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L :3 _L_ ~~ _l 1 
WAITE DISASSEMBLY (IJISAULEO; DIRECT MOOE) 

21 ' o..11£· _,l_,l 
/ 

U4 
F244 

> 
SAC SM 1~ G 3 

17 At Yt 3 
t5 A2 Y2 5 
t3 A3 Y3 7 
11 A4 Y4 9 

~ 
U4 
F244 

~G 
RCOC(t1) 2 At Y1 tB 
RCDC (t0) 4 A2 Y2 16 
RCDC (9) 6 A3 Y3 14 
RCDC (B) 8 A4 Y4 12 

U5 
F244 

t--ilb G 

ACDCJ7l t7 At Yt 3 
RCDCJ6) t5 A2 Y2 5 
RCDC (5) 13 A3 Y3 7 

ACDCJ41 t1 A4 Y4 9 

U5 
F244 

L!..-c G 

RCDC (3) 2 At Yl 18 
RCOC (2) 4 A2 Y2 16 

ACDCl..1.1 6 A3 Y3 14 
RCDC ({IJ) 8 A4 Y4 12 

'- 290BUS (llJ: 15) 
./ 24 

8 7 I 6 I 

290BUS ( 15) 

_ago a us l t 41 
290BUS ( 13) 
290BUS ( 12) 

29DBUS ( 11) 

__a90BUSJ_Htl 
29DBUS (9) 
29DBUS (8) 

29DBU-5. (7) 
29DBUS (6) 

.-Z_908USJ5l 
29DBUS (4) 

29DBUS (3} 

-2..9DBU..S. (21 
29DBUS ( 1) 

2908US (~) 

5 

ACOC (11) 
RCOC(10) 
ACOC (9) 
RCOC (8) 
ACOC (7) 
ACOC (6) 
RCOC (5) 
ACOC (4) 
ACOC (3) 

RCOC (2) 

ACOC(1) 

RCOC ((6) 

U18 
F28'3 

8 A 
9 B 
10 c 
1t D EVEN 5 

12 E ODO ~ 
13 F 
1 G 
2 H 
4 I 

U1 11 12_) FB6 

2 
U1 3 

5 _\ 

~ I
~ ft_ __ SPA!l ,r--i 
~15 

13~· 
t F86 

7 

PROTRC ONYX. INC. 

CDC F OR AMPERIF 

FO AMAT DATA FROM CDC . 
80 c. ASSY I 2 I 002 2.00 

REV 
E B 
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----~~--------L _______ ~ --- ---- .. _L - -·------~~~--- ~ 1 I _ _ _ L __ ---~---------
3 '_J 1 _ _L ________________ l _________ ~--- --· ______ _! ____________ .... 

+5V 
+ 

3 
, CLKB 
../ --

U21 
F273 

~ CLR 
, OSTSM 11 
./ CK 3 

, PDSTPAA 3 01 01 2 TPATY 
./ 1B 

L 02 02 1-.a 12 

J_ 03 03 ._._§. 
!L 04 04 ~ 

RD ( 11) 13 05 05 12 TO CDC ( 11) 
RO ( HH 14 15 TOCDC (111J) 

RD (9) 
06 06 

17 16 TOCOC (9) 
RD (B) 

07 07 
1B 08 OB 19 TOCDC (B) 

U20 
F273 

1 CLR ~ pCK 

AD (7) 3 01 01 2 TOCDC (7) 

AD (6) 4 02 02 5 TOCOC (6) 
RD (5) 7 03 03 6 TOCOC (5) 
RD (4) B 04 04 9 TOCOC (4) 
AO (3) 13 05 05 12 TOCOC (3) 
AO (2) 14 06 06 15 TOCDC (2) 
AO (1) 17 07 07 16 TOCDC(1) 

'-RD({a: 11) RD (QJ) 1B OB OB 19 TOCOC (Ql) 
~ 3 

8 7 --T 6 T 

+5V 
·~ 

L ·~ (') 

PR 
D 0 9 

U13 
1 F74 

U40 3 11 CK all!-
2 F32 

CLA 
::r 
13 

1~ 
F04 

7 
CLAM 

TOCDC rn: 11) 
12. 16, 17, lB 

5 4 
--r 

3 

U14 
Brn9 

:i 
OSTPARM 

+5V ,,. 
4 

0 
PR 

2 D a~ 
U52 
F74 

3 "'-CK o~ 
CLR 

1 

I PROTRONYX, INC. 

CDC FOR AMPERIF 

FORMAT DATA TO CDC 
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I 2/002200 

24 

REV 
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~--.-~O .:_:_:_-.d5 

, . ~ ) -::-.ff CJ J'' 



0 (·\ 

u r--
·,'"-~- ____ / 

8 6 J__ l -- -------------- 5 _j ---2 ______ J 'l ---------
L} _____ L 3 7 1 

+5V 

DI 
+5V 

2 lo PA + 13 .--;, SPAR Q 5 ____ Q_J~24 

U13 
10 ~ F74 

3 r=::) SACSKN 
+5V PA 

3 CK ob§-

3 r-'i AD ml 12 lo G 9 AOENBL 11 
CLA 

U19 l 4 F74 
3 .--;, CONTN 11 bcK G AOENBLN 11. 22 U16 PA 

CLA 3 r=::) SACSM 13 12 2 D 0 1s 

13 F04 U19 
F74 

3 r=::) CLKB 3 CK 0 L6 

Cl CLAM I 7 C=> CLA 

7~ 

CONTROL TRANSMITTERS 

U81 

+5V~ 3 
PE8305 

U68 B 

TINA CT 
U81 10.........-----. ;:,1nuoc:.J.\ 1 HJ F08 

:;~ STROBES ,r: ~6 7 
PEB305 14 

XFULL : 23 

Bl ) t 13 10 
XINACT : 23 U68 11 4 XFULLG : J 23 

11 

)t9 10 .------.. DSTROBEA F08 

I ~3 
8 XINACTG : 23 

uae=> OSTROBEB 

' 
2 F08 U81 

5 
PEB305 

EHPTYT 4 I-:') I PROTRONYX. INC. 11 U67 ,.. 

