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TITLE TSCASH ~- TSX-Flus Data Caching Facility 
.ENABL LC 
.DSABL GBL 
.CSECT TSCASH 

TSCASH is the TSX-Plus module that contains the routines 

used to perform data caching. 

Copyright (c) 1984, 1985. 

S&H Computer Systems, Ine. 
Nashville, Tennessee USA 

All rights reserved. 

Macro calls 

.MCALL . ADDR 

Global definitions 

.GLOBL TSCASH 

Global references 

.GLOBL CCSCBP,Q@. FUNC, @. COMP. @. CSW, CCOSWCT, OVRHC 

.GLOBL CCEWFL, CD#DVU. CCSDVU, CCSUBO, CCSUBP, CCHBLK 

.GLOBL @. UNIT, CA#DVU. C. CSW, CASWCT, CASUFL, CASUBL 

.GLOBL CS#E0OF, CASHFL. @. WONT, ENSYS, CSHDVN, KPARS 

.GLOBL KPARS, @. DEVX, CASBLK, CASHBL, CSHMRU, CASHSH 

.GLOBL VPARS, VPARS, CCHOQE. SYGIO, Q. JOB, CDS$SZ 

.GLOBL CSHLRU, CSHDEV., CSHBFP, CS#ERR, CCBHD, S#QCCB 

.GLOBL QNSPNX, CCSLNK. @. BLKN, @. BUFF, Q. PAR 

.GLOBL UREGO, IQCMPL, IOQSI1Z, @. CHAN. FP#MOV, USWPCH 

.GLOBL INTPRI,PSW, CSHFHD, VCSHNB, JOBCCB, NPCCB 

.GLOBL @. FLAG, GF#CIO, QFSSCR, CETQ, DOSCHD, SCHED 

.GLOBL CASTSR, CASCBER, CASTBW, CASCUP, CORUSR 

.GLOBL CASTRO, CASTWO. DVFLAG. DX$NCA, SNOABT, LSW9 

Macro to map to a data caching table 

.MACRO MAPTO TABLE 
MOV C#TABLE, Q@HKPARS 
. ENDM MAP TO 

Macro to disable device interrupts 

. MACRO DISABL 
BIS #340, @HPSW 
. ENDM DISABIL 

Macro to enable interrupts 

. MACRO ENABL 
BIC @HINTPRI. @#PSW 
. ENDM ENABL 

Macro to call a system overlay
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62 
63 
64 
69 
66 
67 
68 
69 
70 
71 
7e 
73 
74 
79 
76 
77 
78 
79 
8O 
Bi 
82 
83 
84 

000000 

000002 
000004 
000006 
000010 

OO00012 
000014 
QOO00016 

012700 

003622 
000020 
001530 
003345 

000000 
000000 
Q00000 

. MACRO 
_ IF 
. ERROR 
. ENDC 

OCALL ENTADD 
B. ENTADD 
sOCALL without entry address 

@#OVRHC 
ENTADD 
OCALL 

3 Module header. Must be first data in segment. 

TSCASH: . RADSO 
3 

Overlay segment ID word 

/CSH/ 

i Table of offsets to entry points in this module 

. WORD 
. WORD 
. WORD 
. WORD 

i Data areas 

CURCCB: . WORD 
IOGIN: . WORD 
TOQOUT: . WORD 

CSHINI-TSC ASH 
CSHIO-TSCASH 
CSHCLN-TSCASH 
CSHF IN--TSCASH 

) iCurrent cache control black 

0 Current original 1/0 queve element 

0 sCurrent secondary I/0 queve element
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000020 
000082 
000024 

009030 
000036 
000040 
000044 
000046 
0090054 

000056 
000062 

009064 
000070 

000072 
000076 

000100 
000104 
O00110 
O0o112 
000116 
O00120. 
000124 

if data 

010345 
010546 
O13746 

132761 
001033 
105761 
QOO1450 
12612? 
001444 

004767 
103441 

005737 
001434 

1653761 
001413 

1146100 
042700 
ONO300 
116103 
050003 
004767 
O00420) 

is in cache 

OO0000G 

000000G 

O00000¢ 

O00000¢G 

O00000G 

0000006 

0000006 
177770 

0000006 

001404 

oo 
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.SBTTL CSHIO -~ Check if data is in cache 
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CSHIQ is called before 

if the data being read 
whether the data cache 

each I/O operation is initiated to determine 
is in the cache or, in the case of a write, 
needs to be updated. 

Inputs: 

Ri = Address of I/0 queve element. 

Outputs: 

C-flag cleared ==> Queue request normally. 
C-flag set ==> Don’t queve I/O request. We will do completion. 

CSHIQ: Mov R3,.-(SP) 
MOV RS, —-(SP) 
MOV @HKPARS,. -—(SPF) iSave kernel PAR 5 mapping 
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Ignore this I/0 operation if it is being performed by the system 
or if this is a secondary 1/0 operation started by the caching system. 

BITB #GFSCIO,@. FLAG(RI) i Is this a secondary op started by us? 
BNE rk iBr aif yes 

TSTB Q. JOBC(R1I) jIs this a system 1/0 operation? 
BEQ 9 +Don’t do caching for system I/O operations 
CMP B Q. CHAN(R1). HUSWPCH i Is this user channel for swap file? 
BEQ ot iBr if yes -- Don’t cache 1/0 to swap file 

Determine if the device being accessed is mounted by anyone 

jis this device mounted? 

iBr aif not 

CALL CSHTST 
BCS 9S 

Determine if caching has been disabled 

TST @#VCSHNB 
BEQ a) 

sAre there any active cache buffers? 
iBr if not 

This device is mounted and hence should be cached. 
Determine if this is a . SPFUN operation. 

TSTB Q@. FUNC (RI) 
BEG oF 

iIs this a . SPFUN operation? 

iBr if not 

.SFPFUN being done to cached device. 
Clean out all cache entries for this device. 

MOVB Q. UNITCRI),. RO ;Get device unit number 
BIC #°C7,.RO iClear all but unit number 
SWAB RO iPut in high-order byte 
MOVB Q@. DEVX (R1),.R3 iGet device index number 
BIS RO,RG iCombine unit # with device # 
CALL CSHCLINN iClean out the cache 
BR me) iIgnore this I/0 operation 

This is not a . SPFUN. 
Ignore the operation of the word count is zero.
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is in cache CSHIO 
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~— Check 

000126 
000132 

009134 

000140 
000144 

000146 
000152 
000154 

000156 
000162 
000164 

000166 

000170 
000174 
000176 
O00200 

if data 

OOS761 
001415 

004767 

005761 
002404 

004767 
O00261 
OO0400 

004767 
000261 
000401 

O00241 

O12637 
012605 
012603 
O00207 

0000006 

002696 

0000006 

000030 

O00306 

0000006 

aS: TST 
BEQ 

; Get a cache control block. 

CALL 

3 Determine 

TST 
BLT 

3 This is a 

This is a 

14: CALL 

SEC 

BR 

We do not 

CLe 

Finished 
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MOV 
MOV 
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@ WCNT(R1I) 
9S 

CCBGET 

Page 2-1 

i3Is word count zero? 

iBr if yes -- Don’t do caching 

iGet a cache control block 

if it is a . READ or .WRITE operation 

Q. WCNT(RI) 
1$ 

read request 

CSHRD 

10% 

write request 

CSHWRT 

10% 

i;Read/wWrite 

iBr if write operation 

;See if we can find data in cache 

iSignal that caching is being done 

iStart the write operation 
iSignal that caching is being done 

want to do caching for this operation 

(SP )+, @HKAPARS 
{(SP)+, R95 
(SP )+.R3 

RETURN 

iSignal normal request queveing 

iRestore kernel PAR 3S mapping
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CSHRD -- Read request 

1 .SBTTL CSHRD -~ Read request 
2 Be mem mm mee cme em my a a a, ie ii se om coe 
3 + A read request is being performed. 
4 i; See if we can get all or some of the requested data from the cache. 
2 i 
& 3 Inputs: 
7 i RO = Pointer to cache cantral black for this operation. 
8 i 
7 900202 010144 CSHRD: MOV Ri, —-(SP) 

10 000204 010344 MOY R3,-(SP) 
11 ; 
ie 3 Count total number of biocks read from mounted devices 
13 i . 
14 00902065 012700 000001 MOV #1,RO0 sCount 1 more read operation 
15 000212 004167 003262 JSR Ri, CSHCNT iUpdate statistics counter 
16 000216 000000¢ . WORD CASTRO i Total number of read operations 
17 000220 016500 0000006 MOV CCEWCT( RS), RO iGet total word count 
18 900224 062700 000377 ADD #255. ,R0 sRound up to block size 
19 000230 000300 SWAB RO iConvert to # blocks 
20 0002392 042700 177400 Bic #°C377,RO iClear all but low byte 
21 000236 004167 003236 JSR Ri, CSHCNT iUpdate statistics counter 
22 000242 0000006 . WORD CASTBR i Total number of blocks read 
m3 i 
24 + Begin loop to determine which blocks are in the cache. 
ew i 
26 000244 004767 001354 1s: CALL CSHLOC Determine if next block is in the cache 
27 000250 103442 BCS 2s ;Br if not 
22 i 
2? + There is an entry for this block in the cache. 
30 i See if we have at least the requested number of words. 
ai 3 
32 000252 0145039 o000008 MOV CCEWCT(RS). RG iGet the remaining word count 
33 000256 020327 000400 CMP R33: #256. iIs there more than a block left to read? 
34 000262 101402 BLAS 3t iBr if not 
39 0090264 012703 000400 MOV #256. ,R3 iSay we are reading a block this time 
36 000270 3S: MAP TO CASWCT sAccess cache table word count entry 
37 000276 020311 CMP R3, (R11) iAre the required number of words in cache? 38 000300 101024 BHI 2s iBr if not 
39 i 
40 i Transfer data from cache buffer to user’s buffer 
41 i 
42 000302 0047647 000442 CALL RDMOVE iMove data from cache to user’s buffer 
43 3 
44 i Move this cache block to the head of the LRU chain 
45 i (That is, make it the most recently used) 
46 j 
47 000306 004767 001460 CALL CSHUSE iMake this block be the most recently used 
49 ; 
49 i Count another block that was read from the cache 
90 3 
Yl OOO312 O12700 O00001 MOV #1,R0 sAdd 1 to counter 
ve OOO316 004167 003154 JSR Ri, CSHCNT isUpdate statistics counter 
233 000322 o0000000 . WORD CASCBR iNumber of blocks read from cache 
4} 3 
a hw) # See if the job scheduler needs to be called to give someone else a 94 3 chance toa run 
oF ;
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58 000324 0004767 
29 
40 
él 
62 000330 005265 
63 000334 062769 
64 000342 160369 
65 000345 001336 
66 
67 
68 
69 000350 004767 
70 000354 000402! 

71 
7a 
73 
74 
75 000356 004767 

7é 
77 
78 
79 900362 012603 
80 000364 012601 
81 000366 000207 
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if 

CALL 3See if job scheduler needs to be called CSHSCH 

Advance block number, buffer address, and reduce remaining word count. 

iAdvance black number 

iAdvance buffer address 

;Reduce remaining word count 

iLoop if more blocks need to be read 

INC CCS$BLKCRS) 
ADD #8... CCSUBP (RS) 
SUB R3, CCEWCT (RS) 
BNE 1% 

We were able to satisfu entire read request from the cache. 

