PROGRAM COUNTER focs VECTOR GENERATOR RAM
ngﬁgg:%rgggn VECTOR GENERATOR TO/FROM VECTOR GENERATOR
RR29 9
" —/ VECTOR GENERATOR DATA BUFFER S":‘";‘é ?:\TglggSB MEMORY
A —2o | ol ’
i MEMORY ADDRESS SELECTOR . / DATA LATCHES
C FIE 45V +5V +5v +ENV
|
TlMEu‘—?
AT V Le I 8 8
b 0 R3 P3 M3 N3
° R/WB ——5le e Tra? vw ( 90-7033| 90-17033| 90-7033| 30-7033 ATOT [FPR +5V
Ls32 p.R29 —&{28 &y 1532 5 A9 12 .B"
s AY T—a s gurFEw Ae AT — e I
DMAPUSH Cdat ®W3r@ 239 PR29 —38 w2 7 A7 KCPHANOM—a DOMAT 1: 1Y Aal’l scaLes
$59% 3853 335598 ABI2 _E“ SISt e amiz e o 2P A6 ‘ev oomae—2is> 50 scaLe?
F¥ é & 6222 2222 ADMAI2 —=148 N = 13| Lsng 2vzp—— VROM2 AS ol DDMAS B 3 e —scace
b ABII —Z{ 1A wH— amn Mi2 —— e v p— VROMT As ~ B +5V pbmas —4ep fS—scaLes
: ;-J- } l ADMA I — 18 AMII —1% o, 2vep'e VRAM s ) oomas — 420212615 puxnn
2 S J2 |3 S [ j2 |3 S 1 [2 |3 & < 22K X (20 I
= \ 02 D354 | DI D2 D3 D& | D 52 D3 D4 ﬁ l A2 7 8PL 20 N\ pbMaz— 10 10fe— pvxio
Pl LRers | 3. L4IR [ TR AR ¥y VMEM = TECHARLET) A DOMA7 (29lyg ! gef L2 pg7 DDMAI 'D Q ovXx9
oo B Lol Pl Lsos ) Ao 6 wLle} 81}2()  pge pomas—'8lgn  sal>— pvxa
due 5 (6i7e Bof2(%  pgs
W 1 /e \ 0
e —Sfa 1 fio% DOMES a 561as Lgpes BS[HL— g4
P.e27 ¢ ar— 1103 Z__ DDMA2 (@8], l5(6) RRI?T T
q:: DMALD -2 ' 1 ABIO ._2,2,,8 A ’ /02 > DOMAI 2 Ba A./M';;oaa\) :gl_y_ gz; .Sy A
o s lils = aomalo —3ie 72 Y[ AMIO 1701 4 HoMAD , @3\ x /g |708 g TATEHT s lLo
o1 a2 03 04| Qi 0203 e LOAD! s oa |2 ADMAI T FETIET P LSIST . " - 2 J_S csa _LQ csa . DOMAQ (N2fpay XCVR 83 18(19) T o[ 2% s
019 |7 |e CICRERTS | ca 2 i Y— DIR_G DDMAT 4D aat— pvx 1
o Tp B ST sowss —le 1T N TR 7 oo —fie 1ol ouee
n358 go:zt Coans—oconTER L e Ao:iz ’7;;; wli—ams AMI0 R/WE 43 odbMAS — 30 o wv‘s— ovxs
< 2 e Boe oAk b o 9| ~| @ . pomas —4ep s byxe
BMAPOSH €555 8§88 Y e al&lole]  BUFFER 4l 55V 20fS
3333 233 35 [ +5v DbMA3 o 20— DVX3
—"—-7—61-3—7'—‘—5—6—I7—°j '—T , VMENI—J '-_I DOMAZ '; 0 FIF 70—‘:— gv:z
P RZ DDMAI 1) 1o— bvxi
X INSTALL RPS | : | OMALD e v L pomas —8lep  sal'’— DX
? | v AB7 —]
tename e i | : conos 21,7 © o aows sowar —ae g A7 5> — L
| LSt r—
| ' | LOADG | 8 L:IA;‘. Q8 ADM AL AB6 —2A 217— MG =
+5v ll__' T T LoaDT : ;toum“ zzb :——:DM:: ADMA(; j?f
_____ BN, .. LOAYS ok AR B AD:35—3~|3 wfi— ams
> '~ ABa —4Hak 2 +sv
bvve ’3 LoAD! T ADMA4 _EABS 6“'_ AM4 CATCHI —] "
VY D J LoAD2 P,e2T it
b:‘; 12l WS 1 oaps SHMAS _J) I 'l' _T_'s _ = T poma? —2 ap " eaf—TimeRs
bvva —4 s - LOADG - Sm'lc\:: q = VMEM = poMAs — 25D sol'2 — viMER2
ouve —9 MR Y sans LoADS —2{A = m»z—uw\n DovAs 2] so pe 30 [,
oYY . LoADe LoADIO — Ue Q8 ADMAIO .l pomas — 4o olS — TimERS
B Y m‘ ‘.Yzls LOADII : (& c;‘:‘:::'\oc : ADMAII AD:ij _,é:; £3 sy AM3 VECTOR GEN ERATOR ROM DMAS : m::nm so. DvYil
TMERS Loapiz Pise e ABMAIL J AB2 —2/iaLsisT | pomaz—in  7afe—bvyio
ERE ADMA2 —21B 24 e +5v +5v DDMAI |: :o .n: .1, l;:::
ABI —22a . DDMA® >
ADMAI —£lop Y AMI _+ 5
bvYe : “D‘ »——: LOADT ’ \ ag —LU3a _Q_AMD c:; 24 ([52; 124 . Tl ’Lo
ey~ I e F"——’ aomag —ope ¥ p e wez | 2 The data latches consist of latch 0 (H6), latch 1 (F6),
o [T I SR U AMIO —2 a0 latch 2 (J6), and latch 3 (K6). Inputs DDMAOQ thru DDMA7 B
DYy cRVR ‘ VMEM AM9 22 A9
pwvie —% L Loabn = vy s ” are the data outputs from the vector-generator memory.