5 F08 I I 12 XEMPTY 

f 11 XEHPTYG ::: 

I CDC FOR AMPEAIF 

Al I 12 
U67 11 6 I ASSEMBLY/DISASSEMBLY CONTROL 

13 I F08 CONTROL TRANSMITTERS 

B BO . ASSY ' IREV . 
L_. 21002200 € 
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(___) 
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8 7 6 5 4 I 3 I 2 I 1 

TOCOC (0: 11) 
14 TOCDC (8) 1 

U8"1 
PE83"15 

TOCOC(11) 

~ 
U81 U56 3 7 . PE83"15 2 F08 

DI I 
8 

~ I TOCOC (8) 

11il xcoc (8) XCDC "': 1 1) 

16 XCDC(11) f 9 I 23 
4 

TOCOC (11) I 1~ I I 
U58 6 B XCOCG (B) 

15 XCOCG(11) 
F08 C19 

2 I F08 ~ C9 J_ 
I l 

220pF -
220pF -

I I UB!il . 
TOCDC 7 10 

uaia 
TOCOC (1'0 II 13~831il5 PE831il5 

U57 11 t U58 8 5 

Cl I ~ -

9 F08 

16 xcoc ( 11il) I TOCOC (7 

I I J 12 xcoc (7) 

TOCOC ( 1") I I 9 ~ 15 XCDCG(t~I U54 3 6 \._ 11 XCOCG (7) 
F08 

F08 C16 2 C18 

I I 
l l 220pF 220pF 

TOCOC (9) I I 13~ 
- -

UBlil 
. 

U56 11 
12 I F08 - PE831il5 

I I rr-
B - .. 

14 xcoc (9) 

TOCDC !fil___LL..!_r- 'r. I XCDCG (lil: 11) 

U58 

~ ~\.. 13 XCOCG (9) I I I 23 

--. 
C17 

I 
1S CJ - -------- ,~, l l 

l 
11 

220pF . ~OTRONYX. INC. 
\ •• r.,.,.~ 11 

I I 
DC FOR AMPERIF 

A 
DSTROBEA 5 

t S 
DATA TRANSMITTERS 
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8 I _ l 6 __ J 5 4 J 3 2 1 

TOCDC '": 11) I TOCOC (3) 4 I > I 
U79 

U79 

3 PEB31215 
TOCOC (6) 

U55 ) 3 1 PE83'15 

.--~2=--'I F08 , 

16 xcoc (6) 

15 XCOCG (6) 

,--
220pF j_ 

TOCOC (5) 
U79 • 

l U53 ) 3 7 PEB3e5 

I 2 I F08 

111f xcoc (5) 

I TOCOC (5) 11 12 ~ l " • ~ 
13 F08 C7 

I 

9 XCOCG (5) 

TOCOC(4 

TOCOC (4) 

OSTROBEA 

8 

3 

8 

7 

1 
U53 

l I g I F08 

U55 
F08 

6 

220
1
pF j_ 

CB 
I 

12 xcoc (4) 

11 XCOCG (4) 

I - -
220pF -:!:-

5 

U55 \ 6 

' 5 I F08 

14 xcoc (3) xcoc '": 11) 

C14 
I 

ITOCDC (31 I 13 ~\" • 4 ) " 13 XCOCG 13 
12 F08 

23 

TOCOC(2 4 

5 

TOCOC (2) I I 5 

U56 
~ F08 

6 

22JpF j_ 
U78 

1 
PE83"5 

C12 
I 

16 xcoc (2) 

15 XCDCG (2) 

22JpF j_ 

XCOCG HJ: 11) 

PROTRONYX. INC. 

CDC FOR AMPERIF 

DATA TRANSMITTERS 
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8 I BO c_ IAEV ASSY I Z/ 002200 £ 
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TO CDC (ra: 11) 

c; (·-._ 
\ ____ 

--------- -----· ·- --
7 6 I 5 I ~ I 3 I 2 I 

TOCDC (1) 9 
U78 

U56 ) a 7 PE83"55 

.---=H"--J,j F 08 

1"5 XCDC(1) 

I TOCQC(tf I 12 ~}-1L-H' 9 XCDCG(1) 

13 Fl'JB. y13 

TOCDC 

TOCOC (liJ) 

22JpF i 
u1e 

PEB3ra5 
5 ~~i )_a ____ ... 

12 

U54 ) 6 T 6 ) \.. 11 XCOCG (liJ) 

F08 C11 
I 

xcoc 
XCDC (0: 11) 

1 

[ 

[ 

23 

XCOCG (0: 11) 
23 

I 

) TPRTY 221'JpF J_ l t 112~ U78 ' 

13 
t.t-~~ 11 3 P~B3"55 

STROBE A 

OSTROBEA 

8 7 

XPATY 14 XPATY C]23 

1ra c:_·~~~~~~~~~~~~~~~~~~~~~~~~X~P~A~T~YG--c::::::J23 '---1-+--=--i U7 7 B 4 c 13 

g I F08 Cif3 

11 

6 

~I J_ I PROTRONYX. INC. 220pF _ 

5 4 

CDC FOR AMPERIF 

DATA TRANSMITTERS 

B 1°0 G 
ECO P/N 

3 I 2 
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~) ..___... () r'-, 
\_ ____ ,/ 

---·---- ----------·-
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r---"'. r n_y If 

:=< SELSRC 
:=< FIFOROY 
:=< PLU 
L___.I' 

STATSRCM 

RFUNC 

RAC TI VE 

RFULL 

PARERR 

SEL.OST 
../ 

""' BUFEMPTY 
../ 

' 
STATDSTN 

..../ 

OESTFULL 
.../ 

""" OESTMPT 
.../ 

8 

? 6 I 5 I 4 I 3 I 2 I 

4 

1 U69 6 
5 522 
2 

16 
3 x4 SEMPTY ..... l F~4 

9 1~ 
x, 

9 F~4 
13 U69 .a 
1" 522 I: 

12 

RACTIVE 

7 6 

U2 SOURCE STATUS 
F244 

1-<:: G 

18 290BUS (fa) 2 At Y1 
4 A2 Y2 16 290BUS_{tJ 

,.-~ A3 Y3 14 29DBUS (2) 
8 A4 Y4 12 29DBUS (3) 

U2 

~ 
F244 

G 

17 A1 Y1 3 29DBUS (4) 
15 A2 Y2 5 29DBUS (5) 

Q., A3 Y3 7 29DBUS (6) 
11 A4 Y4 9 29DBUSJ71 

DESTINATION ?TATUS 

U3 

1a. 
F244 

G "" 

17 Al Y1 3 290BUS ({a) 
15 A2 Y2 5 290BUS ( 1) 

SINACT 13 A3 Y3 7 290BUSJ2J 
11 A4 Y4 9 290BUS (3) 

U3 
F244 

L!..cG 
2 18 2908US (4) Al Y1 
4 16 29DBUS (5) A2 Y2 
S A3 Y3 14 290BUS (6) 0•4 12 290BUS (7) Y4 

5 4 

SRCROYM 

29DBUS Uf: 15) 

OSTROYM 

PAOTRONYX, INC. 