CALL CSHF IN 
BR oS 

iFinished I/0 operation 

Not all of the data is in the cache. 

Read remainder in from 1/60 device. 

CALL READIO ;Start read from I/0 device 

Finished 

MOV (SP)+, R23 

MoV (SP)+, R1 

RETURN
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READIO -- Start read I[/0 operation 

1 .SRTTL READIO -~- Start read I/0 operation 
2 jn ne ce et tne a in er i ee a 
3 i READIO is called to start an I/O operation to read data that is not 
4 i available in the cache. 

D 3 

& 3 Inputs: 
7 3 RO = Pointer to cache control block. 
3 i 

? i Results: 
10 3 Data is read into user’s buffer and then is moved into cache. 

11 ; 

12 000370 010144 READIO: MOV Ri, -(SP) 
i3 i 
14 i Build cache block descriptors for all the blocks that are going 
iS i to be read. The descriptors indicate that the cache buffers are empty. 

16 ; 

17 000372 O0476% 000756 CALL CSHBLD ;Build empty cache block descriptors 
ig ; 
19 i; Get and initialize a free I/G queve element 
20 3 

21 000376 004767 002766 CALL CSHGTQ iGet a free I[/0 queve element 
ai ; 

a i Get address of completion routine 
a4 3 

29 000402 . ADDR #HREDCPL, RO iGet address of read completion routine (PIC) 
2& 000410 0100561 9000006 MOV RO, @. COMP (RI) ;Set address of read completion routine 
ae 3 
2o 3 Initiate the read operation 
29 i 

30 000414 004737 0000006 CALL @C#SYQI0 ;Quevue the 1/0 operation 
i 3 
Be 3 Finished 

3a i When the read finishes the REDCPL routine will be called. 
34 3 

35 000420 012601 MOV (SP)+,R1 
36 000422 000207 RETURN
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REDCPL -- Read 
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000426 

009430 
009434 
009440 
000446 

000450 

000454 

009460 
Q00464 
000464 

010546 
010105 

016500 
016000 
032760 
001002 

004767 

O04767 

005067 
012600 
000207 

I/O completion routine 

OO00006 
O000006 
O00000C 9000006 
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002566 

177332 
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.SBTTL REDCPL -- Read 1/0 completion routine 
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REDCPL is called as a completion routine when a read operation completes. 

Inputs: 

Ri = Address of cache control block. 

EDCPL: MOV RS, -~(SP) 
MOV R1i.;RS iCarry control block address in R5 

If end of file or hardware error was reported by handler. 

terminate the operation. 

MOV CCSOGE(RS),.RO iGet address of original I/0 queve element 
MOV Q. CSWCRO), RO iGet address of channel block 

BIT #<CSSEOF 'CS#ERR>. C. CSW(RO) iEnd of File or error? 

BNE Bs iBr if yes 

Move each block of data that was read from user’s buffer to cache buffer 

$: CALL CSHUP iMove data from user’s buffer to cache 

Finished with operation 

$: CALL CSHF IN iFinished with entire operation 

Finished 

CLR TOQOUT iSay we have finished with secondary queue 
MOV (SP)+,R5 
RETURN 

m
m
.



M
i
,
 

TSCASH -- TSX-Plus Data Caching MACRO VO5.04 Friday 18-Dec-87 12:00 Page 6 
CSHWRT --- Write request 

1 .SBTTL CSHWRT ~- Write request 
my ME ee re cree antes catee meee rate atten at ote eee sate tate nes inet at ins en sages nie seins mie sents tetre Gee Gt nen San eine setts tens anime anata cee crue ste ete: nee tne quan etn ser Gete sane come caw seree mie mene rome fonbe sone came Ser” Gann cone SORE OAR Sone Sine even aeen mist ent erm mnie Mint ene AnoE She Mims mete aaee ene 

3 i Process a write request to a cached device. 
4 s This involves moving the data being written from the user’s buffer 
2 i into the cache buffers. 
é F 
7 i Inputs: 

8 i RS = Pointer to cache contral block. 
9 3 

10 000470 O1014& CSHWRT: MOV Ri,-(SP) 
il i 

iz i Get and setup a free I/G queve element 
13 3 
14 000472 004767 002672 CALL CSHGTR iGet a free 1/0 queve element 

15 000476 005461 9000006 NEG @. WCNT (RI) iNegative word count ==> write operation 
16 0090502 . ADDR #WRTCPL, RO ;Get address of 1/0 completion routine 

17 000510 010061 O00000¢ MOV RO, @. COMPC(RI) ;Set address of I/0 completion routine 
18 i 
19 i Start the I/O operation 
20 i 

ei 000514 112765 000200 0000006 MOVB #200, CCOWFL(RS) iGSet flag saying I/O in progress 
ee 000522 004737 0000006 CALL @#SYQIO iInitiate the I/0 operation 
a3 i 

24} ; Count the total number of blecks that are being written 

ao 3 
26 000526 012700 oO00001 MOY #1,R0 ;Count 1 more write cperation 
27 000532 0041467 002742 JSR Ri. CSHCNT iUpdate statistics counter 
28 000536 000000¢ . WORD CASTWO iCaount 1 more write operation 
29 0005840 016500 000000¢ MOV CCEWCOT (RS). RO iGet total word count 
30 000544 062700 000377 ADD #255. .R0 iRound up to block size 
31 000550 000300 SWAB RO iConvert to # blocks 
32 000552 042700 177400 Bic #°C377, RO iClear all but low byte 
33 009556 004167 002716 JSR Ri, CSHCNT iUpdate statistics counter 
34 000562 0000006 . WORD CASTBW i Total number of blocks written 
30 3 

ne fn) ; Now, while the device I/0 transfer is taking place, move the data 

3? 3 being written from the user’s buffer into the cache buffers. 

33 i 

3? i Build empty cache table entries for all blocks being written. 

AY i 
41 000564 004767 000564 CALL CSHBLD iBuild empty cache table descriptors 
4a 3 

43 ; Move the data from the user‘’s buffer into the cache 

44 3 

45 000570 004767 000044 CALL CSHUP iMove data into cache 
4& i 
47 i; Gee if 1/0 write operation finished before our data move 
48 3 

49 000574 106369 9000006 ASLB CCEWFL ORS) iHas the I/O operation already finished? 
SO 000600 103402 BCS 9 iBr if net -- Wait for it to finish 
od F 

we i I/O operation has already finished. That means the overall operation 
53 3 is now finished. 

04 i 

55 000602 004767 002540 CALL CSHFIN iSay operation is complete 
eT i 

o? ; Finished 

m
m
.
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CSHWRT -- Write request 

38 i 
59 0006065 012601 6: 
40 000610 000207 

Friday 18-Dec-87 12:00 

MOV (SP)+,Ri 
RETURN 

Page 6-1
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WRICPL -- Write aperation completion routine 

1 .SRBTTL WRICPL -~- Write operation campletion routine 
a 5 TT some ee ene state cers seem sane enue snsne ten ovets cones mt se eam coun: stmt seve ssnus eres Sere sores erty Femat see emnee sutee trie MOTH mete sone honed seLes Sane Gants tener HIS Oate Sth cimes Mt feueh imewe uewe Sent wesct fOr Sane chant Gem setin Sans Stuer cnses sean Somte rate wees SETS aver arace con covet seve exten ateee same ceene snus ci=ss seme seuss nome 

3 i Completion routine called when the write I/O operation is finished. 
4 i 
a) 3 Inputs: 

& 3 Ri = Pointer to cache control block. 

7 ; 

8 000612 010544 WRTCPL =: MOV RS, -(SP) 
9 000614 O10105 MOV R1i.;R5S iCarry control block pointer in R5 

10 3 

ii ; See if data transfer to cache has already finished 
12 i 
13 000616 1063655 9000000G ASLB CCEWFL CRS) iHas data transfer to cache already finished? 
14 000622 103402 BCS ok) iBr if not 
15 F 

146 i Data transfer to cache beat us. 

i? i The overall operation is now complete. 
ig 3 
19 000624 004767 002516 CALL CSHFIN iFinished operation 
2 ; 

ai i Finished 

2m i 

23 000630 005067 177162 9S: CLR TOQ0UT iSay finished with seconary I/O queve element 
24 000634 012605 MOV (SP)+,R5 
29 0006396 000207 RETURN 

m
a
,
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CSHUP 
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000640 
000642 

0090644 
000650 
000654 
000656 

000562 
000666 

009670 

000674 
000702 

000704 
Q009710 
000714 

OOO716 

000722 
000726 
000734 
000740 

000742 
000744 
000746 

Update cache 

010144 
010245 

016502 
020227 
101402 
O12702 

004767 
103419 

004767 

010211 

O12700 
004167 
OO0000¢ 

004767 

0052465 
062769 
160265 
001341 

012602! 
O12601 
000207 

with fresh data 

0000006 
000400 

000400 

000736 

000256 

000001 
002564 

002664 

0000008 
OO001O 9000006 
OO0000¢G 

etme eanee 

; Inputs: 

3 RO = Pointer to cache control block. 

CSHUP: MOV R1,-(SP) 

MoV Re, -{(SP) 

i Determine how many words are being moved this time 

ra MOV CCEWOT(RS), Re iGet remaining word count 

CMP R22, #256. iMore than a block left? 

BLOS 3H iBr aif not 

MOV #256.,.R2 iMove a block this time 

3 See if there is a cache table entry for the next block 

ne CALL CSHLOC iIs there a cache entry for the block? 
BCS 1s iBr aif net -- Don’t move the data into cache 

3 Move a block of data from user’s buffer to cache buffer 

CALL WTMOVE iMove data from user’s buffer to cache buffer 

3 Set word count for bleck in cache control table 

MAP TO CASWCT iMap to word count table 
MOV Re, (Ri) ;Set word count for this block 

3 Count number of blocks of data that are moved into cache 

MOV #1,RO ;Qne more block moved into cache 

JSR Ri, CSHCNT iUpdate statistics counter 
. WORD CASCUP iNumber of blocks moved into cache 

i See if the job scheduler needs to be called to give someone else a 
; chance to run 

CALL CSHSCH iSee if job scheduler needs to be called 

i Advance block number, buffer address, and decrement remaining word count. 

1s: INC CCéBLK (RS) iIncrement block number 

ADD #8.,CCHUBP(RS) iAdvance buffer address 
SUB Ra. CCEWCT CRS) iReduce remaining word count 
BNE oF sLoop if more left to move 

.SRBTTL CSHUP -~ Update cache with fresh data 

CSHUP is called to move data from the user’s buffer into the cache. 