VYL : LOADIZ | 5V
&l 62 AM7 A7 —
e B A e “ Latches 0 thru 2 are directly clocked by the rising edge AT, Lo
i ” » § of the LATCHO, ,LATCH1, and .LAT(L)HZ ogtputs frc')(m the D MAT :.D“ Ao: pv?
. ; ; UNEM AM3 3 IS | vector generator's state machine. Latch 3 is clocked by oomae—sp 5o oVYe
Counters F4, H4 and J4 contain the address of the next  The program counter may also be preset to “return” to Thﬁl gddrefsshseleqtor consists of multiplexers F2, th, J2dznd K2. When VfM IiM is low, AM2 ¢ a2 8 _‘C_g'LAT H3 or by LATCHO, if ALPH is low. Latch 0 is Dbmas —H3D o 3a[E—DBvs
data byte (instruction) to be fetched from the Vector a previous address which it had stored in its “stack”. The the MPU of the microcomputer_gains access to the address inputs of the vector Ami —2 S leared when RESET. DMAGO. or ALPHANUM | Domad 0140, aaglls VY
. ' ¢ o VW o . cleared when . , or goes low. oomaz — 220527305 puva
Generator memory. Because these counters point to the stack consists of register files F3, H3, & J3, and down/up generator memory. In this state, B is from 2 and VW (vector generator write) is 4 . D oowas Latch 1 is cleared by ALPHANUM somaz —1275 F/% ol uva
next instruction in memory to be retrieved and performed, counter K4. The stack is a 4-word 12-bit memory, used to low when ®2 and R/WB are both low. When VMEM is high, the address input to the vector o6 e powae ’ poma —2i> g —bvyi
they are called the program counter. This program count- save the contents of the program counter for future generator memory is from the vector generator program counter and state machine. In §oos 12— DDwAS et Wi
28 T8 2 % . i i i o4 DDOMA4 i [
er is incremented one count (to the next sequential ad- reference. It is loaded when ﬁcbIKFUSH is low. Imme- tzrgs st(;at;éﬁ' Ul ItEI]fand I\t/‘WI are b}&th held high by the pullup resistors connected to the g " B ooy ’ e g IR
dress) each time the information at its current address is  diately after information is written into the stack, counter an Inputs of multiplexer Re. 8 o L SARESET s s AP —, e} =
loaded into data latch O or data latch 2. K4 increments one count. Inmediately before loading the = 5 DOMAL BMALO .
2 DO DOMA @
program counter from the stack, counter K5 decrements Address decoder L2 decodes address bits A11 and A12, and selects the RAM or one of e st [ cscmn ]
The program counter may also be preset to “jump” toa one count. three ROMs of the vector-generator memory. _TZ" J% Z"@l
new address. This new address can be loaded into the This ad lecti " th MPU t th t VROMZ L L
program counter from the vector generator memory via is address-selecting arrangement allows the game o access the vector-
data latches F6 and H6 and buffers H5 and J5. generator memory, i.e., write data into the vector-generator RAM to instruct the vector VEOMT
generator what it should do next. The address selector can then allow the vector-
generator program counter and state machine to access this same area of RAM also, and
STATE MACHINE nR27 read what instructions were sent to it by the game MPU. -
L r———————————— — —_—_—_-—_-—_- - - - — — — —— - — = - = = — — - T - T T =TT
4
CNTCARY 25 " P .5 (1% l
CTNTCARY ‘2 a ks R7? e | Q‘SV v + I
V6CK T4 g | 3] E; o 77 3
