Throughput Considerations
In NS405 System Planning

The intricate timing relationships inherent in video genera-

tion require that a designer have a firm grasp of the funda-

mentals of NS405 operation in order to achieve his design

objectives. Towards this end the key facets of NS405 oper-

ation will be examined and examples given.

The NS405 is a complete video controller that reads in vid-

eo data, processes it and outputs it to a CRT. Given this,

one may derive all essential operating parameters from the

following two statements:

1. You must be able to read in video data faster than you
output it.

2. Video data accesses are based on the CPU cycle which
in turn is based on the crystal or dot clock.

Application of these two statements immediately leads to a

limitation on the character cell width as follows:

if f=crystal frequency or dot clock
then (f+1)+15 or (f+1.5) +~15=CPU Instruction Execu-
tion Clock Frequency
Since there are three video data accesses each CPU In-
struction Execution cycle, there are 3 * (f+~1)+150or 3 *
(f+1.5)+ 15 video data accesses per second.
if w=dot width of character cell then f+w=number of
character cells being displayed per second.
Statement 1 says that video data accesses/sec > display
characters/sec
for CPU Clock =+ 1
3*(f+1)+15=f+w

for CPU Clock +1.5
3*(f+1.5)+15=>f+w

f+5>f+w B*f)=225>f+w
Ve=1/w 3/22.5=1/w
w=>5 w>7.5

So depending on the CPU clock divide factor (~1 or +1.5)
the character cell width must be a minimum as shown.

Cell width also impacts CPU throughput since both the CPU
and Video controller vie for video memory access through
the DMA controller. The rules of access are simple and
straightforward. The Video Controller gets as many of the
accesses as it needs with the CPU getting any left over. The
maximum access rate as already shown is f+5 or f+7.5
depending on the CPU clock divide. If the CPU attempts a
video memory access when things are very busy it will be
put into a wait state and remain frozen until things clear up.
Of course, no display characters are necessary when the
display is blanked, so during the horizontal and vertical re-
trace periods the CPU has unlimited access to video memo-
ry.

Normally, the CPU doesn’t have to wait until horizontal re-
trace to get into video memory, but exactly how often it can
get in during a display line requires analysis of the worst
case video requirements.

Since the results can vary dramatically depending on the
parameters chosen, two typical cases will be presented.

I. With a dot clock of 18 MHz the display line consists of
80 character cells, 9 dots across. Since the CPU clock
divide must be 1.5 the video memory access rate is 18
MHz+7.5=2.4 MHz.
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To display one line requires (9X80)/18 MHz=40 us.

In one line time there are 2.4 MHz <40 us=96 video
memory accesses. Of the 96, 80 are required for the
characters displayed in the line leaving 16 available for
the CPU. This is an average of one every six video
memory accesses or once every two CPU instruction
cycles. This would be fine since all CPU video memory
instructions require two instruction cycles to execute
anyway. However, in addition to the DMA controller the
video circuits also employ a four level FIFO to insure a
smooth data flow. The FIFO is normally kept full at four
in which case it stops accessing video data and allows
the CPU to have all the accesses. However, the FIFO
can drop down quite far before starting to fill up again by
taking all of the video memory accesses. The net effect
is that instead of being evenly distributed, the accesses
available to the CPU are clumped together with long
gaps between clumps. Taking the worst case condition
of the FIFO being completely empty and having to fill to
four by taking the accesses which the CPU could have
gotten, the longest gap is (4 X6) +5=29 accesses =10
CPU instruction cycles. Generally speaking this tends to
happen towards the middle of a line since the FIFO is
filled prior to the start of a line and tries to end a line
empty. In fact, accesses for video are performed up to
the second to the last display character. The FIFO pre-
fetch for the next line is performed shortly after horizon-
tal blanking starts.
II. If the dot clock is now 12 MHz with a display line of 80
character cells 7 dots across the CPU clock divide can be
1.
The video memory access rate is 12 MHz+5=2.4 MHz.
To do one line requires (7 X80)/12 MHz=46.7 us. In one
line time there are 2.4 MHz X 46.7 us= 112 video memory
accesses. Of the 112, 32 are now available to the CPU.
This averages out to one every 3.5. Figuring the FIFO in,
the worst case wait for the CPU becomes
(4%x3.5)+2.5=16.5 accesses=<6 CPU instruction cy-
cles. A significant improvement over the first example.
In general, to maximize CPU access to video memory one
must maximize the average number of “free” accesses dur-
ing the display time. The number of free accesses as a frac-
tion of the total number available is:
(w—5d)/w  Where w=character cell dot width
d=CPU divide factor of 1 or 1.5
As can be seen, throughput performance depends entirely
on the cell width and CPU clock divide. To maximize per-
formance one would try to choose a large w and a d of 1.
Applying the delay imposed by the four level FIFO, the maxi-
mum CPU delay in accessing video memory becomes=

(4w + 5d)/(w—5d) Memory cycles
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