Finished 

MOK (SP)+, Re 
MOV (SP)+,R1 
RETURN 

m™
/,
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RDMOVE ~- Move data from cache to user’s buffer 

1 .SBTTL RDMOVE --— Move data from cache to user’s buffer 
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3 i RDMOVE is called to mave up to a block of data from a cache buffer 
4 ; to the user’s buffer. 
a 3 

& j Inputs: 
7 3 RO = Pointer to cache control block. 
a ; 

9 000750 010244 RDMOVE: Mav Re, -~(SP) 
190 000752 010444 MoV R4,-(SP) 
11 000754 010544 MOV RS, - (SP) 
12 000756 010502 MOV RS,R2 iCarry control block pointer in R2 
13 ; 

14 i Enter sustem state so we can use PARS and PARS to map to the cache 
1S ; and user buffers. 
14 i 
17 9000760 . ADDR #9, RO iGo to 9% on exit from system state 
18 000765 004737 9o000006 CALL @#ENSYS iEnter system state 
19 000772 90000006 . WORD FPéMOV i5et fork priority for ENSYS 
2) ; 

ai i We are now running in sustem state on the interrupt stack. 
ao i Kernel PARS and PARS are free. 
23 i Setup buffer pointers. 
a4 ; 

29 000774 O16237 oO000008 o000006 MOY CCSUBP (R22), @HKPARS i Set PAR base for user’s buffer 
26 001002 016237 0000006 o00000G MOV CCSCBP (R22), @RKPARG ; Set PAR base for cache buffer 
27 001010 012704 9000006 MOV #VPARS, R4 iGet virtual address base for user’s buffer 
28 001014 066204 0000006 ADD CCSUBO(RZ),. R4 iAdd offset within 64-byte block region 
2? 001020 012705 0000006 MOV #VPARS6, RS iGet virtual address base for cache buffer 
30 j 

ol 3 Get number of words to move 
a ; 
33 001024 016200 0000006 MOV CCEWCT(RE). RO Get total remaining word count 
34 001030 020027 000400 CMP RO, #256. iMore than a block wanted? 
35 001034 101402 BLOS 54 iBr if not 
34 001036 012700 000400 MOV #256.,RO0 iMove 1 block this time 
of 3 

38 i Move as many blocks of 14 words as possible 
Mie i 
40 001042 010002 ot MOV RO, R2 iGet total number of words to move 
41 001044 O72227 177774 ASH #-4,R2 iCompute # blocks of 16 words to move 
42 001050 001421 BEG rok: J iBr if less than 146 words need to be moved 
43 001052 012524 78: MoV (RS)+, (R4) + iMove 1 
44 001054 012524 MOV (R5)+, (R4)+ iMove 2 
45 001056 oO12524 MOV (R5)+, (R4)+ iMove 3 
44 001060 012524 MOV (R5)+, (R4)+ iMove 4 
47 001062 012524 MoV (R5)+. (R4) + iMove 5 
48 001064 012524 MOV (RS)+, (R4)+ iMove 6 
49 001066 012524 MEV {(RSd+,. (R4)+ iMave 7 
20D 001070 012524 MoV (RS5)+, (RA) + iMove 8 
91 001072 012524 MER (R5)+, (Ra) + iMove 9 
ve 001074 O12524 MCV (R5d+. (R44) + iMove 10 
23 001076 012524 MOV (RSd+, (R4) + iMove iil 
94 001100 O12524 MOV (RS)+. (R4) + iMove 12 
99 001102 012524 MOV (R5d+,. (R44 iMove 13 
24 001104 012524 MoV (RS)+, (R4) + iMave 14 
Y? OOf1106 O12524 MOV (R5S)+, (R4)+ iMove 15
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data from cache ta user’s buffer RDMOVE -~ Move 

08 
29 
40 
é1 
62 
63 
& 44 
69 
66 
67 
68 
69 
70 
71 
Fe 
73 
74 
70 
76 
7? 
78 
79 
80 
81 
Bi2 
83 

001110 
OO01l1l12 

001114 
OO1120 
OOL1l22 
O01124 
001126 
001130 
001132 
O01134 
001136 

001140 

001142 
001144 
001146 
001150 

012524 
O7 7eal 

042700 
001407 
006200 
0014023 
O12924 
012524 
077003 
103001 
011514 

000207 

O12605 
012604 
O1260-? 
000207 

177760 

Friday 18-Dec-87 12:00 Page 9-1 

MoV (R5)+. (R4)+ iMave 16 

SOB R2, 7$ iLoop if more blocks of 16 left to move 

Now move any residual words (less than 16) 

Bc #°C17;RO iAny words left to mave? 

GEG 44 iBr if not 

ASR RO ;Get number of doublewords to move 

BEQ 3S ;Br if less than 2 words to move 

MOV (R5)+, (R40 + iMove a word 

MOV (RS5)+. (R4)+ iMove second word of pair 

SOB RO, 2% isLoop if more doublewords left to move 

BCC 44 ;Br if don’t have odd word left te move 

MOV (R5), (R4) i;Move last word 

Finished moving data. 

Exit from system state (ga to 9%) 

RETURN ;Exit from system state -- go to 9 

Finished 

MOV (SP)+,R5 
MOV (SP)+, R4 
MOV (SP )+, Re 
RETURN
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WIMOVE -- Move data from user’s buffer to cache 

1 .SBTTL WTMOVE -- Move data from user’s buffer to cache 
a J coe come tee en ne re ene ers ment etn se set enn at: ses rth mt etm On ee fn ts. pan st sn eS fee tat anaes sets ene sah Sut et mee rt Semen He ep tnt suet watt eet stents ets Ges ces sins tet extern suse sun sea vs eens wee 

3 i WIMOVE is called to move a block of data from the user’s buffer into 
4 i &@ cache buffer. 
5 3 

& ; Inputs: 
7 ; RO = Pointer to cache contrel block. 
a 3 
9 001152 010244 WIMOVE: Mev R22, —-(SP) 

10 001154 010444 MOV R4, —-(SP) 
11 001154 010544 MOV R35, -(SP) 
12 0011650 610502 MOV RS,R2 iCarry control bleck pointer in R2 
13 3 
14 i Enter system state so we can use PARS and PAR6 to map to the cache 
15 i and user buffers. 
14 3 
17 001162 . ADDR #94, RO iGo to 9% on exit from system state 
18 001170 004737 90000008 CALL @#ENSYS sEnter system state 
19 001174 oo0cocde . WORD FPéMOV iSet fork priority level 
a2 i 

eal + We are now running in system state on the interrupt stack. on j Kernel PARS and PARS are free. 
ae ; Setup buffer pointers. 
4} 3 
2) 001176 016237 dO000008 aoDD00E MoV CCSUBP (R22). @HKPARS ;:Set PAR base for user’s buffer 
26 001204 016237 0000006 O000006 MOV CCSCBP (R22), GHKPARG i Set PAR base for cache buffer 
@e/ 001212 012704 do000006 MOV #VPARS5, R4 iGet virtual address base for user’s buffer 
28 001216 066204 0000006 ADD CCS$UBOCR2), R4 iAdd offset within 64—byte block region 
2? OO01222 012705 o000006 MOV #VPARS6, RS iGet virtual address base for cache buffer 
30 ; 

i 3 Get number of words to move 
ae 3 
33 001226 0146200 0000006 MOV CCEWOT (RA). RO iGet total remaining word count 
34 001232 020027 000400 CMP RO, #256. iMore than a block wanted? 
359 001236 101402 BLOS 5 iBr if not 
36 0012490 012700 000400 MOV #256. ,R0 iMove 1 block this time 
a? ; 

38 *# Move as many blocks of 16 words as possible 
39 ; 

40 001244 oy ooey a MOV RO, R2 iGet total number of words to move 
41 001246 07222 177774 ASH #-4,R2 iGet # blocks of 16 words to move 
42 001252 001421 BEG oF iBr if less than 16 words need to be moved 
43 001254 012425 7: MOV (R4)+, (R5)+ iMove 1 
44 001254 012425 MOV (R4) +, (RSd+ iMove 2 
45 001260 012425 MOV (R4)+, (R5)+ iMove 3 
46 001262 012425 MOV (R4)+, (RS) + iMave 4 
47 001264 Oe aae MOV (R4)4, (R45) + iMove 5 
48 001265 01242 MOV (R4)+, (RE) + iMove 6 
49 001270 o1b4DS MOV {(R4)+, (RO) + iMove 7 
20 OO1272 012425 MEK (R4)+¢+, (RO)+ iMove 8 
91 9001274 012425 MOV (R4)+, (R5)+ iMove 9 
ve 001276 012425 MGV (R4)+, (R5)+ iMave 10 
23 OO1300 012425 MOV (R4)+4+, (R5)+ iMove ii 
24 001302 012425 MOV (R4)+, (R5)+ iMove i2 
99 001304 nieee? MOV (R4)+4+, (R5) + iMove 13 
26 OO1306 O1242 MOV (R4)+, (RB) + iMave 14 
97 O0O1310 012425 MOV (R4)+, (RB) + iMove 15
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WIMOVE -~- Move 

58 001312 012420 

59 001314 07722) 

40 

61 

62 

63 001316 9042700 

64 001322 001407 

65 001924 006200 

66 001326 001403 

67 001330 012429 

68 001332 012429 

67 0013934 077003 

7O 0013346 103001 

71 001340 O1141%5 

72 

73 

74 

73 

76 001342 900207 

77 

78 

79 

80 001344 012605 

81 001345 012604 

B2 001350 912602 

83 001352 000207 

177760 

Data Caching MACRO VOS5. 04 

data from user’s buffer ta cache 

Now move any 

es: 

3: 

ee
 

fe
e 

b 
e
e
 

C
e
 

oT
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MOV 
SOB 

BIc 
BEG 
ASR 
BEQ 
MOV 
MOV 
SOB 
BCC 
MOV 

(R4) 4, (RS) + 
Ra. 7% 

remaining words 

#°C17,RO 
AS 
RO 
3% 
(R4)+, (R5)+ 
(R4)+, (R5)+ 
RO, 2% 
4% 
(R4), (R5) 

Finished moving data. 
Exit fram system state (go to 9%) 

RETURN 

Finished 

MOV 
MOV 
MOV 
RETURN 

(SP)+,.R5 
(SP)+,R4 
(SP)+,.Re2 

Page 10-1 

iMove 16 

iLoop if more blocks of 16 to move 

{less than 16) 

iAny words left to move? 
iBr if not 

;Get number of doublewords to move 

iBr if less than 2 words ta move 

i Move a word 

iMove second word of pair 
iLoop if more doublewords left to move 
iBr if don‘t have odd word left to move 

i Move last word 

;Exit from system state -- go to 9%
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CSHBLD -- Build empty cache descriptors for new entries 

1 .SBTTL CSHBLD -- Build empty cache descriptors for new entries 
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3 i CSHBLD is called when we need to move new data into the cache. 
4 i It buiids cache block descriptors for all blocks that will be added 
2 i to the cache and marks the descriptors as empty (CC#WCT=0). 
& i 
7 i Inputs: 
8 5 RO = Pointer to cache control block. 
9 j 

10 001354 010144 CSHBLD: MOV Ri, -(SP) 
11 001356 010445 Moy R4,-(SP) 
12 001360 016545 0000006 MOV CC#BLKA(RS),.-(SP)iSave starting block number 
13 001364 016504 0000006 MOV CCEWCT(RS),. R4 Get total word caunt 
14 3 

13 +; Begin loop to build an entry for each block. 
16 is See if there is already an entry for the next block. 
17 3 

18 001370 004767 900230 1 CALL CSHLOC iIs there an entry for the next block? 