B ?\ | ce -%AS pROW| ) NIE c3 —:ELAa erom|  O[ §['§ ce —:‘hAe sron| ) NE: 31 :: »8 pooml +5v |
cr — a7 seb=— = c7 —&
P,RZ7 | C|2 _.:: o¢ 4.TKX 3PL g: [} :65 oy 4.7x 3PL C87 __I__:Za o < 4.7k X 3APL g [} :Z_ > S s I
cvx? —2]as5_o3fi2 3 Dvx4 —{as 1 03} — 32 DVx 1 —Has 1 2030 33 T —2{asToce “E
pvxg —2 ‘o x5 —2as I@ 2 _3ae 2 — 3, ,0? 4.7K x 2PL |
ey e VECTOR TIMER X- AND Y-POSITION COUNTERS | e hei | . _ ot . e | : ,
s ® As as ] I ovy7 —Da2 42 VY ! —J«Azg'z ’ r—Z-Ai:g ] ”‘”E
ul, \.scu‘lé i “Ls:arj e e | pvYS8 :‘;{M ° af2 ovY2 ——gm ot ovxe ;m ° a2 . 4 r— |
= ‘ : DVYS —3As DVY3 —3fas ovYo A0 3
o CE CE (43 LS02 X 2PL |
Al PR29 P.R29 Y I ALFNANIM | ) 3 3
so — 2|20 i — ] VGCK
—_— 1508 O o !
WALT DOREY P P e I—‘ o ® . | 2 c7°z = |
Timene s A s l' ! " - . TIMERS B =—S12a l »3 LS |
e o] 28129 A £25 " A% TimER2 =938 5 -0l Peg onLy co
TIMER| — 7'3 ':7 oaf? |63° 3“’0 o ls 1 DVl 1 ';'“ ;5“ l__ e e L T e e e e e e e e — e —— — —— —— — ___,_LSO,Z_ e e e e . e G e [ Deser sl ____J
. : 4af’ .
4 ‘; 2l as ol 4 :: D2 208 as|Lsio B Timent 3185 & 2 :: ;T:: S =y e 74
T'“‘“’T:@"————l As 13]c o *5 7% 12 sia 3] SELI A ox 1 Ty
TIMERS 12 50 . e S@ . TIMERS aB mox |12 = B :
o ozt 3 ip 1 af? z2lp ap- s pyvI 144a A Y UHMBACIZ 12pse iy i pacx) ocl | =
;’ Az 71 oS 3], sp° :l':z:? . s T s & < [ :___l. UNMDACX| '4,, TA s - ‘3‘ = s :2 DACX! ¥ SR 10]34 . A 1z
ol o2 o \4lg 1p—Tarens o ) i b e w 22 =57, pacxe pacxe b b0 DACX2 ¥ R T ' DACY!  oacv! P S———hacYis
AeeL cu HALT 'S1a "D_l — LATENE N CaTcHZ P TR s 2ip b S [e-am PR UNMDACKE —1— = f: oACKS Zho .7 DACK3¥ 2 \ <y st |, DACY2 1«%mo S, DATYE¥
BN S scates —={20 ale o e &Py x33 3 Ml al,. arf2oack3 pacre 8lan  gof DAC X4 ¥ PR 23 UnMdACY2 ——2{2a 2(—0ANYZ pacv3 T t0p—— Dacvar
CMARESEY 4p> —— [aTcne ol ! e s3ft ] 14lg AP anaa aaan UNMDACK3 5 A <ey ACKS Blas 40 DACX §X 2% 3 3l - DAacYa DI py DALYE X
= 3p*——TWACTSTROEE scatez—23p e o lagd . | oyt r A" R —1'® MULT,,iuc,“ = (] Ml orexe®¥ T ¥S e o oumpacyd — e g T OAYS pacvs Blav 4o DAQYS *
t—~ 2p3 ———GoSTRGBE Q- B2 ¢ 3 | s M UNMDACX S iA 2z2z 1 7 _| Y 1 -
ADMAS b2 SWATS L;’SS al2 els pean’ | s | [ I s wr BoaxT 41y a2 oacx7x 28 80° L2 MULTW & nacsh DALY £ T CAIVEN
- 8 b AL SCALE! LI 11, ADDER o on RE SACKE 2o e DACKXB® — [T ! UNMDACYE —21 1A DACY? 2> 0 DACY 7¥
D:su“oo——wnusu ars o 8l il ipt—mo | LE . ONMBAERII I < e | 11l T | < - sl P k2 aliod
- scaeo—2ap Y9, M e 2 D__“: | a[fceTs BB o - i | G[cears -O1 yERSION TEN S [ unmoacy i —" 1S e
S st T i 1% S4 b I A emz A 1: s : :]“
T' = DECODER O_I (E11 el s MUz
! wop! OUNBRTRTL — -2 ™l u > ol
PR27 t 14 ¢ € D[Z— UNMDACXIZ A £ :‘{"—DACY.S 14 ¢ ENOO— @l ENnopp—
il raTE TP UNMDACXS A e i ad T o | o | Owwoacyz 2f33 S
ADMAZ | :Fi MOLT S L elop E/f.solvv T i . :T_Ef it ;oi il i 2bs : onmoacys—Lttha ae i PACTS
K CAS 3 Py - ry “ @ LS ST
= Ia Oiz UNMDAC XK@ N : . - els 3‘1 DALYSN = cl: LA?Z j* ulsz l o Tt: 1l ——
DMARESET PR29 | vecx 14, . AYFEDALXT  iivg——Spo 2ef- DaCYIdY | Veek | 13fas
- | UNMDACKT seL/ gL A rR27 N arfE— pacy?
- 3 és i L3fig MuT |, YYLo —H'° 0 YVLD¥ | | UNMDACYT ax ser,
*-MEM—EI . T 2 —zow I —— o farge s o i e e UNMDACRS —2] 1A W TDAC"' oaxy — 25D =afZ DACX I e L] I L2g toCT |,
