vurnunnunuwm

vrrunnununw,m

Yyy
YYyYy
Yyy
Yyy
YYy
Yyy

Yyy
Yvyy
Yyy
YYy
YYY
Yvy
Yvy
Yyy
YYyy
YYyy
YYyy
Yyy

YYY
YYyy
Yyy
YYy
YYy
Yyy

LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL
LLLLLLLLLLLLLLL

000000000
000000000
000000000

00 000

00 000
000000000
000000000
000000000

AAAAAAAAA

AAAAAAAAA

AAAAAAAAA
ARA AAA
AAA A4A
AAA AAA
Adh AhA
AAA sk
AAA ABA
AAA AAA
Ank AAA
AAL AAA
AAAAAAAAAAAAAAA
AAAAAAAAAAAAAAA
AAAAAAAAAAAAAAA
Afh AdA
AAA AAA
Alk AAA
ARA AR
AAA LhA
AAA AAA




B 12

*+F [LE*+[D*+*(NXOPT

CCCCCCCC NN NN XX XX 000000 PPPPPPPP TITTITITITY
cCcccccc NN NN XX XX 000000 PPPPPPPP IRRARRARRAI

cC NN NN XX XX 00 00 PP PP 17

cC NN NN XX XX 00 00 PP PP 17

cC NNNN NN XX XX 00 00 PP PP 17

cC NNNN NN XX XX 00 00 PP PP 17

cC NN NN NN XX 00 00 PPPPPPPP 17

cC NN NN NN XX 00 00 PPPPPPP? 17

cC NN NNNN XX XX 00 00 PP 17

cC NN NNNN XX XX 00 00 PP 17

cC NN NN XX XX 00 00 PP 17 cees

cC NN NN XX XX 00 00 PP 17 coee
CCCCCCCC NN NN XX XX 000000 PP 17 sess
CCCCCCCC NN NN XX XX 000000 PP 17 ceee

LL 111111 SSSSSSSS

LL 111111 SSSSSSSS

LL 11 S$

LL i1 S$

LL 11 SS

LL 11 SS

LL 11 SSSS5SS

LL 11 €§5S5SS

LL 11 $S

LL 11 $S

LL 11 $S

LL 11 §S

LLLLLLLLLL 111111 $SSSSSSS

LLLLLLLLLL 111111 SSSSSSSS




CNXOPT
Table of contents

8

P P~ P~ P~ P~
CO~NONN S WY
-

oSS =

U 10DNOD S~
o~ ooro s~

€ 12
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DECLARATIONS

CNXSOPT_INIT = Compute Ogtinal Initial Subcluster
CNXSOPT = Compute Optimal Subcluster

ADD_CMAP = AdG a node to CMAP

REMOVE _AMAP = Remove a node from AMAP

QDMERIT - Quorum disk contribution to figure of merit
SCAN_MAP = Scan bits in a specified bitmap
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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:
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v03-005 DH10223 David W. Thiel 27=Jun=1984
Add d ?ging traps. Correct calculation to do consistent
bookkocp ng.
v03-004 DWTO0185 David W. Thiel 2-Mar-1984
Fix blown register.
v03-003 DHTO17S David W. Thiel 21-Feb=1984
Minimize quorum disk votes against value in CLUB.
v03-002 DWTO0165 David W. Thiel 08-Feb-1984
Set up R3 before calling REMOVE _AMAP at 230$.
v03-001 DMTO162 David W. Thiel 01-Feb-1984

Add CNXSOPT_INIT ontrlngoint. Add nana?eucnt of quorum
is%ibig in"CSB$B_NOD Correct coding errors present
n first pass.
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«SBTTL DECLARATIONS

: INCLUDE FILES:

CLUBDEF s CLUster Block offsets

CLUOPTDEF s CLUster OPTimization block offsets
$CSBOEF ;s CSB Offsets
SDYNDEF ; Data structure type codes
$FKBDEF s Fork block offsets

R R A R N N N AR AN RN RN AR RN AR RN AN NN

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

TR N R R T R AR R R AN A AN AN RN RN AR NN RN

E Assume that all bitmaps are of the same size
3 ASSUME CLUOPTSS_CMAP,EQ,CLUOPTSS_AMAP
ASSUME CLUOPTSS CMAP, EO CLUOPTSS RMAP
ASSUME CLUOPTSS_CMAP,EQ,CSBSS_NOBEMAP
ASSUME CLUOPT&S CMAP.EQ, CLUBSS NODEMAP
.DEFAULT DISPLACEMENT ,WORD

PSECT $$%100,LONG : PSECT for code

00000000 000000000000 NN NN NNNNNNO OO O ONONONON
O 00NN SN = O O 00 NN B LN = OO 00 O NS LN
-
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+SBTTL CNXSOPT_INIT = Compute Optimal Initial Subcluster

CNXOPT - Optim
v04-000 CNXSOPT

+
+

FUNCTIONAL DESCRIPTION:

This routine is is called to compute the ogtinas completely
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:
CSBtB,NOD%HAP is a (potentially optimistic) estimate of the
connectiv ty of the node.
In both NOD;HAP s, bit 0 is used to indicate the state of the
connection” to the quorum disk. This bit should be set only
f 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

N =2 OO 00 NS AN = OO 00 NON WSS N = O O 00 N0 NV 8 N = O 0 00 NOM N ES iR = O O GO N0 NV BS Lin —
AR TR TR PR R TR PR LA AT A T E PR PR PR PE PR PR PR PR PR PR PR PR PE SR PR PR PR PR PR TR PR PR TR PR PR TR TR T

£ 2~ B~ NN NN A NN AN AN NI RINI NN RINININ) = = b b b b b b bt 2 O O O O O O OO O OO0 OOOOOOO

B S s e e e R e R R R e S AR S SS WS I S U W Y W R Y S QU QU G S g

0
§ SIDE EFFECTS:
NONE
0 CNXSOPT_INIT::
3C 08 PUSHR l“l(ﬂi R3,R4 R5> : Save rogistors
54  00000000°'GF D MOVL G*tLg 6L €LUB,R4 : Fetch address of CLUB
00A8 8& 4 CLRL ctua L FHSRleRQ) ; Clear previous figure of merit
O0OEC C& 20 00 6 0 C MovCcS #0,(SPY.#0, - ; lero previous description
1 #CLUBSS ‘NODEMAP, -
1 CLUBS ,NgoEaAP(64)
3C BA 1 POPR #*M<R2,R3,R4 ,R5> : Restore registers
}7 : BRB cnxsopf : Fall into CNXSOPT
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SBTTL CNXSOPT =« Compute Optimal Subcluster

O
O -

04=000 tnab

+
+

FUNCTIONAL DESCRIPTION:

This routine is is called to compute the o:tina} completely
interconnected subcluster of the nodes marked with the select bit.

CALLING SEQUENCE:

JSB CNXSOPT
IPL is IPLS_SCS=IPLS_SYNCH

INPUT PARAMETERS:

CLUBSB_NODEMAP is an initial cluster to try to better.
CLUB&% FHER}T is the figure of merit of the initial cluster.
For all CSB's with the SELECTED bit bit:
CSBSD,NOD%HAP is a (potentially optimistic) estimate of the
connectiv ty 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
f 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 indicates whether an improved cluster
(improved over the initial cluster described in CLUBSL_FMERIT
and CLUBSB_NODEMAP) was found.

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 gz:

(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.

NS N =2 O VOO NS LN = OO0 NN NS N = O OO N WIS N = O OO N S LN = OOV~

The search is done rccursiv:ly. using » linked List of CLUOPT structures
as the staik for the recursion. The CLUOPT structure contains the
following ntcrts‘ing fields:

CLUOPTSL_PREV: Link to previous block

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

[slelelelslalalalalalalele lalelelelelelelelelelelalelelalelelelelelalelelelelslelelelelalelelelelelelele e Te te e Ma TN - |
e e e D ) D D ) ) ) e D e D = D D ——D — = — D D b e D D —D D =D e el D el D D D D ) D ) D D D) D D ) D e e B e e D D D D
SNNNN NN NN NN NN NN NNUUINN N NN NN NN NN NUNNNNYNYNUNNNNNNNNNYNYYNYYNUY NN YN {UYNY{YNYYNY]YUNUNY]YY]{YY1NYN1YN
OV VOO OOV OO OVOVOOEOOD0O0000 NN NN NN NNNNOOCOO OO O YWNYWAWVAWINWAWMWNES SN S OO

[ o o e o o e o o ettt e ma =l =l =l = = o o L o o o o o e e e e ™ ]
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CNXOPY = Optimal § b luster Computation 16-SEP-1984 0G:25: AX/VMS Macro V04-00 Pa
v04-000 CNXEOPT - Compute Opts Subcluster g-s P=1 33 82'8;-32 SYSLOA.SRCICNXOPT .MAR:1 e (2)
CLUOPTSL_ACMERIT: Sum of the votes of the VAX nodes in CMAP and AMAP
CLUOPTSB_CMAP: Bit nap of nodes already included in the cluster being

ﬁonou?o . AlLL of the nodes in CMAP are fully

ntorconnccto .
CLUOPTSB_AMAP: map of godos available for inclusion in the cluster

ng computed.

CLUOPTSB_RMAP: t gap op nodos oxcludod from consideration in the

cluster by vi rtu’ of at least ono node in CMAP not
having a connection to the node.

sgug:aa=ODEHAP and CLUBSL_FMERIT are updated every time a better cluster
und.

A direct inploucntion of the search required takes (N=1)! (factorial) steps.
The execution s nz is kept within reason for the expected cases by the
following heuristic techniques:
. 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.