19 001374 10340? BCS 3S iBr aif nat 
at) F 

ai i An entry already exists for the next block. 
are i Mark the entry as emptu. 
2. 3 

24 001376 MAP TO CASWCT iMap to word count table 

2s 001404 OoS50I11 CLR (Ri) iSay entry is empty 
2d 3 

a7 i Move this cache block to the head of the LRU chain 
a i (That is. make it the most recently used) 

29 ; 
30 0014045 004767 9003460 ALL CSHUSE iMake this block be the most recently used 
gi 001412 9000427 BR 2 
ge F 

33 i; There is not an existing entry for this block. 
34 i See if we can get a free cache block entry. 
39 i 

36 001414 004767 0012264 eS CALL CSHGET iTry to get a free cache block entry 
37 001420 103004 BCC oF iBr if we got a free entry 
38 i 

39 i There are no free cache bleck entries. 
40 3 Get the least-recently-used entry and use it. 

41 i 

42 001422 O13701 0000006 MOV @H#CSHLRU, Ri iGet pointer to least-recently-used entry 
43 0014265 004767 001006 CALL. CSHREM iRemove that entry from all lists 
44 3 
45 i Set up descriptive information about this entry 
4& i 

47 001432 wv MAP TO CASBLIK iPoint to block number table 
48 001440 O16511 o000006 MOV CC#BLK(RS), (RI) ; Set block number 
49 001444 MAP TO CASDVU iMap to device & unit number table 
90 001452 O146511 0000000 MOV CCSDVUCRS), (R11) 3; Set device and unit number 
91 001456 MAP TO CABWC T iMap to word count table 
92 001464 005013 CLR (Ri) iSay entry is empty 
23 F 
54 i Add new entry to lists 
re Be) i 

001466 004767 900434 CALL CSHADD isAdd new cache entry to appropriate lists
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CSHBLD -- Build empty cache descriptors for new entries 

28 3 Advance 

Whe d i 

60 001472 9052695 0000000 a: INC 
61 001476 010400 MOV 
62 001500 O20027 000400 CMP 

63 001504 101402 BLOS 
64 001306 O12700 000400 MOV 

63 O001512 140004 AS: SUB 
64 001514 001325 GNE 
&7 i 
68 i Finished 
49 ; 
790 001516 012665959 0000006 MoV 

7i 0013522 0124604 Moy 
7a O01524 O12601 MOV 

73 0013526 000207 RETURN 

Friday 18-Dec~87 12:00 Page li-1 

block number and see if there are more entries to build 

i Increment block number 

R4,RO0 iGet remaining word count 

RO, #256. iMore than a block? 

46 iBr if not 

CCEBLK CRD) 

#256. ,.RO i# words moved this time 

RO, R4 iNeed to build more entries? 

is iBr if yes 

(SP)+, CC#BLK(RS); Restore original block number 

(SP)+,R4 
(SP)+,R1



TSCASH ~-- TSX-Plus 

CSHCLN -- Remove all entries for a 

1 

me 

3 
4 

5 

& 

7 

8 

7 001530 010146 

10 001532 010244 

11 001534 06137465 9000000 

ie 

13 

14 

15 OO1540 oO05737 0000006 

16 001544 oOo1422 

17 

18 

19 

20 001546 O13701 9000000¢ 

21 001552 Oo1417 

eas 

2a 

24 

29 0013554 

26 001562 011102 

27 001564 

28 001572 O20311 

29 001574 001004 

30 

ai 
3 

aa 

34 001575 004767 000436 

ao 

3 

a7 

38 001602 004767 001070 

39 

4Q 

44 

42 001605 O10201 

43 001610 001341 

44 

45 

AS 

47 001612 O12637 0000000 

48 001615 012607 

49 001620 012601 

5O 001622 Q00207 

Data Caching MACRO VO5. O4 Friday 18-Dec-87 12:00 
specified device 

3 

3 

CSHCIN: 

we
 

we
 

lw
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.SBTTL CSHCLN -~ Remove all entries for a specified device 
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CSHCLN is called tea remove from the cache all entries for a specified 

device. 

Inputs: 

RO = Unit # (high byte), 

MOV Ri, -(SP) 

MOV Re, -(SP) 

MOV GHKPARS, —( SP) 

Determine if 

TST G#YVCSHNB 
SEQ ee 

Begin search through List of 

MOV @#HCSHLRU, RI 
BEG i 

See af this entry is for 

MAP TO CASUBL 
MOV (R1),Re 
MAP TO CASDVU 
CMP R3. (Ri) 
BNE 2S 

We found an entry that needs 
Remove it from all lists. 

CALL CSHREM 

Put entry on the free list. 

CALL CSHFRE 

Check next entry 

MOV Ra, Ri 
BNE 1 

Finished 

MOV (SP )+, @RAPARS 
MOV (SP)+, Re 
MOV (SP)+,R1 
RETURN 

device # (low byte) 

iSave system overlay mapping status 

caching has been disabled 

iAre there any active cache buffers? 
iBr aif not 

all cache entries. 

iPoint to least-recently-used entry 
iBr if no entries on use list 

a block on specified device 

iMap to backward link 

iGet pointer to next entry to check 
iMap to device & unit # table 
iIs this entry for specified device? 
iBr aif not 

to be deallocated. 

iRemove entry from all lists 

iPut entry on the free list 

Get pointer to next entry to check 
iBr aif there is another to check 

iRestore system overlay mapping status
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CSHLOC -~- Determine if entry exists 

i 

ad 

3 

4 

5 

& 

7 

8 
9 

10 

it 

te 

13 

14 

15 

16 

17 001624 010246 

18 001626 0610344 

19 

20 

mi 

22 001630 016503 0000006 

23 001634 005007 

24 001636 O71237 000000G 

25 001642 006304 

26 001644 0462703 000000¢ 

27 

2s 

a> 

30 001650 016502 0000000 

31 001654 016500 O000000¢ 

B32 0016460 

33 001665 O1130% 

34 001670 001434 

39 001672 

34 OO1700 O20211 

B37 001702 101004 

38 001704 103426 

39 001706 

40 001714 oO20013 

41 001716 001404 

42 001720 

43 001726 011101 

44 001730 001360 

45 001732 000412 

Ad 

47 

48 

AG 

90 001734 010103 

51 001736 1162703 900000¢ 

Se 001742 Page? Q00002 

33 001746 063703 000000€ 

54 0017352 0103455 QO000000 

99 OO1756 000241 

96 001760 00040] 

a? 

Data Caching MACRO VOd. 04 
an cache table 

. SRTTL 

Determine if an entry 
apecified device. on a 

Inputs: 

Friday 18-Dec-87 12: 00 Page 13 

CSHLOC -~- Determine if entry exists in cache table 
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exists in the cache for a specified block 

RS = Pointer to cache contrel black. 

3 COBBLKACRS) 
3 COPDVUCRS) 

Outputs: 

C-filag cleared 

G-Flag set 

Block number. 

Device and unit numbers. 

se Pound entry. 

==> No entry for block in cache. 
Ri = Cache table index. 

; CC$CBP CRS) 

CSHLOC: MOV 
MOV 

3 cCampute hash 

MOV 
CLR 
DIV 
ASL 
ADD 

3 Search hash list for the 

MOV 

MOV 

MAP TO 

MOV 

BEG 

is: MAP TO 

CMP 

BHI 

BLO 

MAP TO 

CMP 

BEQ 

ah: MAP TO 

MOV 

BNE 

BR 

64—-byte par affset to start of cache buffer. 

Ra. -(SP) 
R3,—- (CSP ) 

head index fer this block 

CC#BLKCRS). RG ;Get block number 

Re iClear for divide 

@#HVCSHNEB, R2 iGet block number mod number of hash heads 

RG iConvert remainder to word table index 

#VPARS, R&B ;Add virtual address base 

specified block 

CC$BLKAC(RS), Re 
CCSEDVUCRG). RO 

iGet requested block number 
iGet device & unit number 

CASHSH iMap to hash list heads 

(RB), RI iGet pointer to ist entry on hash list 
8s iBr if no entries on this hash list 

CASBLK iMap to block number entries 

Re, (Ri) iIs entry for desired block? 

a iNe, but there may be more entries 

8s iNo. entry is not on the list 

CASDVY iMap to device and unit numbers 

RO, (Ri) iIs this entry for correct device? 

3S iBr if yes -~ We found the entry 
CABHF I. iMap to hash forward links 

(Rid, Ri sGet pointer to following entry 
1$ iLoop if there is another entry 
8% iEntry does not exist 

3 We found the entry. 

i Set up 

36: MOV 
SUB 
ASH 
ADD 
MOV 

CLG 
BR 

information about this entry 

R1,R3 iGet address of entry 
#VPARS, RG iSubtract address bias 

#2,R3 iCompute corresponding buffer 64-byte # 

@#CSHBFP, R3 
RO. CCSCBP CRD) 

iAdd base 64-byte block # of buffer area 
iSave 64-byte pointer to cache buffer base 

iSignal success an return 

9S
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~- Determine if CSHLOC 

ai 
oo 

001764 
001766 
OO1L7 70 

012603 
012602 
900207 

entry exists in 

Date Caching MACRO VOSS. 04 Friday 
cache tabte 

Ne entry 

SEC 

Finished 

MEIV 
MCN 
RETURN 

18-Dec-87 12:00 

(SP)+,R3 
(SP)+,. Re 

Page 13-1 

exists for this black 

iSignal failure on return
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CSHUSE -- Make cache entry be most-recentliu-used 

1 . SBTTL 
2 

3 3 

4 3 

oD j 

& i Inputs: 
7 j Ri 

£3 3 

9 OO1772 O10245 CSHUSE: MOV 

10 001774 010344 MCV 

il i 

ie i See if entry 
13 i 

14 001776 O20137 9000000¢ CMP 

15 002002 001446 BEQ 

16 i 

17 i Remove entry 
18 i 

19 002004 MAP TO 

20 002012 0111063 MOV 

ei OO2014 MAP TO 

ee OO2022 O11102 MOV 

23 002024 0010023 BNE 
24 002026 O10337 0000006 MOY 

2o OO2082 000404 BR 

26 002034 is: MAP TO 

27 002042 O10312 MOV 

28 0020449 O057032 ab: TST 

29 002046 001003 BNE 

30 002050 019237 0000006 MOV 

Si 002054 000404 BR 

ge OOL056 os: MAP TO 

33 002064 010213 MOV 

34 3 

39 i Add entry ta 
36 i 

3? 002066 013702 O00000¢ 4: MOV 

38 002072 MAP TO 

397 002100 O1O1Li2 MOV 

49 002102 O05011 CLR 

41 002104 MAP TO 

42 002112 O10211 MOV 

43 002114 O10137 90000006 MV 

44 3 

45 3 Finished 

44 i 

47 002120 012403 oS: MoV 

48 002122 0126602 MOV 

49 9002124 000207 RETURN 
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CSHUSE —-- Make cache entry be most-recently-used 
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CSHUSE is called to make a specified cache entry be the 

most recentiy used entry. 