2R g 2 : AT S S e f afe i‘: co— XRATE—, 5-;‘{‘5 DACXI® o Wt OACX Pk YRATE —4 UNMDA cY8 —={ 18 i DACYS
TEeETRSEE 12 ctsmq HALT E¥or K L:sﬂa 5 . l?flﬂ-" l PRZ9 Nout UNMDA(MI—J o XVLD uleo N pryis XVLD & H‘l)c4 uunnAcvn—sl' };‘
C FrE oMHZ (&3 212 [¢]5]e 33 ]a |5« 092 |4 |S |e © -
5 C FIF LD A c D DA B C D | LDA B C D - _]’ ¢
Aty ] co— et pe - LY = [Ty T63TROBE “MHZ TSTTEGEE
il . i (DSTROBE
DMAZS HALT ‘ QQ coLule?éR R‘ps—ﬁ;oa;ﬂtn - s |7 cho?;a;—“ég — — o UNMDATY 12 1Y —_ 1)
g2 Cx QA QBac QD M ex anosacan Ck 0AGB OC GD ] % % UMD ACKS —-4an av[Eoncxs — 2z UNMDACYIS o s 3y 2— pacye
Z lmllslxa ]u FRZ < IMWIZ['\ eP29 |2 ‘14!'«5[\7.1\1 ] 22 s o — 23 UMMBACTI—1- HJa4 £/
coclcac3 C4C5C6C7 8 ¢3 INTCARK UNMDACKIO 2| a WTDACKIO  xyiDw ’5 sved TR o e :: o= Zvr-z_.o.mo
[ (3L anfish o] s jiof9 ::B e 7 - YVLD %¥—2{t 508 é B ] i,_ Ll L s UNMDACYI 2 .
. . 1) . . D A < D — " O ( n i
The state machine is the “master controller” of the vector- The microcomputer outputs an address that results in a vecr Lo o2 R = L B A s aml = 0;: ! - gBrscel, dPrs <5 e Ll oo yvLp
. . . . . BAAAARA . . \ — H — [ ©
generator circuitry. It receives instructions from the game DMAGO signal that causes HALT to go high, and clears the cooter | s g, onTER 13 |, comTer b the P s 1 s e S )
MPU, via the vector generator RAM. It carries out these instruc-  vector-generator data latches. This makes TIMERO thru 1] cxanos acap | cx anasac a0 S ot b oc ab _j-i';s ISP "y o 2T e ORI s
tions by accessing the appropriate sections of the vector-gen- TIMERS signals all low. The state machine now begins exe- e el P onmbacti— L' °  RTTERGEE UdeRP EBETRORE CIERCACEE apzle] DAY — L
erator ROM memory, using the vector-generator program cuting instructions, starting at vector memory location 0. — o , o
counter to do so. The state machine reads the vector-generator 20!t — GrmbAcz pyipie == ' ..D"'C 10 GueERTE
ROM data (via Timer 0-3) and decodes this information to deter- When the state machine receives the operation code for a os
mine how it should use this data: 1) to draw a vector; 2) to move HALT instruction, it outputs a low HALT§EFT(5§E, setting the iyey EEE $2: LR o e a ® o=
. iae . . i Fok: . . ; . . . . . v9gy Yoy Yyy ry oy B Ey ;5;
the“r_nonlf’or beam to a new position ogdthe m?‘nlttor d;spla¥, 3) HALT flip-flop A9, and suspending state machine operation. The purpose of the vector timer is to time out the length of time it g s313 é 3 i ‘;’ 48 1523 14% 12
. 5y s . " zZ z 2
to Jump to a new vector memory address; 4) to return to a ; . takes to “‘draw” an actual vector on the monitor display. During the 2333 3333 31z3 5353 1313 § ;2
previous vector memory address; or 5) to tell the game MPU The GO signals load and enable the vector timer and the X R it : 2311 13%
hat it h leted it tirshiich di iting f dy iti t d tell the ROM that th Bior interval when the X- and Y-position counters are actually drawing
'.t at it has completed its current instructions, and is waiting for an pO?l on COU(I ers an ; e ne a e VEC1O the vector, STOP is high. This prevents the vector-generator state NOTICE TO ALL PERSONS RECEIVING THIS DRAWING
its next command. generator is now actively drawing a vector. The HALT input to CONFIDENTIAL: Reproduction forbidden without the