CDC FOR AMPEAI 

SOURCE/DESTINATION S 

Bl BO c, 
ECO P/N 

3 I 2 
e-co 258B 
Sf.I 73 
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24 

24 
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TATUS 

200 
REV 
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7 
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7 6 5 4 

U41 
CY7C401 

""- CLRM 
::( FIFOSO 

--~ MR OR J.4 

::( FIFOSI 

15-
SO IR 2 

../ 
~ 

RCO (Ill) 
SI 

RCD ( 1) 
.d oia 00 Lil RC (0) 

RCD (2) 
5- 01 01 j_2 R_C_ (ti 

RCD (3) 
6 02 02 11 AC (2) 

7 03 03 Hll RC (3) 

I U42 

f ~ ;so 
CY7C401 

MA OR i4. 

SO IR 2. 

ACO_ (41 
3 SI 
A 

ACD (5) 
00 00 Lil RC (4) 

ACO (6) 
5 01 01 -12. RC (5) 

ACO (7) 
6 02 02 L.11 RC (6) 

7 03 03 1m RC (7) 

U43 

~ ;Sc 
CY7C401 

MR OR _1A_ 

SO IR 2. 

RCO (8) 
3 SI t RCD (9) 
4 013 013 Lil RC (8) 

RCO ( 1'0 
_5 01 01 Li2_ RCJ.9J 

, ACD (QJ: 11) RCO t.11) 
6 02 02 Lu RC_iHH 

./ 
7 03 03 Ht RC (11) 

- U44 

~ 
CY7C4"1 

MR OR l.14. 
SO IR 2 

3 SI 
--4.. Oii Oii 113 1iC. UZl 
_!i 01 01 112 _B.C(13) 

, RPAR ~ 02 02 IH RC (14) 

/ 03 03 lli1 -
L- _J 

7 6 5 4 

c 
3 2 1 

RCHJ: 14) 
21 

~ I U65 3 12 -
1 F08 l U65 11 FI FOOR 

13 F08 
12~ 

l 21. 2: 

U64 11 1~ -
13J F08 ~U64 8 FIFOIR 

l F08 
11. i 2 

9 r-
U65~ 

1~ F08 

4 _r--
U64 6 

5 F08 , 
RCP 

21 

PROTRONYX. INC. 

CDC FOR AMPERIF 

FIFO 

8 I BO L. ASSY f 'REV 
2.1002200 € 

ECO P/N 

3 I 2 
CC£JZ58B 
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0 
8 7 

AC (": 14) 

2" '-
/ 

D 

RCD (") 
RCD11l 
ACD (2) 
ACD (3) 

AC(") 
RCJ1l 
AC (2) 
RC (3) 

c 

RCO (4) 

RCD (5) 
RCO (6) 
RCD (7) 

RC (4) 
RC (5) 

B 
RC (6) 
AC (7) 

4, 5, 6 , ACD (": 11) 

" 

, FIFOOR 
" 2fl 

A 

I 
8 7 

I. 

6 

U29 

15.r G 
F157 

-f ~s . 
2 A1 
5 A2 
11 A3 Yl 
14 A4 Y2 

3 Y3 
81 

6 82 
Y4 

l@. 83 
13 84 

U30 
f 157 

-!- ~ 
15-0 G 

,..Ls 

2 Al 
5 A2 
11 A3 Y1 
14 A4 Y2 

3 Y3 
81 

6 Y4 
82 

!! 83 
13 84 

6 

4 
7 
9 

12 

4 

7 
9 

12 

5 

ACOC (") 
ACOC (1) 
ACDC (2) 
ACOC (3) 

RCDC (4) 
RCOC (5) 
ACOC (6) 
RCDC (7) 

5 

r·--\ 
\___j 

8 

2" 

4 

ACO (8) 
ACD (9) 
Aco]un 
AC0(11) 

AC (8) 
AC (9) 
AC (1 ") 
AC ( 11) 

RPAR 

RC ( 12) 
AC (13) 
RC (14) 

RCP 

4 

('· 
"'--> 

3 2 1 

U31 

1~G 
f 157 

-:!:- ~s 
2 Al 
5 A2 
11 A3 Y1 4 ACDC (81 

14 A4 Y2 7 ACOCJ9J 

3 Y3 9 ACDC (1£ 
81 12 RCDC ( 11) 

6 82 
Y4 

1" 83 
13 84 

U32 

15< G 
f 157 

~~ ,.Ls 

L A1 
L A2 
.!!.. A3 Y1 ~ 
14 A4 Y2 r-2-
3 Y3 ~ Bl 12 RPTY 
6 82 

Y4 

~ 83 

12 

13 84 

ACOC ": ~ 1) 

12, 1 3. 14' 

I PAOTAONYX. INC. 

CDC FOR AMPERIF 

FIFO OUTPUT SELECTOR 

8 I BO I ASSY f I REV C 21002200 E 
ECO PIN 

3 I 2 

~COZ58B 
~µ 1s 
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c 
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B 

11 

0; 
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~) 

·------------------.. ------
8 l 7 6 I 5 I 4 I 3 I 2 I 1 

+5V 

1 
RACTIVE 

PR 
12 lo al 9 11~~ 2" U59 

U15 ) 3 
2 I F08 

11 r F74 
CK Q 

CLR FIRD 

~ 
13 

FIFO IA 
2"~. I U65 )6 I 11 

CLAM 4 F08 

: : SACS• 12~ 0 19 
U33 
F74 

24 CLKB 11 G 

I :t ol
5 5 1~~2~ 15 AOENBLM U33 

F74 
3~* 3 CK G 

1 

CLA 
-er 

1 

I I 
PAOTAONYX. INC. 