CNXSOPT::
O7FC 8F BB PUSHR l‘ﬂ(RZ R3,R4,R5,R6,R7, RB R9 R10> : Save some registers
7E 4 CLRL -(SP) [a? indicating no improved cluster found
59 C CLRQ RO s top of frame stack
0 is addross of mapping vector
S1 040C 8F 3¢C MOVZWL lf<CSBSS NODEHAP'8>-4>¢12 Onotlosgugrg p;r possible system
3 s standard header
FFD9' 30 BSBW CNX‘A LOZMEM : AlYocato and zero memory
15 Sg E9 BLBC 10 : Branch on error
SA 5 DO MOVL ;: Address of mapping vector
S0 " FF BF 9A MOVZBL m‘.s $S nogmp-»q RO : number of phoney cells
0C AA4LO 1 D 5% MOVL #1,12(RT : catch use of uninitialized cell
85 F SOBGTR RO.S
0B AA 02 90 MOVB #DYNSC CLU CLUVEC, ; Block subtype
FxB$B_TYPEF1(R10) : Use block type of cluster vector

: This call enters tho main bod{ of the routire.
; It exists only so that several points in the routine can get
: to the common cxit with an RSB instruction.

NN LN = OO G0 O NI~ ) == © O 00 IO W B~ LR = © \O G0~ O™ W1 5~ L) — © 0 00 ~J O N1 8~ LR = OO0 00 ~JO N8~ Lir0 —

VWAV S 85 85 55 55 85 5 5 5 S WU N NI NI NI NONI NI AINONINININD = b b b b b b b 2 O O O O O O O OO

a 10 BSBB 180$ ;: Call main section
DD 183: PUSHL R : Save return status
50 9 D 20%: MOVL 3 RO : Stack frame address
og 1 BEQL $ : Branch if no frame
59 6 D MOVL CLUOPTSL _PREV(R9) ,R9 : Pop the stack
00000000 GF 1? JSB g ElEtDElNONPAGED : Deallocate the frame
: Iterate to flush more frames
FO 1 BRB It te to flush f
S0 SA Dg 308: MOVL R10.RO : Vector address
06 1 BEQL 40% : Branch if no
00000000°'GF 16 .08 JSB G*EXESDEANONPAGED : Deallocate vector
FFA1® 38 BSBV CN!§8CAN_CSBS ; lterate over all (SBs
06 50 E BLBC RO,50% : Branch when done
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51  &C Ag C

0C_AA41 g Dg
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0 50 A3 ¢

0 50 28 8

0 D6

10 A9 50 ¢O

06 60 A3 18 K

52 %9 gO

0100 1
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; ggga #1,CSB$B_NODEMAP(R3) ; Clear quorum disk bit
508%: BICB LUBSB _NODEMAP(R&) lear disk bit in CLUB
POPR 8 ? g R3,R4,RS5,R6, Rs Ra > Restore registers, fetch s
60%: RSB 3 Best clustor 1: in CLUBSB_NODEMAP

Main entrance to the optimal cluster allocation.

Tho first th ng to do is to allocate the CLUOPT block that describes the basis

of the rosgrs on. Then tho selected nodes as placed into AMAP and into the
vcctor (R10) that maps bit numbers into CSB addresses. The Local node is the
only initial member of CMAP. This initial zos the recursion to start from a
point where the local node must be a member of any computed cluster and all other
selected nodes are potential cluster members.

-l e e Ve We e 02 Be Vs ne

SNSNSNN~w~oOo-o-orOrOOONONONOM
S5 IN = OO0 ~NON NS

COOD00 NN NN NNNNNNNNNNNO- O OO0

NI O 0000 LM M O O ™ O O O PONININININININININ) — © CD0D ~IN)

(eimi=l=leleleleleslelelalal=]

008 HOVZBL ICLUOPTSK LENGTH,R1 ; Length

BSBW CNX AtL OZMEM : Allocate and zero memory

75 BLBC : Branch on error

7 MOVL R R ; Update stack frame

7 MOVB #DYNSC CLU_CLUOPT 3 8 ock sub-type

7 CLUOPTSB_S08 0BTYPE (R9)

7 BSBW CNxtsgAN CSBS ; iterate over all CSBs
BLBC ; Branch when done
BBC ccéasv SELECTE g : Branch if not selected

csasL STATUS (R35 , 1308

BICB SB$8 noosnAPin : Clear quorum disk bit
B88C lCﬁBSV Branch if quorum disk not

CSBSL STATUS(Ri) 1103 same as local node

VOO NS WIN = O

QOO0 O0O0O0O0O0OO0O0OO0O0O0O0O0O0O0O00O

08
08
08 :
0 :
09 BBC #CSBSY _QF A x : Branch if quorum disk not
09 CSBSL STATUS(R ) 1108 : accessible
09 BISB l1 CS!SB NODEMAP (R3) ; Mark connection to quorum disk
A 1108: MOVZuWL g 17} CSJD IDX(R3) ,R1 : CSID index
A6 MOVL )LR1] Store CSB address in vector
As asss LUOPTS8 AHAP(R9) 135! ; Set bit in available map
08 1208:  MOVIWL gﬁsu vgtestns) ; Votes hold by node
88 ASHL : Scale votes
INCL 8 : Count the node
08 ADDLZ2 R CLUOPYSL ACMERIT(R9) ; Update ACMERIT
BBC cci LOCA : Branch if not Local CSB
3335 51Atus(a3) 1308
MOVL : Stack frame for ADD_CMAP
BRW ADD CMAP : Add the node to CMAP and return
1308: RSB
BUG_CHECK CNXMGRERR,FATAL ; funny data

