VAX can
51 04 BE 50 51 EA 681 20%: FFS R1,RO,84(SP) R ; Look for a bit in the map
08 13 6a§ BeaL  30$ : No bits found
50 00' DO 68 MOVL SA#SSS_NORMAL RO . Set success status
00 BE 16 684 JSB 8(SP) . Do co-routine callback
51 Dg 685 INCL R1 : Bump over selected bit
S0 000000e0 8 51 ( 686 308: SUBLY RY, - : Is there at (east a longword left?
687 #<CLUOPTSS_CMAP*8>-32,R0
E3 18 688 BGEQ 10% : Branch if yes ) L
50 20 (O 689 ADDLZ  #32,R0 : Compute number of bits remaining
Bl 14 690 BGTR 20% ; Branch if some bits left
6t B8t DO 691 MOVL (SP)+,(SP) : Remove map address
50 D& 69§ CLRL RO . Set return status
05 69 RSB : Return, scanning complete

o
O
~
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Symbol table

ADD CMAP

BUGS CNXMGRERR
CLUSGL_CLus
CLUBSB_NODEMAP
CLUBSL _FMERIT
CLUBSS _NODEMAP
CLUBSW QDVOTES
CLUOPTSB_AMAP
CLUOPTSB_CMAP
CLUOPTSB RMAP
CLUOPTSB SUBTYPE
CLUOPTSK_LENGTH
CLUOPTSL_ACMER]T
CLUOPTSL _CMERIT
CLUOPTSL _PREV
CLUOPTSS_AMAP
CLUOPTSS_ CMAP
CLUOPTSS_RMAP
CLUOPTSW™SIZE
CNXSALLOZMEM
CNXSOPT

CNXSOPT INIT
CNXSSCAR _(SBS
CSB$B_NOBEMAP
CSBSL_STATUS
CSBSS_NODEMAP
CSBSV_LOCAL
CSBSV_QF _ACTIVE
(SBSV_QFf “SAME
CSBSV_SECECTED
CSBSW_CSID_IDX
CSBSW_QDVOTES
CSBSW_VOTES
DYNSCCLU_CLUOPT
DYNSC CLUTCLUVEC
EXESACONORPAGED
EXESDEANONPAGED
FXBSB_TYPE
QDMERTTY

REMOVE _AMAP
SCAN MAp
SS$_NORMAL

PSECT name
ABS .

$ABSS

$$$100
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00000225
00000209
00000249
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NOPIC
NOPIC
NOPIC

USR
USR
USR

CON
CON
CON

4 00:25:46
4 064:07:2
ABS  LCL
ABS LCL
REL LCL

t

NOSHR NO
NOSHR
NOSHR

AX/VMS Ma
SYSLOA.S

EXE
EXE
EXE
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NORD NOWRY NOVEC BYTE
RD WRT NOVEC BYTE
RD WRT NOVEC LONG
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L Y Y L ey N L L L] ¢
i Performance indicators l
Phase Page faults CPU Time Elapsed Time
Initialization 36 00:00:00.0? 00:00:01.85
Command processing 126 00:00:0%.4 00:00:02.88
Pass 1 218 00:00:0 .62 00:00:16.20
Symbol table sort 0 00:00:00.4 00:00:00.66
Pass ¢ 136 00:80: 1.19 00:80:04.67
Symbo!. table output 6 00:00:00.05 00:00:00.15
Psect synopsis output 2 00:00:00.01 00:00:00.01
(ross-reference output 0 00:00:00.00 00:00:00.00
Assembler run totals 526 00:00:05.83 00:00:26.42

The working set Limit was 1500 pages. ]

31048 bytes (61 pages) of virtual memory were used to buffer the intermediate code.

There were 30 pages of symbol tabie space alloccated to hold 429 non-local and 40 local symbols.
695 source Lines were read in Pass 1, producing 14 object records in Pass 2

14 pages of virtual memory were used to define 13 macros.

tecncccnccccccsc—ccsccccnas +
! Macro Library statistics !
teccccccccaccsscscacanacnns +
Macro Library name Macros defined
_SZSS&DUAZB:ESYSLOA.OBJJCLUSTER.HLB:1 0
_$2558DUA2B:(SYS.08J]LIB.MLB; Y 6
$2558DUA2B: [SYSLIBISTARLET.MLB: 2 4
TYOTALS (all libraries) 10

502 GETS were required to define 10 macros.
There were no errors, warnings or information messages.
MACRO/LIS=LIS$:CNXOPT/0BJ=0BJS : (NXOPT MSRCS:CNXOPT/UPDATE=(ENHS:CNXOPT)+EXECMLS/LIB+LIBS:CLUSTER/LIB
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