U64 3 FIFOROY 
19 

211 r---" FIFOOR • 2 I F08 I I CDC FOR AMPERIF 

A I I I I 
FIFO CONTROL 

18 IBD c,, I ASSY • 2./002.200 IRt-V 
ECO I PIN I 22 OF 24 

8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 
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8 7 6 5 4 3 2 1 

- -·. COCA ({If) 

~ 
COCA (5) A9 CDC 4, 5, 6 

DI OUT 
33-5X 33-5~ COCRG ('1: 11) 
R5 AH~ 2 1 COCRG COCR(1) COCA (6) .. J4 3 CDCRG' 1 
33-5X 33-5X 6 51 PIN 5 CDCRG (21 
A6 A11 8 7 CDCRG 3 COCA (2) COCA (7) 

111 9 CDCRG 4 
33-5X 33-5X 12 u COCAG(5 
R7 COCA (8) A12 1 .. 13 CDCRG(6 COCA (3) 

16 15 CDCRG (7) 
33-5X 18 17 CDCAG (BJ 
AB 2' 19 COCAG (9) COCA (4) COCA (9) 

22 21 CDCAG (UH 

Cl 33-5X 2 .. 23 CDCAG ( 111 CDC 
26 25 PTYAG 

8 COCA ( 1'1f) IN 28 27 
xcoc ({If: 11) 33-5X 311 29 

8 xcoc ({If) 2 1 XCOCG ({If) 
A15 32 31 

7 16. 17. 18 XCDC (1J .. ..13 3 XCDCG ( 11 COCR(11) 
]<I 33 

8 xcoc (2) 6 5' PIN 5 XCOCG (2) 
36 35 

7 xcoc (3) 8 7 XCDCG (3) 
37 

8 xcoc (4) 11 9 XCDCG (4) 
8 39 7 XCDC (5) 12 11 XCDCG (5) 33-5X <12 .. 1 xcoc (6) 1 .. 13 XCOCG (6) 

A17 .... c xcoc (7) 16 15 XCDCG (7) 
8 

FULL A 
<IS «S 

XCDC (8) 18 17 XCOCG (8) 33-5X ..a .. 1 

Bl xcoc (9) 28 19 XCOCG (9) 
A18 5' <19 xcoc (1'0 22 21 XCOCG ( 1 ") 16. 17. 18 

7~ 
XCDC ( 11) 2 .. 23 XCDCG (11) XCDCG ({ll: 11) 

33-5X 
26 25 

A19 XPATY 28 27 XPATYG 18 a~ 18 XINACT 3' 29 XINACTG 
15 33-51 15 XEMPTY 32 31 XEMPTYG 
15 A2~ 15 XFULL ]<I 33 XFULLG 
15 7~ 15 36 35 33-5X 

38 37 7 A21 II I PAOTAONYX. INC. 7 .. 39 a~ 
<12 .. 1 33-5X I I CDC FOR AMPERIF .... c A22 Al <IS «S 7 C)-f.b.!IB 
41 .. 1 33-5X CONNECTORS 5' G 7 

B BO c., ASSY f 2/002200 REV 
€ -:-
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1 2 1 c; C::~Ut:IU::J llOJ I [ 0 I 3 4 a R 0 p Ray M 2 19 3 J2 4 ~nn DI , .,. , • ' 

5 J1 6 ' 5 34 PIN 6 

7 4" PIN 8 CLEARM 9 7 8 
9 CONN UI 9 111.1 

11 12 15 11 12 

13 14 13 14 29DBUS (6) 
15 15 16 290BUS (7) 
17 l9 17 18 29DBUS (8) 
19 1 g 19 211.1 29DBUS (9) 
21 2 21 22 29DBUS ( 111.1) 
23 24 2 23 24 290BUS ( 11) 
25 26 25 26 290BUS ( 12) I 
27 28 ~ 27 28 290BUS ( 13)j ( 

C I 29 3" 3 29 ~3=-"-'io..iiUUoULJll.....l...A..::U. 
31 32 3 31 32 290BUS ( 15) 290BUS (II.I: 15) 

2 3 13 19 33 34 3 33 34 • • • 
~ ~ 3 
37 38 
39 i..=4::::."-----==-<,---, 3 - +5V 

7 ° GNO/VCC WIRE CONNECTIO 
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- +~V :--i L6 I IE 
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+ 

220~F PAOTAONYX. INC. 

C446-5 a CDC FOR AMPERIF 

H ~ECOUPLING IA 
A I ~ ~ CAPACITORS 
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Ssy , REV -;- 18 BO (!,, A 2 /002200 £ 
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1. C3 AND C4 ARE PLACED BETWEEN VCC AND 
GMO ON U16. 
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CONN 
12 / 

U86 

0 I 11 
11 

F273 
, MCM 1 J' CLR 
( CLKA 11 CK / 

, IHEHJ(: 151 IHEM UU 3 cu 2 IREG HU ..-
01 ./ 

IHEMJU .. 5 IREG(1) 
I 

IMEMj2) 
D2 02 

IREG (2) 
IREG (flJ) 

7 03 03 6 
IREG (1) 

9 -1.B.E.!i131 IHEM (3) 8 04 04 _IRF:G (2) IMEM (4) 13 12 IREG (4) 05 05 -1.B.~ (3) IHEM (5) 14 15 IREG (5) 06 Q6 
IHEM (6) 17 07 07 16 IREG (6) 
IMEM (7) 18 OB OB 19 IREG (7) 

5 

c 
IREG (4) 

_IAE615l 
IREG(6l 
IREG (71 

U85 
F273 

~ CLR 
..-=-. l>CK 

_IREGJ_8_l 

B 
IHEH (8) 3 01 01 2 IREG (8) .IB~ 
IMEH (9) 4 02 02 5 IREGJ9J .IflE_G_i 1 '11 
l_M_EM_U_") 7 03 03 6 I R_E_G_J_HU IREG(11) 
IMEM(11) a 04 G4 9 IREG_U 1} 
IMEMJ..1.21 13 05 05 12 IREG{12} 
IMEM (13) 14 06 06 15 IREG.11.31 

.I.HE M-1.1Af 17 G7 16 IAE.Y.1141 07 
IMEM (15) 18 DB GB 19 IREG (15) 

_IREG1_12) 
_IREG_il3) 
_IR~ 

_lREGl_1fil 

A 

8 7 6 5 

U83 
F244 

~ G 

290BUS (") 17 A1 Y1 3 
15 5 290BUSJ1) A2 Y2 
13 7 290BUS (2) A3 Y3 
11 9 290BUS (3) A4 Y4 

U83 
F244 

~G 
2 A1 Y1 18 290BUS14) 
4 A2 .Y2 16 ...Z.9DBUS {5} 
6 A3 Y3 14 2908US (6) 
8 A4 Y4 12 290BUS (7) 