- Cache entry to be made 

R22, ~{ SP) 
RG. -<{SP) 

already is most 

Ri. @#CSHMRU 
a 

from LRU List 

CASUFL 
(R1ILR3 
CASUBL 
(R1i).Re 
1$ 
R3. @RCSHMRYU 
ee 
CASUFL. 
R3, (Re) 
R3 
3H 
Re, @#CSHLRY 
AS 
CASUBL 
Re. (RY) 

end of LRU list 

@#CSHMRU, Ret 
CASUBL 
Ri. (R22) 
(R1) 
CASUFL 
Re, (Ri) 
Ri. @#HCSHMRU 

(SP)+,.R3 
(SP)+,R2 

most-recentiy-used. 

recentlu used 

iIs entry already most recently used? 

iBr af yes 

iMap to LRU forward link 
sGet pointer to entry that follows us 

i}Map to LRU backward link 
iGet pointer to entry that precedes us 
iBr if we are not at the head of the list 

iSay following entry is now head of list 

iMap to LRU forward link 
iMake previous entry point to following entry 
iIs there a following entry? 
iBr af yes 

i;Say previous entry is now last entry in list 

iMap to LRU backward link 

iMake following entry point to previous entry 

iGet index to current MRU entry 
iMap to blackward link table 

iMake previous MRU entry point back to us 
iMake our backward link O 
iMap to forward link table 

iMake us point to previous MRU entry 

;S5ay we are MRU entry 

s
m
.
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CSHADD --- Add cache table entry to appropriate lists 

1 .SBTTL CSHADD -~- Add cache table entry to appropriate lists 
ae) 5 Te er eee mete saree es aesat aret canes ones saver comet ant sanes see stant tet sium She enst- cones tents ses setae fear seuue cunts orem Stent sures ent She wants ews snemr Guten mone cemun anes mine soem came ete ene Guten stte Yount een Getty COREE nent Seng nent tense feu sestD cones Stowe Gombe Arm MAN gene nner sede sémey sctah Sen=P HORE ceEeD Henne este nines Arie east come 

3 ; CSHADD is called to add a new cache table entry to the LRU and Hash lists. 
4 ; The entry is placed at the head of the LRU list and is placed on the 
0 $} appropriate hash list based on its block number. 
& 5 

7 002126 010246 CSHADD: MOV R22, -~(SP) 
B 002130 010344 MOV R3, -(SP) 
9 002132 010444 MOV R4,-(SP) 

10 i 

ii ; Add entry to end of LRU list 

12 ; (That is, make it the most recentiy used entry) 

13 F 

14 002134 O13702 O000000¢ MOV @#CSHMRY, R2 iGet index to current MRU entry 
15 002140 001414 BEG 4% iBr aif list is empty 
16 002142 MAP TO CASUBL iMap to blackward link table 
17 002150 010112 MOV Ri. (Re) iMake previous MRU entry point back to us 
18 002152 005011 CLR (Ri) iMake our backward link 0 
19 002154 MAP TO CASUFL iMap to forward link table 
20 002162 O10211 MOV Re, (R1) iMake us point to previous MRU entry 
2i 002164 O10137 9O00000¢ MOV Ri, @ROSHMRY ;Say we are MRU entry 
ae 002170 oO00414 BR Oe 
id 3 

24 i We are the only entry an the LRU list 
ea) i 

26 002172 O10137 O000006 AG: MOV Ri, @#CSHMRU i;Say we are the most recently used entry 
a7 002175 O10137 0000006 MOV Ri. @HCSHLRU iAnd the least recently used entry 
28 002202 MAP TO CASUFL iMap to forward link list 
29 O02210 O0S5011 CLR (R11) iNo forward link for us 
30 002212 MAP TO CASUBL iMap to backward link list 
Bi 002220 O05011 CLR (Ri) iNo backward link for us 
oe i 

33 i; Now add entry to the appropriate hash list based on the block number. 
34 i 

35 002222 OB: MAP TO CASBLK iMap to block # table 
346 002230 O111023 MCV (R1),R3 iGet block # of this entry 
37 002232 005007 CLR Re iClear for divide 
38 002234 O71237 0000006 DIV @#VCSHNB, R2 iMake block # mod number of list heads 
39 002240 0063075 ASL. RB iConvert remainder to word table index 
40 002242 062703 9000006 ADD #HVPARS, R3 iAL1 addresses are relative to pars 
41 002246 MAP TO CASHSH iMap to hash list heads 
42 002254 01130: MOV (R3),R2 sGet current entry at front of list 
43 002256 001012 BNE is iBr if list has some entry 
La} i 
45 i The hash List is currently empty. 
4d i Make our item be only entry on list. 
47 i 
48 002260 O1L0R19 MoV Ri, (RB) iMake hash list head point to us 
49 002262 MAP TO CASHFL >Map to hash forward link table 
90 002270 O0OS5011 CLR (Ri) ;Say we are last entry on list 
21 002272 MAP TO CASHBL iMap to hash backward link table 
ve OO2L300 005011 CLF (Ri) iSay we are first entry on list 
23 O02302 000452 BR oS 
wre 

There are some entries on the hash list. 
insert our entry in fraent of ist entry with same or higher block number. 

i ay
 

~~
 

“-
 

to
 

nd
 

a
m
,
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CSHADD -- Add cache table entry to appropriate lists 

58 002304 if: MAP TO CASBLK 

59 002312 O11104 MOV (R1),R4 

60 002314 “eB: MAPTO CASBLEK 

61 002322 020417 CMP R4, (Ro) 

62 002324 101415 BLOS 3H 

63 0023265 010200 MOV Re, RO 

64 002330 MAPTO CASHFL. 

65 002336 011202) MOV (R2),R2 

66 002340 O01360 BNE 2s 

&7 3 

63 i Add our entry toa the 
69 i 

70 Q02342 O10110 MOV Ri, (RO) 

71 002344 O0oOS50i11 CLR (Ri) 

7a 002346 MAP TO CASHBL 

73 002354 O10011 MOV RO, (R11) 

74 0023546 0004241 BR OS 

79 3 

7& i 

77 ; 

78 002360 6: MAP TO CASHFL 

79 002366 O10211 RCH Re, (Ri) 

80 002370 MAP TO CASHBL 

81 002375 O11200 MOV {Re),RO 

B82 002400 O101lif MOV Ri, (Ra) 

B83 002402 O10011 MOV RO, (R1) 

84 002404 001005 BNE Fon: 

BS 002406 MAP TO CASHSH 

86 002414 O10113 Mav Ri. (R3) 

87 O024165 000404 BR Oo 

B88 002420 Os: MAP TO CASHFL 

89 002426 O10110 MOV Ri. (RO) 

90 3 

al 3 Finished 

Prt ; 

93 002430 012604 6 : MOV (SP)+, R4 

94 002432 012603 rcv (SP)+,R9 

95 002434 012602 MoV (SP) +, Ret 

94 002424 000207 RE PURN 

tail of 

iMap to block # table 
iGet our block number 
iMap to block number table 
iSearch for ist entry with same or higher bik 
sBr if found insert point 
iSave address of last entry checked 
iMap to hash forward link 

iGet pointer to next entry on this list 
sLoop if there is another one 

the hash list 

iMake last forward link point to us 
iSay nothing follows us 
iMap to hash backward link table 
;Set pointer to previous entry 

Insert our entry into list in front of entry pointed to by Re. 

iMap to hash forward links 
iRemember which entry follows us 
iMap to hash backward links 
iFind out which entry precedes us 
iMake following entry point back to us 
iSet our backward pointer 
iBr if we are not at head of list 
iMap to hash list head 
iMake list head point to us 

iMap to forward links 

iMake previous entry point to us



TSCASH -~ TSx-Plus 
CSHREM -- Remove cache black entry 

‘2 
3 
44 
o 
é 
? 
8 
9 002440 9010245 

10 002442 0103465 
11 002444 0104465 
ie 
13 
i4 
15 002446 
16 002454 011103 
17 002456 
18 002464 O1110r 
19 002466 001003 
20 002470 010337 0000000 
ei OO2474 000404 
aa Q02476 
a3 002504 O10312 
a4 002506 0059703 
29 002510 001004 . 
ao 002512 010237 0000006 
2? OO2316& 000404 
28 002520 
29 002926 010213 
30 
ai 
a2 
ai 
34 002530 
35 0023536 011100 
35 002540 9005002 
37 002542 O71237 0000000 
38 0025445 006303 
39 002550 O62702 0000006 
40 002554 O10304 
“4 
4 
43 
44 9025356 
45 002364 011103 
4& O02566 
47 002574 O11102 
49 002576 001405 
49 
wo 
oat 
ve OOZ600 
oo 0082606 O10312 
24 O0O2610 O00404 
ea) 

Data Caching MACRO VOS. 04 

from all lists 

.SBTTL 

CSHREM is called ta remove a 

and from the hash list. 

3 Inputs: 

3 Rio = 

CSHREM: MOV 

MOY 

Mov 

3 Remave entry 

MAP TO 

MOV 

MAP TO 

MOV 

BRNE 

MOV 

BR 

14: MAP TO 

Mov 

TST 

BNE 

MOV 

BR 

wb: MAP TO 

MCV 

og: 

i Remove entry 
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CSHREM -- Remove cache block entru from all lists 
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cache block entry from the LRU list 

Index toa cache block entry to be removed. 

Re. -( SP) 
Ro — CSP) 
R4,—-(5P ) 

From LRU list 

CASUFL. iMap to LRU forward link 

(R1),R3 iGet pointer to entry that follows us 
CASUBL iMap to LRU backward link 

(R1),R2 iGet pointer to entry that precedes us 
1¢ iBr if we are not at the head of the list 

R3. GHECSHMRY iSay following entry is now head of list 

a 
CASUFL iMap to LRU forward link 
RG, (Re) iMake previous entry point to following entry 

RS sIs there a following entry? 
3H iBr af yes 
Ra, GHCSHLRU iSay previous entry is now last entry in list 

Ag 
CAPSUBL iMap to LRU backward link 

Re, (Ri) iMake following entry point to previous entry 

from hash list. 

3 Campute the hash table index. 

44; MAP TO 

MOV 

CLF 

DIV 

ASL. 

ADD 

PMV 

j Get our hash 

M4PTO 

MOV 

MAP TO 

MEV 

BEQ 

3 We are not 

CASBLK iMap to block number table 
(R1,.R3 i'Get block number 

Re iClear for divide 

@C#VCSHNBE, Re iGet index modulus number of hash list heads 

R3 iConvert remainder to word table index 

#VPARS, RG iBias by PARS base 
Ro, R4 iSave hash head index 

forward and backward links 

CASHFL iMap to hash forward link 

(R1),R3 iGet pointer to following entry 
CAPSHBL iMap to hash backward link 

(R1d,Re2 iGet pointer to previous entry 
3H iBr if we are at the head of the list 

the ist entry in the list. 