»s W
o W
> =

BBSS #0,CLUOPTSB_AMAP(R9) ,135% ; Mark the quorum disk available

This is the entry point into the recursion.
R9 is the address of the CLUOPT block for the current lovol of rocursion.
CMAP(R9) is the map of nodes definitely in the cluster b ? conputo .
AMAP(R9) is the map of nodes that are still candidatos for nclusion
in the clustor bei n?o onguto
us

PREV(R9) is tho addrtss of tho rev LUOPT block in tho recursion.
CMERIT(R9) it ure of nor of the VAX nodes in C
ACMERIT(RY) 1is

--a---aoooooooooavooooooooogm
SN = OO NN SS IR = OO NN NS LN —

I TA TR PR PR TR PR PR TR PR I 3 —

NN NN NN NN N M 32 3 O 0NN 3> 00 3~

=A-l-A-i-l-i-i-l-l-ialaslsinlslinlals

OO0 OO0O0OVOO0O0O0O0O00O

guro ?’ merit of all of the VAX nodo?gin AMAP and

thus an upper bound on the figure of merit

Cl
i
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2208: RSB : Return to scanner

2308: MOVL R9.R2 Stack frame for removal
BRW REMOVE _AMAP : Remove from AMAP and return to scanner

16-SEP=-1984 00:25: AX/VMS Macro V04-00 s
v04-000 CNXSOPT = Compute Optimal Subcluster g-SEP-lggb 8&:8;:32 SYSLOA.SRCICNXOPT .MAR; 1 Ay (2)
1§ : of any possible cluster, exclusive of the contribution
: of a possible quorum disk.
; R10 is the address of the (5B vector
2008:
§ Remove frowm AMAP every node not connected to all nodes in CMAP
34 A9 9F 5 PUSHAB CLUOPTSB_AMAP(R9) ; Address of map to sca
0178 gg 8 BSBW SCAN_MAP™ : Initializer ugp scannzr
26 S E BLBC R 2883 : Branch when done
53  0C AAG1 D g MOovL  12(R10)[R1].R3 : (SB address
16 51 E BBS R1,CLUOPTSB_RMAP(R9),2308 ; Some node in CMAP is not connected to no
53 D g TSTL ] : Nonexistent CSB? (quorum disk)
1" 1 BEQL 2208 : Ignore quorum disk
A ASSUME CLUOPTSS_CMAPL3,EQ,0 : Assume bitmap is an integral number of Llon
) ASSUME CLUOPTSS CMAP,GE 4 : Assume at lLeast one iteration
50 07 D A MOVL  #<CLUOPTSS CMAP/&>=1,R0
5¢ 14 A940 008C €340 ¢ g 2108: BICL3 CSBogtggDEaﬁgggagfsgg.ns 3 Lookpfor missing connection to any node i
06 1 g BNEQ kgt p “:'Branch it connoc}ion is missing
F2 50 8 2 SOBGEQ RO0,210% ; Iterate over entire connection map
C
C
F

-0 v WO

WO

240$:

: Loop at a given recursion depth.
R9 is CLUOPT block for this depth.
R10 is vector of CSB's.

00s$:

: Determine whether the recursion can be discontinued because the best possible resu
is not better than the best result already attained.
Compute an upper bound the the figure of merit by sunain? the votes of all nodes
:: AHA: an? caxpuith the minimum of the votes proposed for the quorum disk by

e nodes in "

lelelelelelelelelelelelele b bbb b=t --1--]
e Lot ns o,

e N NN LN LN LN LN N S LN N LN NN X

QOO0O0O

W= MMM MMM e ~ S = O O

54 oogoooog'cr MOVL  G*CLUSGL_CLUB,R4 Address of CLUB
57 10 A9 MOVL  CLUGPTSL”ACMERIT(R9),R7 ; Contribution of VAX nodes
BLBS  CLUOPTSB RMAP(R9),3108 : Branch if quorum disk is excluded

BSBW QDMERIT Calculate quorum disk contribution

ADDLZ2 R9.R7 Include contribution of quorum disk
3108: CMPL R7,CLUBSL _FMERIT(R4) Compare best attainable to best already
BLEQU 3408 Branch if no improvement possible

Pick a node from AMAP
If none are available, this recursion level is done

ASSUME CLUOPTSS_AMAPR3,EQ,0
ASSUME CLUOPTQ; AMAF ,GE , 4 : Assume at least one iteration
MOVL #CLUOPTSS_AMAR/4 .R1 : Number of iterations