U58 

t-& 
f 244 

G 

17 A1 Y1 3 2 9 0 B U_S_Jfil 
15 A2 Y2 5 _2908US_l91 
13 A3 Y3 7 2 g DB U__S___ili_l 
11 A4 Y4 9 29DBUS ( 11) 

U58 
F244 

L!..cG 

2 A1 Y1 18 29DBUS ( 12) 
4 A2 Y2 16 ::><:mRUS il3l 
6 A3 Y3 14 29DBUS ( 14) 
8 A4 Y4 12 29DBUS ( 15) 

IREG (": 15) 
2, 7 

4 3 

1 8~ 
,x., 

CON 2 

F04 
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01 U84 
F273 

1 CLR MCM 
11 CK 
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CLKA 

11 

3 01 CH 
IMEM(16:31) 

4 02 Q2 
5,32 

7 03 Q3 
8 04 Q4 
13 05 as 
14 06 Q6 
17 07 Q7 

cl I 
18 OB OB 

U87 
F273 

1 CLR 
1 CK 

3 01 ()1 
4 02 02 
7 03 03 
B 04 Q4 
13 05 Q5 
14 06 Q6 

IMEM (3g) 17 07 Q7 Bl 
1B DB QB 

A 

8 7 6 

() 
5 I 4 I 3 

2 
5 
6 IREG(18) 
9 IREG (19) 

12 
15 
16 
19 IREG (23) 

2 
5 
6 
9 

12 
15 
16 
19 

5 4 3 

I 

r'-. 
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I 
'-___-/ 

2 I 1 
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!'1 
\._ j () 

8 7 6 5 

0 

9 1'f 
~ 

DI ~OHM Ffa4 . 
U1'7 U1'216 

B2HS6418 82HS641B 

c 

2(i!f CEM 2(i!f CEM IA(12)~ A12 _l_A_U2l ~ A12 
IA (11) 19 AU 

IA (11) 19 AU 
IA (1''1 21 A1(i!f OB 17 IMEM (7) IA c un 21 

A1" OB 17 IHEM (15) 
IA (9) 22 A9 07 16 IMEM (6) IA (9) 22 A9 07 16 IHEM(14) 
IA (Bl 23 AB 06 15 IMEM (5) IAlBl 23 AB 06 15 IMEM(13) 
IA(7) 1 A7 05 14 IMEM (4) IA (71 1 A7 05 14 IMEM (12) 
IA (6) 2 A6 04 13 IMEM (3) IA (6) 2 A6 04 13 IMEM (11) 
IA (5) 3 AS 03 U IMEM (2) IA (5) 3 A5 03 U I HEM ( 1'0 
IA (4) 4 A4 02 1.f_ IMEM ( 1) IA (4) 4 A4 02 1.f_ IMEM (9) 
IAJ3) 5 A3 01 

9 IMEM ((If) IA (3) 5 A3 01 9 IMEM (8) 
I A (2) 6 A2 

IA (2) 6 A2 
IAU) 7 IA(1) 7 
IA (") 8 

A1 
IA (") B 

A1 

A" A" 

B 

~ IAJ.i· -121 

A 

8 7 6 5 

4 

U1(26 

IA (12) ~ 
82HS6418 

CEM 
A12 

IA (11) 19 AU 
IA cun 21 

A1" OB 
IA (9) 22 A9 07 
IA (8) 23 AB 06 
IA (7) 1 A7 05 
IA (S) 2 AS 04 
IA (5) 3 A5 03 
IAl4l 4 A4 02 
IA (3) 5 A3 01 
IA (2) S A2 
IA (1) 7 
IA((lf) B 

A1 

A" 

4 

3 

. 

17 IMEH (23) 
16 IHEM (22) 
15 IMEM (21) 
14 IMEM (2") 
13 IMEM (19) 
U IMEM (18) 
1.f_ IMEM ( 17) 
9 IMEM(16) 

r~-} 
\ ..... _ - / 

2 1 

I HEM ((If: 15) 
3. 32 

IHEM (16: 31) 
4,32 

U1"8 

IA112} ~ 
82HS641B 

CEM 
A12 

IA(11) 19 AU 
IA(UJ) 21 

A1" OB 
17 IHEM (311 

IA (91 22 A9 07 16 IMEM (3(1fl 
IA (B) 23 AB 06 15 IMEM (29) 
IA (7) 1 A7 05 14 IMEM (28) 
I A (6) 2 AS 04 13 IMEM (27) 
IA (5) 3 AS 03 11 IMEM (2S) 
IA (4) 4 A4 02 lit IMEM (25) 
IA (3) 5 A3 01 9 IMEM (2.tj_ 
IA (2) 6 A2 
IA (1) 7 
IA ((If) 8 

A1 

A" 
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0 
8 

14. 32 

7 

4 

11 
13 

32 

8 

7 

IA U5: 12) 
)" 

'" 2911101.i; ..111 291_fOjf) , 
291f0 (11 
291110121 
2911:0 (3) 
29_UD1Al 
2911_0 (5) 
291'50 (61 
_as .. uao111 
291 "D (8) 
291JlD19I 
291"0 CUJ> 
29UID (11) 
IREG (16) 
IAEG (17) 
IREG(18) 

IAEG (16: 31) IAEG (19) 
~ CLKB 
~ CCM 
.../ 

100 +5V• 
~M 11 :>("1" 

""" 
F04 

-. 