The state machine consists of input gates B8 and E5, ROM
C8, latch D8, clock circuitry A6, and decoder E8. Four-bit input
TIMERO thru TIMERS is the operation-code input to the state
machine. The A4 thru A6 address input to ROM C8 tells the
ROM which instructions to perform. Address inputs AO thru A3
from latch D8 tells the ROM which state was last performed.
The address A7 input GO tells the ROM that the position
counters are presently drawing a vector. The HALT input to A7
tells the ROM that the vector generator has completed its
operations. ;

During initial power-up of the game, the HALT signal is pre-
set low. The microcomputer reads the high HALT signal
through its switch input port (sel/mux L10) on data line DB7.
This tells the microcomputer that the vector generator is
halted and waiting for an instruction. To ensure that the beam
is off when the state machine is halted, the high HALT, clocked
through latch D8, results in a low BLANK to the Z-axis output.

GO flip-flop A9 sets the outputs to ensure that the vector timer
and position counters are not active when the state machine is
halted. When a low GOSTROBE is clocked through A9, the vec-
tor timer and X- and Y-position counters begin to operate from
the GO, GO and GO* signals. When STOP is clocked through
A9, the vector timer has reached its maximum count, and GO
goes high. This means the vector has been drawn.

The VGCK input to the clock circuitry is a buffered 1.5-MHz
clock signal from the microcomputer. This is the same fre-
quency used to clock the MPU of the microcomputer. The
signal clocks latch D8 unless the microcomputer is addressing
the vector RAM or ROM memories (when VMEM goes low).
Then the clock input to latch D8 goes high and stays high until
VMEM goes high.

machine from advancing to its next state until the vector currently
being drawn is completed. As soon as the vector has been drawn,
STOP goes low, allowing the state machine to advance to the next
state in its intended sequence.