R 5 3tarting bit position
RO,#32,CLUOPTSB_AMAP(R9) ,R

LA TR TR T

NNOONOONONO OO O~ O VA WNAWAVVAWALSS 85 85 85 85 85 55 85 5 2 LI WU U L NN NN NN RINININD = —5 - -2
=t O 00 NO AN 8N = O O 00 NON N 8 LN =2 © O G0 N ON WSS LN =2 © O G0 O\ 8% LN =2 © O 00 NOMA S L) = O 0 00 O~

>
oo
" v &
- F 3
w
&
VIO W=
o000 ~NO =0
moo -2 INMO O
>0 ®=OO0OWOO
OO0 O0OO0OCOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOO

POND b —b b —d e b b o b b b

50 34 A9 20

o
~N
o
L 2]
-
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Compute Optfna Subzluster 2-SEP-1334 82:8;:32 SYSLOA.SRCICNXOPT.MAR; 1 g (4)

BNEQ 400 ; Branch if bit found
;i SO0BGTR n?.gzos ; Iterate over all longwords

g

CNXOP - Optima
V04=000 CNXSOP

TRl

: 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.

74
;S
s
57  0C A9 Dg 78 MOVL CLUOPTSL _CMERIT(R9) .R7 ; VAX consribution to figure of merit
06 14 A9 5 ? BLBC  CLUOPTSB-CMAP(R9),3%08 : Branch if quorum disk not included
57 00 § C8 gggfz gons;xt ; Calculate disk contribution
00A8 C4 D1 i 3308: (MPL Rg'gLUBSL,FHERIT(Rk) ; Compare this cluster to best seen so far
9 1 4 BLEQU 346 : Branch if new one is no better, return
00AB Cé& 3 g 5 MOVL R7,CLUBSL_FMERIT(R4) ; Save figure of merit
00EC C& 14 A9 0 ? MOVC3  #CLUBSS NODEMAP, -
CLUOPTSB _CMAP(RY), -
3 CLUBSB_NODEMAP (R4 )
04 As 20' 08 MOVL S‘lsa _NORMAL , 4 (SP) : Mark an improved cluster found
9 D 0 3408: MOVL R9.R : Address of CLUOPT block
9 69 00 91 MOVL CLUOPTSL _PREV(R9) ,R9 s POP CLUOPT block stack
00000000 GF 1? 9; JSB G*EXESDEANONPAGED : Dealilocate this CLUOPT block
59 D 9 TSTL K3 : End of stack?
9F 12 gg BNEQ 3008 : Branch if no to continue
89 : The recursion is complete. This is the main exit.
50 00° og 98 ° MOVL  S*#SSS_NORMAL,RO : Successful return
0 ‘93 3508: RSB
401 ; A node (index in RO) has been chosen as the basis for constructing a new frame
4 i and taking the recursion down a level.
) Begin building a new frame.

53 0C AALO DO 00$: MOVL 12(R10)CRO],R3 : CSB of basis node

Regsister/Data available:

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

: CLUOPT for new current frame
R10: Vector of nodes

(TR TR TR TR ETETETY TR TETETE)

MOVL R2.R

PUSHR  #*RA<R1.RD>

MOVCS s ug;1§=9§115(aa).(na).
CVTLW (35)0:CLUOPTSU SIZS(R9) Restore size word

MOVL R8,CLUOPTSL_PREV(R9) : Link to previous frame

Regsister/Data available:

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

Save (SB address and frame length
: Copy old hlock into the new

S1 74 8F 9 MOVZBL #CLUOPTSK LENGTH,R1 ; Length
00000000°'GF 1 JSB G‘Eg 8ALONONPAGED : Allocate memory
ED g E BLBC RO, 5508 : Branch on error
ga D MOVL R9.R : New previous frame
o 2 D : New current frame

A
69 51 00 68 08 A8

" %
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R9: CLUOPT for new current frame
R10: Vector of nodes

e 1

O =
h-Xal

(=l )

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 ih. chosen nodz.

Note that the chosen basis node is added by virtue of it being equivalent

to tso} : t;hcd?uorul disk is treated zs a special case because no (SB
0 B

ALEA TR TR PR PR TR PR TR TN T

exists sk prope~
POPL R4 ; Is the chosen node the quorum disk?
BEQL 4508 : Branch yes
PUSHAB CLUOPTSB_AMAP(R8) 3 Sc?n available nodes in previous frame
BSBW SCAN_MAP : Initialize scanner
BLBC R 6583 : Branch when done
MOVL  12({R10)CR1],R3 : CSB of node under consideration
BEQL 440% : Branch if quorum disk and ignore it
ASSUME (CSBSS_NODEMAPL3,EQ,0 ; Assume an integral number of longwords
ASSUME CSBSS NODEMAP,GE , 4 ; Assume at lLeast one iteration
52 07 MOVL  #<CSBSS_NODEMAP/{>-1,R2 : Iterate over all bytes of map
SS 008C C342 008C C442 CD 4208: XORL3 CSB‘O_NODEHAP(u&)ERs;, = :; Compute differences between chosen
CSBSB_NODEMAP(R3)[R2]I,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.