7 

6 5 

U91 
291"A 

34 33 IA "fl 
D" y" 36 35 IA ( 1) 
01 Y1 

38 
02 Y2 37 IA (2) 

4" 03 Y3 
39 IA (3) 

2 
04 Y4 1 IA(4) 

4 
05 Y5 3 IA (5) 

17 
06 Y6 

18 IA (6) 
19 

07 Y7 2" IA (7) 
21 

DB YB 
22 IA (8) 

23 09 yg 24 IA (9) 
25 

01e Y1" 
26 IA '110 

27 28 IA (11) 
12 

011 YU 

~ 11 
Ie VECT• 
11 PL• ~ 9 
12 HAP• ~ B 
I3 FULLM 

31 
CP 

14 
CCM 

- 1~ 
I 21 

ALON 

~ 
OEM 
Cl 

1~ 
CCEN• 

vcc-1e 
GN0•3e 

6 5 

0 
4 

IA (7) 16 ANS 1 
IA (6) . 15 33 OHH 2 
IA (5) 14 3 
IA (4) 13 4 
IA (3) 12 5 
IA (2) 11 6 
I A ( 1) 1" 7 
1 A ce> 9 8 

IA (8) 16 AN7 1 
IA (9) 15 33 OHM 2 

IAI1e> 14 3 
IA (11) 13 4 

~ ~ 
~ tL 
..!i.. tZ--

IA112) 9 8 

4 

3 

3 

29A (7) 
29A (6) 
29A (5) 
29A (4) 
29A (3) 
29A (21 
29A ( 1) 
29A (_@_) 

29A (8) 
29A (9) 
29A ( 1''1 
29A(11) 

29A !121 

,,,,---. 
( 
\ , 
'----- _J 

2 1 

IA(": 12) 
-< 5 

32 
29A (": 12) ~ 

'I 
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0 
8 I 7 I 6 I 5 

U9"1 

D 
12 

SEQN 
F257 

\.. 1 s , 
1~G 

\.. 2908US U': 15) 2908US1") 2 A1 , 
_2_90_B_US _!_11 5 A2 
2908US (2) 11 A3 Y1 4 
2908US (3) 14 A4 Y2 7 

35 

, IREG (": 15) IREG1") 3 Y3 9 
81 12 , 

IREG (1)· 6 Y4 
IREG (2) 11 

82 
83 

IREG (3) 13 84 

3 

c U1"19 
F257 

.~s 
15~ G 

29D8US (4) 2 A1 
2908US (5) 5 A2 
29DBUS(6) 11 A3 Y1 4 
290BUS (7) 14 A4 Y2 7 

IREG (4) 3 Y3 9 
81 12 IREG (5) 6 Y4 

IREG (6) 11'/J 
82 
83 

!REG (7) 13 84 
B 

U123 
F257 

.___!___, s 
1!?q G 

29DBUS (8) 2 A1 
2908US (9) 5 A2 
2908US ( 1'0 11 A3 Y1 4 
2908US (11) 14 A4 Y2 7 

A 
.l.RE:G!Bl 3 Y3 9 

81 12 
!REG (9) 6 82 

Y4 

IAEG ( un 11 83 
IREG(11) 13 84 

_.__ 

8 7 6 5 

0 
I 4 I 3 

291 "0 ,.,, 
29HYD (1) 

291"D (2) 
291"0 (3) 

291"D (41 
291"0 (5) 

29_1"01.fil 
-2..9.J." D ill 

29.1"0181 
29HJO (9) 
291"0 (1'0 

..2..9-1.'1J D l1..1l 

4 3 

r··, 
\ . 
'-.__J 

I 2 I 1 

291"0 '": 11) 6 
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8 L_ __ H 7 I 6 I 5 I 4 I 3 L 2 _ __J 1 
290BUS (flJ: 15) 

35 '-_, 

12 
) RCARM 

D U19 

c 

'- WCARLOWM 12 
F374 

1 flJE , 
U57 _U ~ ....-CP 

'- WCARM 13 F08 , 
29DBUS (fll) BUFADRffi 3 DflJ Ofll 2 
29DBUS (1) BUFADR11l 4 D1 01 5 
~onRIJ~ (2) 7 D2 02 6 ..B.U._F A 0A1.21 
::>QnRll~ill 8 D3 03 9 BUFADR (3) 
29DBUS14) 13 D4 04 12 BUFAOR(4) 
_Z9_DBUS (5) 14 05 05 15 BUF ADA (5) 
29DBUS (6) 17 D6 06 16 8UF ADRJfil 
2908US (7) 18 D7 07 19 _B_UF A_OR1_7l 

12 

12 

U39 
F374 

~ flJE 
...... cP 

290BUS(B) 3 OflJ OflJ 2 BUFADR1Bl 
290BUS (9) 4 01 01 5 BUF Aj)_R 191 
29DBUS ( 1 fll) 7 02 02 6 BUF ADR-1.1.fil. 
290BU..5._il..11 9 _ti_UF AJ!_RJ.lll a 03 03 

8 
::>cm R 11 s il.21 13 04 04 12 BUF AORil.21 
290BUS ( 13) 14 05 05 15 _ti_UF AQR 1.131 
290BUS ( 14) 17 06 06 16 BUFAOR(14) 
290BUS (15) 18 07 07 19 BUFADR (15) 

_.__ . 

A 

8 7 6 5 
·~~~~~~--~~~~~~~~-

~ 

U20 

~ 
F244 

G 

BUFADR HU 17 3 290BUS (flJ) 
BUFADR (1) 

A1 Y1 
290BUS (1) 15 A2 Y2 5 

BUFADR (21 13 7 290BUS12l A3 Y3 
BUFADR13l 11 9 29DBUS (3) A4 Y4 

U20 

~ 
F244 

G 

BUFADR (4) 2 A1 Y1 18 _.2_9DBU_S_ill 
BUFADR (5) 4 A2 Y2 16 290BUS (5) 
BUFADR (6) 6 A3 Y3 14 29DBUS (6) 
BUFADRI7> 8 A4 Y4 12 290BUSj_7) 

U40 

~ 
F244 

G 

BUFADR (8) 17 290BUS (8) A1 Y1 3 
BUFAOR(9) 15 A2 Y2 5 29DBUS (9) 
BUF ADR_1_1_!) 13 A3 Y3 7 290BUS ( 1 fll) 
BUFADR (11) 11 A4 Y4 9 .Z.9DBUS 1lll 

U40 
F244 

l-LcG 

BUFAOR (12) 2 Al Y1 18 ::>QnRll~l.1.Z.l 

BUFAOR (13) 4 A2 Y2 16 ::>QnRUS (13} 
BUFAOR (14) 14 29DBUS (14) 6 A3 Y3 
BUFAOR (15) 8 A4 Y4 12 29DBUS ( 15) 290BUS (fll: 15) 

35 
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() () 
8 7 6 5 

BUF ADA (": 15) 
B ) 

U42 

D 

c 

1423-35 

j!UF ADA ill 16 15 29DBUS ( 15) BUF ADA (llJ) 

BUF ADR11l 17 
A" !01 

BUFADR (1) A1 
BUFAOR12l 18 A2 BUFADR (2) 
BUFADRJ3) 19 

A3 102 14 29DBUS ( 14) BUFADAJ3l 
BUFAOR (4) 1 BUF AOAl_4l 
BUFAOR(5) 2 

A4 
BUFADA (5) A5 

BUFAOR (6) 3 A6 BUFADA (6) 
BUFAOR (7) 4 A7 !03 13 2908US ( 13) BUFADA (7) 
BUFADR (8) 5 AB BUFADA (8) 
BUFAOR (9) 6 A9 BUFADA (9) 
BUFAOR (HY) 7 

A
1
" 104 12 29DBUS ( 12) 

BUFAOA (UJ) 
lCACHEM ~ BUFAOR (11) 8 BUFADR (11) 

~ ] U57~ AU 
Ett WM (ACHE>t 9 F08 I;> I r>u ,, -i 9 

12 

12 

AAMSTAOBE 

U41 
1423-35 

B BUF ADA (") 16 
. 