The vector timer consists of multiplexer F5, decoder E6, latch M6,
adder M5, and counters B6, C6, and D6. M6 contains a scale factor
which is added in M5 to the four timer signals. If TIMERO thru
TIMER3 inputs are any state but all high, decoder E6 directly
decodes the sum and loads the decoded low into one of the count-
ers. When GO goes low, the counters count from the loaded count
until the counters all reach their maximum count. This count is a
maximum length of 1024. At this time STOP goes low and clears the
GO flip-flop of the state machine.

If the TIMER signals are all high, ALPHANUM goes low and data
signals DVX11 and DVY11 are decoded by decoder E6. This is added
to the scale factor and loaded into the counters.
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The X- and Y-position counters are two identical circuits. Therefore,
the following description discusses only the X-position counters.

The X-position counters contain rate multipliers (J8 and K8),
down/up counters (C9, D9 and E9), multiplexers (C10, D/E10, E10), latch
(F10), and associated gates (B8 and H10). The output of the down/up
counters is a 12-bit binary number that represents the horizontal loca-
tion of the beam on the monitor screen (or X axis), with 0 being the far
left side of the screen and 1023 being the far right side of the screen.
Increasing or decreasing this binary number output will cause the
beam to move to the right or left, respectively. The vector generator
state machine decodes instructions from its memory, and then is ca-
pable of using that data to alter the binary count of these counters in
one of two ways.

The state machine can preset these counters to an entirely different
number from their previous contents. This will cause the beam to
“jump” to a new location on the monitor screen instantaneously, i.e.,
for drawing a new vector from a different starting position than where
the previous vector ended. While the beam is “jumping” to this new
position, the beam itself is turned off to prevent unwanted lines from
appearing on the screen. To Ereset this new position into the counters,
the state generator causes to go low. At this time, a new

12-bit number (DVX0-11) is loaded into the counters from the vector
generator memory data latches.

The state machine can also instruct these counters to count up or
down any specific number of counts. This will cause the beam to move
to the left or to the right a specific distance relative to where it was.
During this beam movement, the beam is turned on with the desired in-
tensity. This is the procedure used to draw a vector on the monitor
screen. The direction (to the left or right) and length (0 to 1023) of the
vector to be drawn relative to the beam’s current position is deter-
mined by DVX0-11 (from the vector generator memory data latches).
This data contains information that determines how many clock
pulses the counters will receive and whether the counters will count
up or down.

DVX0-9 memory data is loaded into rate multipliers J8 and K8. The
function of these devices is to space the desired number of counter
clock pulses at equal intervals over the time period that it will take to
draw the desired vector. This insures that vectors of different lengths
will still be displayed with the same relative beam intensity. DVX10 and
11 are loaded directly into the counters. DVX10 determines whether
the counters count up or down. DVX11 determines the quadrant of the
vector being drawn.

The UNMDACX1 thru UNMDACX10 (X-axis unmultiplexed digital-to-
analog converter signals) are transferred and stored at the output of
the multiplexers on each rising edge of the 6-MHz clock (from the
microcomputer clock circuitry). The DACX1 thru DACX10 signals are
sent to the digital-to-analog converters (DACs) in the X video output.

The DACX1 and DACX10 outputs represent the physical placement
of the beam on the monitor. The far left of the monitor screen is 0, the
center is 512, and the far right is 1023. Therefore, if the DACX1 thru
DACX10 signal was greater than 1023, the monitor beam would go off
the right side of the screen and start again on the left side of the
screen, a “wraparound” condition. To prevent a wraparound, the
multiplexers’ select input from UNMDACX11 goes high when the
count is greater than 1023 or less than 0. This selects UNMDACX12 to
be output from the multiplexers to the DACs, forcing all zeros or all
ones, and thus keeping the beam on the appropriate side on the
screen, instead of allowing it to wraparound.

The XVLD and YVLD (X and Y valid) outputs from the X- and
Y-position counter multiplexers are latched (F10) and gated together to
enable the Z axis output, BVLD (beam valid).
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