14 A942

s Check for differences with CMAP nodes con

BITL  RS,CLUOPTSB_CMAP(R9)[R2]
4408

BNEQ
BITL

RS, CLUOPTSB_AMAP (R9) [R2)
440

; Branch on discrepancy and reject this addi
: Check for differences with P nodes' co
: Branch on discrepancy and reject this addi

55

14

34 A942 5
g BNEQ ]

ES SOBGEQ R2,4208

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 ovor{ respect. The basis nod plus all equivalent nodes are moved from AM
to CMAP simultaneously. This is a nalor 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 is made to this point to handle the quorum disk!

NOOMONO OO O OO O AW SES 35 85 85 55 5 85 8 8 5 Wi i i i i

OO0 NS LN = OO 00 N NS LN =2 OO 00 N0 N £ LN = O 0 00 N N 8 LN = O 000 O Vs~
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w
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o
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W W
S
NS B N
O—=OMOH
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Moo o —SOMNO—O
PN TN o VO NO
0000000000000
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W= O O O > NWINININININININIPRINNIN MO QOO 2 b el b e e b S S P NO P NSV
D R AR ARl A A A A A A A A AT A AL A A A A A A A BB B D s

52 S9 »O 71 4308: MOVL R9.R2 . Stack frame for ADD_CMAF
Foo1 7 B3BB Agé SHAP : Add node to new CMA
52 8 O 7 MOVL R8.R : Use previous CLUOPT address
P ] 7 B8SBB REMOVE _AMAP ; Remove from old AMAP and return
0 ; 4408: RSB
gl Dé 77 4508 CLRL 1 : Disk is node 0
3 b4 7 CLRL Bl : N CS
EF 1? 7 BSBB 430% : Use same code as for normal case
FEFD 3 80 4608: BRW 200$% : The new recursion is set up == do it!
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CNXOPT = Optimal Subcluster Computation 16=-SEP=-1984 125 AX/VMS Macro V04-00 Page 1
v04-000 ADDSCHAP = Add a node topanP g-S P-lggk 82:8;:32 SYSLOA.SRCICNXOPT.MAR; 1 . (})
}g 2 § .SBTTL ADD_CMAP = Add a node to CMAP
1
}g 4 9 : FUNCTIONAL DESCRIPTION:
106 & s : This routine adds a node to CMAP, ldgusts the figure of merit for the
10 489 : subcluster attained in CMAP and the best potential subcluster, and
10 & ? : updates RMAP to reflect any additional nodes whose membership is
10 491 ; incompatibile with the subject node.
}g 28; : f the subject node is a member of AMAP, it is removed.
}g zgg § CALLING SEQUENCE:
1 239 : BSBB/BSBW/JSB  ADD_CMAP
}gg 238 : INPUT PARAMETERS:
10 20 RY: Index of the node to add to CMAP
106 1 Ri: Address of CLUOPT block containing the CMAP and AMAP
}gg g 3 R3: Address of the CSB of the node to add
}gg og : OUTPUT PARAMETERS:
}go 8? § NONE
§1og 08 : COMPLETION CODES:
102 09 ;
AL E —
8106 1; : SIDE EFFECTS:
106 13 ;
g}gg }; 3 The contents of RO are destroyed.
= ir 19 E--
) 1
iog 18 ADD_CHAP:
2A 16 A2 $ E 10 1 BBSS R1,CLUOPTSB_CMAP(R2),308 ; Add to new CMAP, branch if present
S1 D 108 ? TSTL R1 : Is the subject the quorum disk
a3 ] 10D BEQL 208 : Branch if quorum disk
SO SO A3 ;g 10F i MOVZWL CSBSW_VOTES(R3) RO : Votes held by node
S0 SO IE; ASHL #8 ,RO,RO : Count each vote as 256 points
D 1€ 4 INCL R : Include the node
0cC Ag C 1€ b) ADDL R .CLUOPT%L_CHER!T(RZ) s Add to CMERI1
10 A C 1ED 3 ADDL RO,CLUOPTSL ACMERIT(R2) : Add to ACMERITY
1F1 ASSUME CSBSS_NODEMAPE3,EQ.0  : Assume map is an intoerol number of Longwo
1F1 g ASSUME CSBSS NODEMAP,GE , 4 : Assume at least one iteration
50 27 00 01F1 MOVL  #<CSBSS NODEMAP/{>-1.R0O : Update rejection map
7€ ogas €340 D 1Fé4 0 108: MCOM CSB&B,NUDEHAP(RS)[ROi -(8P) ; Nodes not connected to subject node
54 A4 gs C 1FA 1 BISL (BP)# CLUOPTSB_RMAP(R2)CRO) ; Mark unconnected nodes as rejected
F F 1FF i SOBGEQ RO,10$ ; Iterate over all longwords of map
05 lg i 208: B8SBB REMOVE _AMAP : chov’ the node from AMAP
0 g g RSB ; Fall into REMOVE_AMAP
g 6 308: BUG_CHECK CNXMGRERR,FATAL ; Invalid state
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v04-000 REMOVE _AMAP = Remove 23 nggn rom AMAP -§Ep-133‘ 82:8;:22 SYSLOi.S‘ESgNXgPT?gAR:1 i }Z)

.SBTTL REMOVE_AMAP - Remove a node from AMAP

+
+

0000

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
Ri: Address of CLUOPT block containing the CMAP and AMAP
RS: Address of the (CSB of the node to add

OUTPUT PARAMETERS:
NONE

COMPLETION CODES:
NONE

SIDE EFFECYS:

The contents of RO are destroyed.