MAP TO CASHFL. iMap to hash forward link 

MOV RG. (Re) iMake previous entry point to following entry 

BR rok) 

We are the ist entry in the list



TSCASH -- TSX-Plus 
CSHREM ~~ Remove cache block entry 

78 002612 
29 002620 010314 
60 
&1 
ard 
63 002622 005705 
64 002624 001404 
65 002626 
66 002634 010213 
&7 
49 
459 
79 002636 012604 
71 002640 012603 
7e 002642 012602 
73 002644 000207 

Data Caching MACRO VO5. 04 
From all lists 

Os: MAP TO 
MOV 

Update entry 

TST 
BEQ 
MAP TO 
MOV 

Finished 

MOV 
MOV 
MOV 
RETURN 

Friday 18-Dec-87 12:00 Page 16-1 

iMap to hash list heads 
iMake hash list head point to following entry 

CASHSH 
RB, (R4) 

that follows us 

R3 iIs there a following entru? 
OS iBr if not 

CASHBL iMap to hash backward link 
Re, (RB) iMake following entry point to preceding entry 

(SP)+, R4 
(SP)+,RG 
(SP)+, R2
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CSHGET -~ Try to get a free cache block entry 

1 .SBTTL CSHGET -~- Try to get a free cache block entry 
4 fre reece me cei nme em men ys my mn et esa am ara ee eee ee emt i ee i 
3 i CSHEET is called to try to get a free cache block entry. 
As ; 

ra) i Outputs: 

& 3 C-flag cleared ==> A free cache block entry was gotten. 
7 ; C-flag set ==> There are no free cache blocks available. 
8 i Ril = Address of free cache block. 
9 i 

10 002644 CSHGE : 
Li i 

i i Get entry off of Front af Free list 
13 ; 

14 002644 O13701 O00000¢ MOV @#CSHFHD, R1 ifs there a free entry? 
15 002652 001407 BEG 8% iBr if not 
16 3 

17 i We got a free entry, remove it from the list. 
ig 3 
19 002654 MAP TO CASUFL iMap to forward link list 
20 002662 O11137 O000006 MOV (Rid, @HCSHFHD sRemove entry from list 
2l 002666 000241 CLC iSignal success on return 
a2 002670 000401 BR |) 
ta i 

a4 i There are no free entries 
ay i 

26 002672 O00261 4s : BEC iSigneal failure on return 
is? 3 
2B > Fanished 
a i 

30 002674 000207 $: RETURN
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CSHFRE ~~ Return a cache block entry to the free list 

1 .SBTTL CSHFRE --~ Return a cache block entry to the free list 
a i gt a a cee see ete, ee ey ste eee snes at Stee ant see reece eet ete Sn Sent ne met snare sane ee tah ee ne ene fens cam tne ne ete eat et enamine nn A nm em nt test Ate enn semester ape ean 

3 i CSHFRE is called te return a cache block entry to the free list. 
4 3 
2 i Inputs: 

S i Ri = Index of cache block entry to be freed. 

7 i 

8 002676 013700 0000006 CSHFRE: May @#CSHFHD, RO iGet pointer to Ist entry on free list now 
9 002702 010137 O00000G MOV Ri, @#CSHFHD iSay we are ist entry on free list 

10 002706 MAP TO CASUFL iMap to forward link list 

11 002714 9010011 MOV RO, (Ri} iMake us point to next entry on free list 
12 002716 000207 RETURN
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CSHTST ~~ Determine if device is mounted 

l .SETTL CSHTST -- Determine if device is mounted 
we fT ee eee ee cree ane sett en tees seus ten anes eg een mete itt tet sees tet Ste eine tans sme ewer Hite Seen Sie tute Coe sem SMe Mutts mine sett een ont sete ety trem crn omen emt etn came ste eet etm tate ott com fuetn Cae Some sete eaten see Sete cite mene Gemt ome ante Ste eon een Seth SnaN Sri tent Oris orne met mae ome 

3 i; CSHYST is called to determine if the device associated with the current 
4 i I/Q operation is mounted and should be cached. 
+] i 

& i Inputs: 

7 i Rl = Pointer to I/O queve element. 
8 i 
9 ; Outputs: 

10 j C-fFlag cleared ==> Device is mounted and should be cached. 
ii ; 

12 002720 010245 CSHTST: MOV Re, ~(SP) 
13 002722 010545 MOV RS, —-(SP) 
14 3 

13 j Get device index number and unit number 

16 i 

17 002724 116100 0000006 MOVB GQ. UNITCRID. RO iGet unit number 
18 002730 O42700 177770 Bic #°C7,RO iClear all but unit number 
19 002734 000300 SWAB RO iPut in high-order byte 
20 002736 116102 0000006 MOVB Q. DEVX(R1), Re iGet device index number 
2l 002742 oO01417 BEG 3s iBr if I/0 operation has been cancelled 
es 3 
a3 i See if this device is eligible for caching 
2 ; 

25 002744 032762 9000008 000000¢G¢ BIT #DX$NCA, DVFLAGIR2Z); Is the no-cache flag set for this device? 
ao O027352 001010 BNE ot iBr if caching not allowed 

2? i 
eG 3 Search table of mounted devices 

2? i 

30 002754 050002 Bis RO. R2 iCombine unit number and device number 

31 002755 013703 O00000¢ MOV @#CSHDEV, RO iPoint to start of table 
S32 002762 020269 9000000 1: CMP Re, CDOSDVUCRD) iIs this entry for this device? 

33 002764 001407 BEQ 2s iBr aif yes -- Device is mounted 
34 002770 062705 0000006 ADD #CDE$SZ,.R5 iPoint to next entry 
35 002774 020537 0000006 CMP RS, C#CSHDVN iChecked all? 
346 003000 103770 BLO 1t iLoop if not 
37 j 

38 i Device is not cached 

39 3 

490 0039002 O00261 a6 : SEC iSignal that device is not mounted 

41 9003004  oO00401 BR rk: 
4i2 3 
43 i Device is mounted 
444. 3 

45 003006 000241 eB: CLC iSignal that device is mounted 
AS i 
47 i Finished 
AQ 3 

49 003010 012405 6 : MOV (SP)+, RS 
5O 003012 012602 MOV {SP)+, Re 
S1 003014 000207 RETURN
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CCBGET -- Get a free cache control block 

1 .SRTTL CCBGET -- Get a free cache control block 
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3 i Get a free cache control block and initialize it with information 
44 j from the I/O queve element. 
a i 

& i Inputs: 
7 i Ri = Pointer to I/0 queue element. 

i 

9 i Dutputs: 

10 3 RS = Pointer to cache control block. 
ii i CO#DVUCRS) = Unit number Chigh byte), device number (low byte). 
le i COSBLACRS) = Starting block number for transfer. 
13 i CCOSOQE(RS) = Address of original I/0 queve element. 
14 i CCSUBP (RS) = 64-byte block number of base of user’s buffer. 
15 F COSUBOC(RS) = Offset within 64-byute block of user’s buffer base. 
16 i CCOWCT(RS) = Total word count. 
17 i 

18 003016 010246 CCBGET: MOV R2, -(SP) 
19 003020 010344 MOV R3,—-(SP) 
20 i 

ai ; See if there is a free cache control block available 
mn i 

at QO3B022 1: DISABL ii; Disable interrupts 
2#* 003030 O13705 o00000¢ MoV @#CCBHD, RS $3316 there a free control block? 
ao 003034 001015 BNE at 53; Br if yes 
2h ; 

2? 3 There are no free cache control blocks. 
2g 3 Suspend job until one becomes available. 
2 i 

39 003036 113705 0000008 MOVB @#CORUSR, RS $3;Get yob index number 
31 003042 052765 0000006 0000006 BIS #$NOABT. LSW9(R5)i;;i Disallow job aborts 
32 003050 012700 0000006 MoV #5¢QCCBE, RO 3; Waiting for cache control block 
33 003054 004737 Q00000¢8 CALL @#OQNSPNX 3; Suspend job till control block freed 
34 003060 042765 0000006 0000006 Bic #ENOABT. LSW9(RS)iReenable job aborts 
359 003066 000755 BR is iGo try again 

3h i 

37 3 There is a free cache control block. 
38 i Claim it for our gob. 
39 3 

490 003970 0165237 0000008 O000006 2 MOV CCSLNK(RS),. @HCCBHDi:; Remove control block from free list 
4 3 

42 i Put cantrol block on list for job so it will be freed if job aborts 
43 i 

44 003076 013765 0000006 0000006 MOV @#JOBCCB, CCHLNK(RS)i;i Add to list for job 
45 003104 010537 0000006 MOV RS. @#JOBCCH ii 
46 003110 005237? o000000G INC @#NPCCB 33; 0ne more pending cache control block 
47 9003114 ENABL. iEnable interrupts 
49 i 

49 i Set up information in control block 

oO i 

vl OO3122 010567 174664 MOY RS, CURCCE iSave address of current control block 
Ye OO3126 O10167 17456462 MOV Ri, IOQIN iSave address of original queve element 
93 003132 010165 OQ00000G MOV Ri, COSOGQECRS) iSave address of original queve element 
94 003136 016165 90000006 SOD000G MOV @. BLAN(R1), CCHBLK(RS) i; Set block number 
Yo 0039144 016100 0000000 MOY Q. WONT(RI), RO iGet word count 
26 OOG1I50 OO2001 RGE 3 iBr if positive 
9/7 003132 005400 NEG RO iGet positive word count 

a
a
,
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COBGET -~ Get a free cache control block 

58 003154 010065 000000¢ ob: MOV RO, CCEWCTCRS) ;>Set word count 

59 003160 116100 9000006 MOVB Q. UNIT(R1), RO iGet unit number 
60 003164 042700 177770 Bic #°C7, RO iClear all but unit number 
61 003170 110065 oO00001¢ MOVE RO, CC$DVU+1I(RS) +; Put unit number in high-order byte 
62 003174 116165 0000008 0000006 MOVB @. DEVX(R1),. CC#DVUC(RS) ; Put device number in low-order byte 
63 003202 016102 0000006 MOV Q@. BUFF (RI),.R2 iGet virtual address of user’s buffer 
64 003206 142702 9000000¢ SUB #VPARS, R2 iRemove virtual address bias 

65 003212 005003 CLR RZ iClear for shift 
65 003214 073227 177772 ASHC #-6. .R2 iConvert address to 64—-byte block number 
67 003220 066102 0000006 ADD Q. PAR(RI), Re sAdd base 64—-byte block number 
68 003224 010265 0000006 MOV Re, CCS$UBP (RDS) +This is the 64-buyte block # of buffer base 
69 003230 000303 SWAB R3 ;Get byte within block to low-order of R3B 
70 003232 072327 177776 ASH #-2,R3 
71 003236 010365 000000¢ MOV R3, CC#UBO(RS) iSave offset within 464-byte block 
7a 3 
73 j Finished 

74 

735 003242 012602 MOV (SP)+,R3 
76 003244 012602 MOV (SP)+,R2 
77 003246 000207 RETURN
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CCBFRE -- Free a cache cantral black 

i .SBTTL CCBFRE -- Free a cache control bliock 

yas BT er me er ee me ts em i eg tne tea mye rr ce ee rm ma ema ry te en ar oc a 

3 i Free a cache control biock. 

4 i 
> 3 Inputs: 

& ; RS = Address of cache control block being freed. 