15 2908US ( 11) BUFADR (") 
A" 101 

BUFADA (1) 17 A1 
BUFADR ( 1) 

BUF ADA (2) 18 A2 BUFADA (2) 
BUF ADA (3) 19 

AJ 102 14 Z9 QB U..s...1.1..il 
BUFADA (3) 

8UFADR(4) 1 A4 BUFADR(4) 
BUFADR (5) 2 A5 BUFAOA (5) 
8UFAQRJ6l 3 A6 IBUFAOR (6) 
BUFADR (7) 4 A7 103 

13 29DBUS (9) BUFADA (7) 
BUFADR (8) 5 AB BUFADR (B) 
8UFAOR(9) 6 A9 BUFAOR (9) 
BUF ADA ( 1") 7 

Ai" 104 12 29DBUS (B) BUFADR11_ID 
BUFADA (11) B AU BUFADR (11) 

A 
EM WM 

9 ~ ;> 
u 

8 7 6 5 

4 

U22 
1423-35 

16 
AS 101 

17 
A1 

18 
A2 

19 
A3 102 1 

2 
A4 
AS 

3 
A6 

4 
A7 !03 

5 
AB 

6 
A9 

7 
A

1
" 104 a 

AU 
EM WM 
V I I 

9 u 

U21 
1423-35 

16 
A" 101 17 
A1 

18 
A2 

19 
A3 102 1 
A4 

2 
AS 

3 
A6 

4 
A7 103 

5 
AB 

6 
A9 

7 
A1'' 104 a 
AU 

EM WM 

9 u 

4 

3 

15 29DBUS (7) 

14 290BUS (6) 

13 290BUSJ5l 

12 290BUS14) 

15 29DBUS_i3l 

14 29DBUS (2) 

13 29DBUS ( 1) 

12 29DBUS (5f) 

29DBUS (": 151 

3 

BI BO 

2 

1-~ ... 
(____) 

29DBUS (": 15) 

AAMSTROBE 

1 
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.~ 11 L--..r 

7 

D I 12 ,...---... RCACHEM --

6 

() () 
5 4 3 2 

U43 
1423-35 

BUF ADA (Qf: 15) 
8 rJ BUF ADR_if; 16 Af 101 15 PR . 

euF ADRI1 11 Al 2 0 al s I LOCACHEA c--, 14 
BUFADRj2 18 A2 U66 
BUFADR (3 19 AJ 14 9 F74 
BUFADR_(4 1 A4 102 8 3 CK Q 

BUF ADA (5 2 AS 1 CLA 
BUF ADA (6) 3 AS 
BUF ADR (7) 4 A

7 103 13 1 
BUFADA (8) 5 AB c I l BUFADR (9) 6 A9 

BUFADA CUU 7 Al" 112 
BUFAOR (11) 8 AU 104 

EM WM 

9 ~. -: ··-··-···--- r9 Ju 11 I I I c* 
12 . WCACHEM I 

- 12 0 al 9 I HICACHER r1 14 

U66 
F74 

11 U89 11 )\!!_~~ ~ 11 CK a B I 15 c:::=;. LOPAR :: !:[ 11 • 5 'J.!!!!!,/ CLR 

LS125A STATCLAM 15 

U89 

HIPAR I 2 ~ 
iSc::::::> l 

1 
\\U65 '\. 8 HICACP 

LS125A 
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() 
' _) 

8 7 

D 
A6 A5 

47'1 47'1 

112 112 
5 

F04 F{if4 

Y1 
f IDi-----

c 
+5V 

2s. """ MHZ 

I
C7 

33pF 1 

.4 18 17 13 19 16 12 15 11" 
32~HALTM 

32~ 

B 
35~ 
32~0MM 

32~ 
35~ 
32~ 

14~ 1 

A 
111 ---- STATCLRM 

8 7 

c) 
6 5 

+5V 

l 
PR 

0 19 SCLK 12 10 
U113 
F74 

11 LcK 0 
CLR 

RUN I 
--v--' 

+5V 13 

+ 
+5V 

SCLKM _t_ 
2 lo 

PA 
0 15 

U113 

3 
L F74 

CK o 
CLR 

+5V Yi 

c/ 
4 3 2 1 

U44 ) 11 --.. ( 
F08 

r1 ll.A ,- ----. 2. 3 

4. 15 

l I U44 \ 3 
2 F08 c~ 6.1" 

12. 13. 16 

~ 

I 
U44 '8 

~8 

+5V 

A~32 

HCLK r • 27 

lo 
PR 

2 ols OEADSTART C::J 
14 

U61 
F74 

3 l CK 0 
CLR 

3 

U57 '3 I HCM (. 
F{ifB 

3. 4, 15. 16 

18. 35 
U64~1 
F08 U114 '3 1 I CLRSYSM ~ 

2 FfifB 1". 14 

6 5 4 
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I 

lo I 

cl 

Bl 

A 

~ n n 
{ I \ : \. , 
~ ------- ~-----

8 . I 7 I 6 I 5 I Ll I 3 I 2 I 1 

IRE6 (16: 31) 
4 

IAE6(27)11 ~ii I U55 IAE6 (31) 1 
F138 

I 
61 Y0 

11 ~ CLKB 

' ~ dG2A 
62B 8 

9. 10. 15 IREG (24) 1 A Y4 16. 18. 35 
IAEG (28) 

IAEG (25) 2 B Y5 IREG (29) 
IRE6 (26) 3 14. 18. 35 IAEG (3") c Y6 18, 35 

I 11 

Y7 32 

DESTINATION 

U56 
IREG (27) I I 6 F138 SEQN IREG(31) ~G1 VS 7 

G2A Y1 
5 G2B Y2 

SRCSELN 
14, 17, 35 

REG 24 1 OSTSELN IAEG (28) 
A 17. 35 IAEG (29) IAEG (25) 2 B WCAALOWN 

8 
IAEG (26) 3 c IAEG (3") 

-

F3 7--r-5 5 Ll 

1 
2 
3 

-

6 

1 
2 
3 

-. 