IR LT E DA TETE AR TR TE PR TE A PR FPE A PR AR PR A TE DA PR PR PR PR TR TR PR FR T

REHOVE_ASAP:

NONININLNINININLNINGTUNINI NN NN N NN NN NI NN NN NN NN NONNIPININNONONONONONOMNOND |

N Y e bttt trdedelelelelelolelelalalalelalolelelelel=l=l=]
==t O > ONOM OV VOOV OOV OOV OVOVOVOVOVOOVOOVOVO OOV OOOVOOOV
VIVIAT VT TN U A VT T T T TV AT I UV

OO0 NN NN NN NNNNOOOOOO OO YT UIWVAIWMIUVIVAWES SN SN SN N S N B S il
N =2O VOO NO WS WIN) = OO0 NON NS N = OV O NN S LIN) = OO O ~NON N B

[elelelelelelelele e cloiciclclslelslelolelelelelelelelelelele]

13 36 A2 51 ES BCC R1,CLUOPTSB_AMAP(RZ2) ,208 ; Remove from AMAP, branch if not present

-} B TSTL R1 : Is the subject the quorum disk?
Og 13 BEQL 108 : Branch if yes

50 50A ;C MOVZuL CEBSH_VOTES(RS),RO : Votes held by node

S0 50 08 8 ASHL #8,R0,RO ; Count each vote at 256 points

58 D6 INCL R : Include the node

10 A2 5 Cg SUBL2 RO,CLUOPTSL_ACMERIT(R2) ; Remove from ACMERIT

0 108: RSB
208: BUG_CHECK CNXMGRERR,FATAL ; Invalid state
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Quorum disk contribution to fi 5-SEP-1 SYSLOA.SRCICNXOPT.MAR; 1
.SBTTL QDMERIT = Quorum disk contribution to figure of merit

+*
+

FUNCTIONAL DESCRIPTION:
This routine computes the ontribution ? the quorum disk to the figure
of merit. It assumes that the quorun sk oos contribute. he
contribution is calculated as the minimum of f ¥o$¢s proposed for the
quorum disk by each of the nodes in CMAP. This minimum is scaled in
the same way as the votos contributod by a VAX node. However, the
uorum disk does not anoshor po‘nt ‘o represent the node {tself.
hus a VAX node with voto more desirable than a 1 vote contribution
from the quorum disk.

CALLING SEQUENCE:
BSBB/BSBW/JSB  QDMERIT

LA TR LR LA A LR L LA T T P P P P P PR PR PR PR PR PR PR PR PR PR PR PR PR PR P P T P P T T

m
T =
go
31
%%
94
85
3
98
99
600
i
8 g 282 INPUT PARAMETERS:
0225 605 Ré&: Address of CLUB
0225 609 R9: Address of CLUOPT block describin? the tentative cluster
8 mg 288 R10: Address of vector mapping bitmap indices to CSB addresses
8 gg 2?3 OUTPUT PARAMETERS:
822; 2}1 RO contains the quorum disk's contribution to the figure of merit
0 2§ 615 COMPLETION CODES:
0 614
8 g g}s NONE
§§ S g}? SIDE EFFECTS:
g g1§ The contents of R1 and R2 are destroyed.
2 { jue
6 5 QDMERIT:
52 O00AE C4 3C 624 MOVZWL CLUBSW QDVOYE S(R4) ,R2 ; Accumulate minimum quorum disk votes in (M
14 A9 9F A 625 PUSHAB CLUOPTSB_CMAP(R9) ; Push address of map to process
1A 10 D 6 9 BSEB SCAN MAP™ : Get call-back for each bit
12 50 E9 F 2 BLBC ?8 : Branch if done
50 0C AA41 og ; s MOVL 1 (n )[R11,RO : CSB address
0A 1 6 BEQL ; Branch if no CSB (quorum disk case)
5¢ 56 A0 B1 9 6 ? CMPW 28280 QDVOTES(RO) ,R2 : Votes proposcd for quorum disk
1€ D 6 BGEQU : Branch if old was lower
52 56 AO 32 P i MOVZWL CSBSW_QDVOTES(RO),R2 ; Update minimum
22 g ? 108: RSB : Continue scanning bits
50 52 08 ?g &6 635 208 ASHL #8,R2.R0 : Scale votes
0 48 636 RSB : Return, votes in RO
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+SBTTL SCAN_MAP = Scan bits in a specified bitmap

CNXOPT = Optimal Subcluster Computati
v04-000 SCAR_HAP - Scanub ts Sn .
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Co&
A

SN
+
+

FUNCTIONAL 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
0(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.
After the Last bit has been processed
RO has the low bit clear
SIDE EFFECTS:

At the final return, R1 has been destroyed.
Any registers modified by the co-routines are changed.