7 3 

8 003250 CCBFRE: 

9 ; 
10 3 Remove cache control block from active list for this job 

ii 3 

12 003250 O12700 900000C MOV HJOBCCB-CCHSLNK:. RO ; Get dummy pointer to list head 

13 009254 DISABL i533 %% Disable interrupts #+# 

14 003262 26005 O00000¢ if: CMP CCSLNK (RO). RS i331s our block next one in list? 
15 003266 001407 BEQ as i33Br if yes 
16 003270 014000 0000006 MOV CCELNK CRO), RO isiLink forward to next block 
17 003274 000772 GR 1t bai 
18 003276 016560 O000006 9000006 24: MOV CCELNK(RS), CCHLNK(RO):;; Remove block from list 
19 9003304 005337 0000006 DEC @#NPCCB 33;Qne less pending cache control block 
20 ; 

= ; Put control block on free list 
tee ; 

23 003310 013765 0000008 9000006 MOV @#CCBHD, CCSLNK(RS)::; Put control block on free list 
24 003316 O10537 0000006 MOV RS, @HCCBHD bai 
eu O03322 ENABL i3;Enable interrupts 
26 003330 005067 174456 CLR CURCCB ;Say no longer using this control block 

a? 3 

ao i Restart any jobs that are waiting for a control block 
a2? i 

30 003334 012700 0000006 MOV #S5$QCCB, RO iGet wait state code 
31 003340 004737 0000006 CALL. @#UREGO ;Restart any waiting jobs 
wee ; 

a3 i Finished 
4 i 

35 003344 000207 RETURN



ai
m,
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CGHFIN -~- Completion of a mapped 1/0 operation 

i .SBTTL CSHFIN -- Completion of a mapped I/0 operation 

ce J ee ee ce eee a cc ee tn tm it rm re ee ea em ee ese em eee mae may ae rer nce rm rr em te ee cn ce 

a ; CSHEIN is called when a cached data transfer is completed. 

4 F 
e) i Inputs: 
& i ROS = Address of cache control block. 

7 i 
8 003346 010444 CSHFIN: MOV R4,-(SP) 
9 ; 

10 i Get the address of the original I/0 queve element 

11 i 

12 003350 0616504 90000006 MOV CCSOQE(RS),R4 ;Get address of original queve element 

13 3 

14 3 Free the cache control block 

15 ; 

16 003354 0047467? 177670 CALL CCBFRE iFree the cache control block 

17 3 

18 ; Do I/O completion for the orignal queve element 

19 3 

20 003360 004737 90000006 CALL @#TOCMPL iDo 1/0 completion 

ai i 

ee i Finished 
eit 3 

24 0603364 012604 MOV (SP)+,R4 
25 003365 000207 RETURN
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CSHGTQ -~- Get a free 1/0 queve element 

O
t
 

“
i
 

ur
 

fb 
G3

 
j
e
 

003370 
003372 

003374 
003400 
003404 

003410 
O03412 
QO03416 
003420 

003422 

003430 

003434 
003442 
003450 
003456 
003462 
003466 

003472 
003474 

1 003476 

010346 
010444 

O16504 
004737 
OL1016?/ 

010103 
O1L2700 
O12423 
O7 7002 

1527641 

O10561 

0165461 
O1é6541 
OL1656l 
012700 
066500 
O10061 

012604 
012603 
OOOLO 7 

0000006 
0000006 
174406 

O00000C 

o000000C 

0000006 

0000006 
0000006 
0000006 
OO0000G6 
0000006 
0000006 

0000006 

O00000G6 
OO0O000G 
Q00000C 

CSHGTQ: MOV 

C
e
 

e
e
 

Ty
 

C
S
 

e
e
 

cd
 

.SBTTL CSHGT@ -~ Get a free I/O queuve element 
oemes Soene Ones <i0he OEE ene Sage Comte Genet EBON SUOI apa euEE: GOnrt GueGD weneD iment goeeE EnGtr AttEE CELE! SEITE tnest PEED Gitte Senn SO8E SYNOD EAINO SEaLY SOMME DeOtd SEES StimD Soete Ondil MEER SONS Orat etmu: CORMD AEEE Semen SEEHY REGED SeAE MEtT SURED CIEE SWuE MiERD tonne SietH Sime SREY EoEEE SimDH eiveL GUIS MmnRD otnEe SOOT GEYER MUOGe WEERG COMIS SIUAO TINE aeee Donat Serer 

Get a free I/O queve element and initialize it with information from 
the cache control block and the original I[/0 queve element. 

Inputs: 

RS = Peinter to cache controeal block. 

Outputs: 
Ril = Pointer to new queve element. 

RO. - (SP) 
MOV R4,-(SP) 

Get a free I/O queve element 

MOV CCSOGQGE(R5).R4 iGet address of original queve element 
CALL @®#GCETOQ iGet a free [/0 queve element 

MOV Ri. [OQO0UT iSave address of secondary I/0 queve element 

Copy information from criginal queue element to new queve element 

MOV Ri.R3 iGet address of new queve element 

MOV #IOQ@SIZ/2, RO ;Get number of words to move 

MOV (R4)+, (RG) + iCapyu contents of original queve element 

SOB RO. 1% 

Set flags in new I/O queve element saying: (1) this is a secondary 
1/0 operation for data caching; and, (2) the completion routine is 

a sustem routine that is to be called in kernel mode. 

BISB HQGFSCIO'GFSSCR, @. FLAG(RI) ; Cashing 1/0 & system compl rtn 

Store the address of the cache control block into the cell of the 
I/O queve element normally used for the channel number. 
This will cause the address of the cache control block to be passed 
to the completion routine in R1. 

iSet address of control block as "channel #" MOV RS. G@. CHAN(RI) 

Now set up information from the cache control block 

MoV CCOS$BLK(R5),.@. BLAN(R1) ; Set block number 

MOV CCEWCT(RS),@. WCONT(R1) 3; Set word count 

MOV CCSUBP(R5),.Q@. PAR(RI) :; Set 64—-byte block number of buffer base 

MoV #VPARS, RO iGet virtval address bias of buffer 

ADD CCSUBOC(RS), RO sAdd buffer offset within 64-byte block 

MOV RO, @. BUFF (RI) ;Set buffer virtual address 

Finished 

MOV 
MOV 
RETURN 

(SP )+, R4 
(SP)+,R3
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CSHCNT -~ Keep track of cache usage 

S
O
w
N
 
h
u
t
 
W
e
 

10 

003500 
003502 

003504 
003516 
003512 

003514 

003520 
O035a2 

010244 
012102 

050062 
OOSSie 
192002 

004767 

O12602 
000201 

000002 

000004 

stati 

Me
e 

te
 

fe
e 

we
 

Page 24 
stics 

.SBTTL CSHCNT -—— Keep track of cache usage statistics 

CSHCNT is called to add a value to one of the cache statistic counters. 
The form of the cali is: 

MOV value, RO iGet value to be added to counter 

JSR Ri. CSHCNT iUpdate counter 
. WORD counter iAddress of counter to be augmented 

The counters are all 32—bits long with the high-order value stored 
in the first word. 

If a counter overflows, all counters are zeroed. 

-SHONT: MOV R22, -(SP) 

MOV (Rid+,Re2 iGet pointer to statisitcs cells 

Add valve to low-order word and propogate carry te high-order word 

ADD RO, 2(R2) iAdd valve to low-order word 

ADC (RZ) iPropogate carry to high order word 

BYC 9 iBr if counter did not overflow 

A counter overflowed. 

Clear all statistic counters to zero. 

CALL CSHZRO iZero all statistic counters 

Finished 

$: MOV (SP)+, R22 

RTS Ri
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CSHZRO -~- Reset all statistic counters to zero 

1 .SBTTL CSHZRO -~- Reset all statistic counters toa zere 
a 3 (TT emt meee enn some mane mewe enone eete water ead raion nines mer riots ste hamat mate cine toes sean ener ein Sea Stems oxuve Sane Stith sean sous emis Gate fttae tnt eats siete aren care: set elt oder trite aiune seem aiene meen Gosse ttet wonis Sonne Some seunr wuune cue cate tivah SOT Ginn suet mute seect enue time cones exsin ste mene stteeetine scant mca some 

es ; Zero all data cache statistic caunters. 
#4. ; ; 

2 003524 CSHZREQ: 

& ; 
7 3 Zero ai] statistic counters 
G i 

9 003524 0005037 0000006 CLR @GHCASTRO i Total number of read operations 
10 003530 005037 0000026 CLR GHCASTRO+2 
li 003534 005037 9o00000¢6 CLR @G@#HCASTBR i Total number of blocks read 
l2 003540 005037 0000026 CLR C#HCASTBR+2 
13 003544 005037 3cod0d0006 CIR @HCASCBR iBlocks read from cache 
14 003550 005037 0000028 CLR @#HCASCBRt+2 
15 003554 005037 0000006 CLR @#CASTWO i Total number of write operations 
16 003560 0095037 0000026 CLR G#CASTWO+2 
17 003564 005037 0000006 CLR G#HCASTOW i Total number of blocks written 
18 003570 005037 0000026 CLR CHCASTBWt+2 
19 003574 005037 oo00g0000¢ CLR @#CASCUP i Total number of blocks moved into cache 
20 003600 005037 0000028 CLR C#HCASCUP +2 
ai ; 

mee A Finished 

mid j 

24 003604 000267 RETURN
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CSHSCH -- See if system job scheduler should be called 

1 .S5BTTL CSHSCH -- See if sustem job scheduler should be called 
rd 5 OTT remem ame ee se tw re et mee an a etme me ea, tm re eee ema en an et nie ir te i nu Sn ie ne ee 

3 ; CSHSCH is called periodicallu during lengthy operations such as moving 
a i data from cache buffers to/from user buffers to see if the job 
2 ; scheduler should be called to give other jobs a chance to run. 
ra 3 This is done so that the data caching operations don’t lock out 
? 3 other jobs for an extended period of time. 
8 3 

9 003606 105737 o000000¢ CSHSCH: TSTB @#DOSCHD +Doees the job scheduler need to be called? 
10 003612 001402 BEG i: iBr if not 
li 3 
12 i Call yob scheduler and allow higher priority yobs to run 
13 ; 

14 003614 004737 000000¢ CALL @G@#SCHED iCall job scheduler 
Lo i 

16 i Finished 

17 3 

18 003620 000207 PS: RETURN 

F
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tt 
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18 
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28 
2g 
30 
34 
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33 
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35 
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37 
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Errors detected: 
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Q03622 
003624 
003626 

003632 
003636 

003640 
003644 
003650 
003656 
003662 
003664 
003666 
003670 
003674 
003676 
003700 
003702 

003704 
003710 

003714 
Q03720 
003724 
003732 
003734 

003736 

003742 
003746 
003750 
003752 

010144 
O10244 
013746 

00572: 
001437 

O12701 
010137 

013700 
005300 
003404 
0101022 
062702 
O10O2 14 
O1O0201 
077006 
OOSO11 

005037 
005037 

O12701 
013700 

OOS5021 
O7 7008 

004767 

012637 
012602 
O12601 
O00207 
QOOO00O 1 

Oo 

0000006 

O000006 

0000006 
0000006 

O00000¢6 

000002 

9000006 
OO00006 

QOO00006 
0000006 

177562 

OO0000G 

i 

~~ Data caching system initialization 

5 "TOP steer cones cenar cacee ereve Srenn aseet sonen Serer svete casey dott cneen MOctn GDLEE =ALLE mite Onset coven miner ened SUOGH cones Suney OECtD enue GomnS “ines enone Uolie SEEP- nOmEG sine GDLO cutie Gniae onde: cute dmved OAD RinED YEIEY GOUGH Sneen tute ontet cOTUn TENN SttEr conte GeAEY GLARE CocH ORICT eatED wim tntee GORD Some SLOED Bll Soda fe=tS GuMIN Gites sétEe weuse sntwe tonne “Om enue come 

CSHINI is called during system initialization to initialize the 
data caching 

CSHINI: Mav 

1: 

3: 

MOV 
MOV 

See if there 

TST 
BEQ 

Put all data 

MOV 

MOV 

MAP TO 

MOV 

DEC 

BLE 

MCV 

ADD 

MOV 

MOV 

SOB 

CLR 

system. 