U82 
F138 

61 y" 
62A Y1 ..... 
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AMPERIF COMPANY HISTORY 

1971-1975 

The Company was incorporated in California in 1971. From its 
inception 1971 to 197 5, Amperif was engaged in the consul ting 
business. 

Amperif designs and produces the first peripheral mass st~rr.i.ge 
system using semiconductor memory. The Solid State Drum or sso 
introduced unprecedented performance levels to the mass storage 
industry, accessing information 20 times faster than conventional 
drum storage systems. 

Amperif begins using dynamic random access memory chips (DRAM's) 
to increase the speed of the system. 

Amperif designs and manufactures the first Cache Disk System for 
a large scale computer. The 5046 represented a major breakthrough 
in storage device technology with the use of "Cache" memory. 
Cache/disk memory devices are intelligent solid state memory 
systems placed between the mainframe and the disk drive. The 
Controller's microcode programs decide which data to hold in the 
high speed solid state "Cache" memory and which data to hold in 
disk memory. Depending on the application the average user can 
expect a "hit rate" , or the number of times a the data is found 
in Cache, of between 80% and 90%. A 5046 with Cache is able to 
access information 4 to 7 times faster than a conventional disk 
system by using Cache. 

Amperif delivers the first commercial back-end database machine 
for a large scale computer. The RDM-1100 is a hardware version of 
a. relational database management system. The RDM-1100 offloads 
data management functions from the host computer, resulting in 
improved operating efficiency of the mainframe and enhancing the 
utilization of data bases by allowing access · by up to four 
mainframes. 

-----------····-····· ...... , ·----



Amperif introduces the Challenger I, a compact high performance 
cache disk system which provides two controllers, 1.8 gigabytes 
of disk storage, and up to 27 megabytes of cache or solid state 

·storage in a cabinet occupying 12. 5 square feet of floorspace. 
The Challenger I uses four CDS 513 (19" HDA) disk drives with a 
capacity of 513 megabytes each. 

The RDM-1100 is improved to provide higher performance with the 
addition of a Database Accelerator (DAC). The unit is also re­
packaged to use the CDS 513 (19" HOA) disk drive. 

Amperif introduces the Challenger II Cache Disk system. The 
Challenger II, which uses a disk array design, can provide more 
than 4.5 gigabytes of high performance (SMD-E) disk storage, 10 
megawords of cache memory and 10 megawords of solid state storage 
in a 12 square f cot floorspace. Disk expansion cabinets can be 
added to increase the total to 64 disk drives for a total 
capacity of 18 gigabytes. The Challenger II also offers greater 
reliability and maintainability with the use of 256K DRAM memory_ 
chips, pluggable board assemblies and sixteen Fujitsu 2333 B" 
disk drives with a capacity of 337 megabytes each. 

Arnperif enters into two agreements with the Sperry (UNISYS) 
Corporation. The Third Party Service {TPS) contract provides 
continued support for Amperif products in the field via the 

. Unisys TPS customer Engineering organization. The OEM contract 
provides Unisys with exclusive rights to market the Amperif 
Sierra Cache Disk System. The Sierra Cache Disk System can 
provide more than 5 gigabytes of high performance (SMD-E) disk 
storage, 10 megawords of cache memory and 10 megawords of solid 
state storage in a 12 square foot floorspace. Disk expansion 
cabinets can be added to increase the tcital to 64 disk drives for 
a total capacity of 20 gigabytes. 

The Sierra Cache Disk System is improved with the new 2 channel 
Host Adapters (2-HAIO) which have a transfer rate of 845 
kilowords per second and the new XM16KP board with a pluggable 
EPROM daughter board for easy microcode updates. The Sierra Cache 
Disk system uses sixteen CDC 8 11 9720 disk drives with a capacity 
of 368 megabytes each. 
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The Sierra Cache Disk system is again improved with data path 
through checking and rotational position sensing (RPS). Amperif 
releases several diagnostic improvements including 1) Disk 
Diagnostic Test (DDT) version 4Rl, an online test package, 2) the 
Controller Confidence Test (CCT) , a power on/reset confidence 
test, and 3) a freestanding diagnostic microcode cartridge. 

Sierra Plateau 5 is released to Unisys customers under Type 
numbers 5090-xx (Cache Disk System), 8490-xx (Disk Expansion) and 
the 7059-xx (Memory Expansion) . 

Amperif acquires Protronics Inc. . Based in Boulder Colorado, 
Protronics designs and manufacturers CDC compatible adapters for 
peripheral equipment. 

Amperif introduces the model 7000 Cache Disk System for CDC 
170/180 Series Cyber channel compatibility. The 7000, which uses 
a disk array design, can provide up to 13 gigabytes of high 
performance (SMD-E) disk storage, 35 .megabytes of cache memory 
and 45 megabytes of solid state storage in a 12 square foot 
floorspace. The model 7000 uses sixteen Fujitsu 8" Swallow 5 
disk drives with a capacity of 837 megabytes each. 

Amperif designs and builds a 3 Megabyte Cache Disk · System in 
response to a Unisys RPQ. The 3Mb system achieves a 3 megabyte 
transfer rate by using Emitter Coupled Logic (ECL) to drive the 
SMD-E signals out to the eight Fujitsu 8" Swallow 5 disk drives. 
Each Swallow 5 disk drive has a capacity of 837 megabytes. 

1988 and beyond 

The Database Computer or DBC is a more technologically advanced 
relational database management system. The system takes advantage 
of improvements in technology such as caching and parallel 
processing. The DBC is being developed to be compatible with 
Unisys 1100 and IBM 4300 and JOXX series computers. 

The Challenger III will represent the next generation of Cache 
Disk Systems from Amperif. Improvements include cache memory 
integrated into the controller cardcage and a host adapter 
cardcage to allow easy adaptation to any host environment. The 
unit will be designed and packaged to be even faster and smaller 
than existing products. 
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