Nﬂwg AN B BBl sresssess
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SCAN_MAP:
CLRL R1 ; Initialize bit number -
ASSUME Ck OPT$S_CMAP,GE, 4 : Assume at least one longword of bitmap
50 188: MOVL #32,R0 : Do as many bits as VAX can
51 04 BE 50 208: FFS R1,R0,a4(SP) ,R1 : Look for a bit in the map
BEQL o : No bits found
MOVL S“#SSS_NORMAL ,RO ; Set success status
JSB a(SP) ; Do co-routine callback
5 INCL R1 3 Buag over selected bit
S0 000000EO0 BF ) 9 308: SUBLY R1, - : Is there at least a longword left?
6 #<CLUOPTSS_CMAP*8>-32,R0
6 s BGEQ 108 ; Branch if yes
50 6 ADDL2 #32,R0 ; Compute number of bits remaining
? BGTR 20% : Branch if some bits left
6E 9 MOVL (8P)+.(SP) ; Remove map address
9§ CLRL R ; Set return status
34 RSB : Return, scanning complete
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CNXOPY
Symbol table

MAP
BUG‘ CNXMGRERR
CLUSGL _CLuB
CLUBSB_NODEMAP
CLUBSL _FMERIT
CLUBSS _NODEMAP
CLUBSW-QDVOTES
UoP AMAP

CLUOPTSB_SUBTYPE
CLUOPTSK_LENGTH
CLUOPTSL _ACMER]IT
CLUOPTSL _CMERIT
CLUOPTSL_PREV

CLUOPTSW SIZE
CNXSALLOZMEM
CNXSOPT

CNXSOPT _INIT
CNXSSCAR_CSBS
CSBSB_NODEMAP
CSBSL_STATUS
CSBSS_NODEMAP
CSBSV_LOCAL
CSBSV_QF _ACTIVE
CSBSV_QF “SAME
CSBSV_SECECTED
CSBSW-CSID_IDX
CSBSW_QDVOTES
CSBSW_VOTES
DTN E-ELU-ELUoEe
EXESACONORPAGED
EXESDEANONPAGED
FXBSB_TYPE
QDMERTT

REMOVE AMAP
SCAN_MAP

(33 3 uonnAL

PSECT name

. ABS .
$ABSS
$$$100

00000106

TR REY
LA 222244

:

000 o
i %
i

LA A Al ]

30000000

LA 22

OO0 OO » O
OO0 O0O0CO0O0O0O0OO0O »
OO0 O0O00OOCO

OOO0O0O0O
o

o

[=3=4

o0

TRERARY
LA 22 23]

b

i 2422323

RG
RG

Allocation

SRR

F 13
= Optimal Subcluster Computation 1g-$EP-1

-SEP-1

¢

>z >
[=l=l=l=]
oo

) 00°C 0.0 NOPIC USR  CON
) 01 1) NOPIC USR  CON
627.) 02 ( NOPIC USR  CON

o8 00:57:22

ABS
REL

LCL
LCL
LCL

AX/VMS
SYSLOA.

NOSHR NO
NOSHR
NOSHR

EXE
EXE
EXE

cro
J CN

NORD
RD
RD

v04-00
XOPT.MAR;1

NOWRT NO
WRT NO
WRT NO

Page 18

VEC BYTE
VEC BYTE
VEC LONG
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- Optimal Subcluster Computation e 19-360-138¢ 00:53:48 SYSLOA. SRC

-SEP-1

Pormcessrcccr e rece o om e oo d

! Performance indicators !

b= ecccrccc e rmeseesase §

Phase Page faults CPU Time Elapsed Time
Initialization 6 :00: .Og : :81.
Command processing 1 :00:00.4 :00:02.
Pass 1 ; :00: .2 :00:16.
Symbol table sort :00:00. :00:00.
Pass 136 :00:01.1 :00:064.
Symbol table output :00:00. :00:00.15
Psect synopsis output :00:00.01 :00: .81
Cross-reference output :00:00. g :00:00. g
Assembler run totals 52 " 0:00:26.4

The working set Limit was 1500 pages.
bytes_(61 pages) of virtual memory were used to buffer the intermediate code.
There were 30 pages of symbol table space allocated to hold 429 non-local 5nd 40 local symbols.
5 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.

! Macro library statistics !

bmcermccca= mrcccaseonemos oo = 4+

Macros defined

Macro Library name

_$2558DUA28: SYSLOA.?BJJCLUSTER.HLB:1 0
_$2558DUA28: SYS.Oﬁg LIB.MLB;1 6
$2558DUA28: (SYSLIBISTARLET.MLB; 2 4
TOTALS (all Libraries) 10

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

o v04-00

r
JCN

XOPT.MAR;1
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