Ri, -~{SP) 

R2,-(SP) 

@H#KPARS, -—(SP > iSave kernel PARS mapping 

are any active cache buffers 

@#VCSHNB 
9 

>Any active cache buffers? 
;Br if nat 

cache entries on the free list 

#VPARS. Ri 
Ri, @HCSHFHD 
CASUFL 
@#VCSHNB, RO 
RO 
3S 
R1,.R2 
#2, Re 
Re. (Ri) 
R2, Ri 
RO. 1% 
(R1) 

Say LRU chain is emptu 

CLR 
CLR 

@#CSHMRU 
@#CSHLRU 

iGet virtual address of ist entry 
iSet pointer to ist free entry 
iMap to forward link chain 

iGet total number of data cache entries — 1 

iBr if only 1 entry 
iGet address of current entry 
iGet address of next entry 
iMake current entry point to next entry 
iGet pointer to next entry 
sLoop if more to link together 
sZero the last forward link 

iNo most-recently-used entry 
iNo least-recentiluy-used entry 

zera all of the hash list heads 

MOV 
MOV 
MAP TO 
CLR 
503 

HVPARS, R1 
@#VCSHNB, RO 
CASHSH 
(R1i)>+ 
RO. 2% 

Get virtual address of ist entry 
;Get total number of entries 
iMap to hash list heads 
iZero each ane 

Zero all cache statistic counters 

CALL 

Finished 

MOV 
MOV 
PCV 
RETURN 
. END 

CSHZRO 

(SP )+, @HAPARDS 
(SP)+, Re 
(SP)+,R1 

iZero all statistic counters 

iRestore kernel PARS mapping 

a
m
,
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CSHINI -- Data caching system initialization 

Work file reads: O 

Work file writes: 9O 
Size of work file: 86198 Words ¢ 34 Pages) 
Size of core pool: 17920 Words ¢ 70 Pages) 

Operating system: RT-1i] 

Elapsed time: 00:00:25. 45 

DK: TSCASH, LP: TSCASH=DK: TSCASH. MAC/C/N: SYM
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Cross reference table 

$NOABT 
... Ve 

C. CSW 
CASBLK 
CABDVU 
CASHBL 
CASHFL 
CASHSH 
CASUBL 
CASUFL 
CASWCT 
CASCBR 
CASCUP 
CASTER 
CASTBW 
CASTRO 
CASTWO 
CC#BLK 
CCEéECBP 
CCSDVU 
CCELNK 
CCS$OQE 
CC#UBO 
CCSUBP 
CCSWCT 
CCSWFL 
CCBFRE 
CCBGET 
CCBHD 
CDS$SZ 
CDseDVU 
CORUSR 
CSPE OF 
CS#ERR 
CSHADD 
CSHBFP 
CSHBLD 
CSOHCLIN 
CSOHCNT 
CSHDEV 
CSHDVN 
CSHFHD 
CSHFIN 
CSHFRE 
CSHGET 
CSHGTG 
CSHINI 
CSHIO 
CSHLOC 
CSHLRU 

1-36 
4-25 
4-25 
6-16 
5-154 
9~17 

10-17 
10-17 
1-26 
1-28 
1-26 
1-28 
1-27 
1-28 
1-26 
1-26 
1-26 
1-35 
1-35 
1-39 
1-35 
1-36 
1-36 
1-25 
1-24 
1-25 
1-31 
1-29 
1-209 
1-25 
1-24 
1-25 

21-8# 
2~63 
1-30 
1-29 
1-25 
1-35 
1-27 
1-30 

11-56 
1-30 
4-17 
1-77 
3-15 
1-30 
1-27 
1-33 
1-78 

12-38 
11-36 
4-21 
1-75 
1-76 
3-26 
1-30 

#O- 3a 

4-2 

Ant 

6-15 

O- lot 

9-17 

10-17 

10-17% 

a Raat es) 

11-47 

11-49 

15-51 

13-42 

13-32 

12-20 

14-19 

ie: Coat tin) 

3-od 

8-36 

ete? 

6-34 

g-idé 

6-28 

Me cee Ye 

9d 

11-50 

20-40 

5-14 

9-293 

3h 

al? 

-2ik 

ae-ld 

2O0-18# 

20-24 

19-134 

19-32 

20-30 

o-1d 

o- 1d 

15-7 

13-93 

6-41 

en 

oad 

19-31 

19-29 

17-14 

37-49 

18-8# 

17-108 

6-14 

2? —hH 

2-l4at 

8-20 

11-42 

(CREF VOSS. 04) 

20-34 
4-25 
4-25 
6-14 
9-17 
P-17 

10-17 
10-17% 

13-35 

le-2? 

13-72 

15-49 

15-41 

14-21 

14-26 

8-29 

mon Lat 

eo iPr 

aoviik 

20-17 # 

2o-FE 

LoL 

8-4 5% 

10-26 

i3-31 

2O-44 4% 

20-33 

10-28 

8-4 6% 

372 

6-49 

20-40% 

11-108 
l2e~-oH 
3-52 

17-20 

oar 

Poe hae ©) 

11-18 
L2-20 

4-25 
4-25 
S&-16 
9-17 
Q~-17 

10-17 
10-17% 

15-35 

139-239 

15-80 

15-64 

15-85 

14-32 

14-41 

Li-24 

2O-14% 

neo 

eon iat 

LOL 

29-10% 

eon lok 

Li-12 

13-54% 

2O-S1# 

2@i-iz 

Peale 

2O-7iL*x 

9-25 

3-64 

77-13% 

13-17% 

14-30% 

4-25 
4-254 
b-16 
9-17 
9-17 

10-17 

15-58 

14-46 
15-78 
16-58 
14-38 
13-19 
11-51 

15-27% 

4—20 
4-294 
&-16 
9-17 
G17 

10-17 

15-40 

16-65 
15-88 
a2f-3F 
15-16 
15-28 

16-26% 
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4-25 
4-25H 
6-16 
9-17 
9-174 

10-17 

14-34 

146-44 

15-30 
16-15 

11-70% 

21-18 

23-45 
B-4 7% 

mah 14a 

et deat ts 

4-25 
6-16 
6-16 
9-17 
F-1L7# 

10-17 

16-52 

16-17 
16-22 

13-22 

2i-18+ 

4-29 
6-16 
6-16 
P17 
9-174 

10-17 

16-28 
17-19 

10-33 

4~25 
6-16 
6-16 
9-17 

10-17 
10-17 

18-10 

2O-54k 

11-13 

4-25 
6-16 
6-16 
9-17 

10-17 
10-17 

27-19 

23-43 

20-58% 

4-25 
6-16 
6&-16# 
9-17 

10-17 
10-17 

23-44
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Cross reference table 

CSHMRU 
CSHRD 
CSHREM 
CSHSCH 
CSHTST 
CSHUP 
CSHUSE 
CSHWRT 
CSHZRO 
CURCCB 
DOSCHD 
DVFLAG 
DX#NCA 
ENSYS 
FP SMOV 
GETQ 
INTPRI 
TOCMPL 
IOGIN 
TOQOUT 
TO0QSIZ 
JOBCCB 
KPARS 

KAPARG 
LOW? 
NPCCB 
OVRHC 
PSwW 

BLIAN 
BUFF 
CHAN 
COMP 
CSW 
DEVX 
FLAG 
FUNC 
JOB 
PAR 
UNIT 

.WCNT 
QFSCIO 
QF SCR 
QNSPNX 
RDMOVE 
READIO 
REDCPL 
SéQcCB 
SCHED 
SYQTO 
TSC ASH 
VUREGCO 
USWPCH 

S
o
a
o
e
e
o
o
o
a
o
o
 

i-28 
a-7m 

11-43 
3-38 
2-30 
oma 
3-47 
2-78 

24-26 
1-824 
1-34 
1-36 
1-36 
1-27 
i-3e 
1-34 
1-33 
1-32 
1-834 
1-844 
1-32 
1-33 
1-27 

L2a-25% 
14-41% 
15-72% 
16-524 
1-28 
1-36 
1-33 
1-24 
1-33 
1-31 
1-31 
1-32 
1-24 
1-24 
1-28 
1-34 
1-24 
1-29 
1-31 
1-26 
1-27 
1-34 
1-34 
i-3i 

14-14 
3-H 

12-34 
8-41 
19-12 

20-2 

ve el ar de 

eu 4 

20-44 

2-1d 

12-27 

15-15% 

15-78 

16-58 

Pam phy 

20-31 

20-458 

20-2 

20-54 

20-43 

et ae) 
4—aat 
on iG 
e190) 
ane 
aH 
anes 

20-67 
any 
2-08 
ant 

ae ant 
20m 
9-9 
4— dni 
4m 

2O~ de 
e2o-14 
4-30 

1-714 
ei~ ai 

ryL, 
net a? 

{CREF VOS. 04) 

2O-45# 

288k 

12-47% 

15-19% 

15-90% 

16-55 

10-24% 

2O0-34# 

al-1?e 

wO-47 

2-4 

23~-4Ake 

23-39 

6-17 

19-20 

eon oe 

2a 4ASe 

19-17 

2-67 

2o-d2 

14-37 

ein LO 

e@il-~-1z2 

3-354 

13-22% 

15-28% 

15-85+# 

17-19% 

el-13 

1-76 

14-43% 

Br LPH 
13-354 
15-304 
15-88* 
18-10# 

1-77 

15-14 

Pm AOE 
13-39% 
15-35% 
16-15% 
27-8 

a3-44% 
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19-25% 

13-424 

15-414 

16-17% 

27 ~-19k 

15-26 

11-24% 

14-19% 

15-49% 

16-22% 

a7 - 39k 

16-2O¥ 

11-47% 
14-21% 
15-51+# 
16-28% 

27 -4AGE 

a/—3ak 

11-49% 

14-25% 

15-58% 

14-34 

11-51% 

14-32 

15-60% 

146-44 

12-11 

14-98% 

15-64% 

16-45+



TSCASH -- TSX-Plus 

reference table Crass 

VC SHNB 
VPARS 
YVPARS 
WRTCPL 
WIMOVE 

1-33 
1-29 
1-29 
6-16 
8-29 

Data Caching MACRO VOS5. 04 
{CREF VO. 04) 

2-39 
9-127 
dat ed 
6-16 

10-98 

12-15 
10-27 
10-29 

7 Bt 
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Cross reférence table (CREF VO5. 04) 

. ADDR 1-16# 4-720 6-16 9-17 LO-17 
DISABL 1-464 20-23 21-13 
ENABL. 1-524 20-47 21-25 
MAPTO 1-404 3-36 8-29 11-24 11-47 11-49 11-51 12-25 12-27 13-32 13-35 13-39 

13-42 14-19 14-21 14-26 14-32 14-38 14-41 15-16 15-19 15-28 15-30 15-35 
15-41 15-49 15-51 15-58 15-60 15-64 15-72 15-78 15-80 15-85 15-88 16-15 
1e-17 16-22 14~28 14-34 16-44 16-46 14-52 16-58 16-65 17-19 18-10 27-19 

OCALL . 1-504 


