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03/23/93 - REVI SED
e To break into separate articles.
* To synchronize with simlar article on Macintosh Centris
seri es and Quadra 800.
- RETI TLED
e To specify Quadra 700 and 900 nodel s.

This article, by the designer of the Mcintosh Quadra's video hardware,
di scusses a nunber of general Quadra video topics.
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The Quadras were designed with a flexible video hardware section in order

to support a wide variety of displays. Since the purchaser of one of these
systens is paying for a frame buffer on the | ogic board (whether (s)he wants
it or not), and since the Quadras were designed to be hi gh-perfornmance

machi nes, the frame buffer was designed to be both very flexible (to

support nost displays a user may want to use) and to be relatively high
performance (to match the conputer's capabilities).

Qoviously every display made by every third-party nonitor vendor can't be
supported by the onboard video, but the Quadras do support a nuch w der
range of displays at a higher |evel of performance than any previous
Maci nt osh. The Quadra 700 and 900 support pixel depths ranging from1l to
32 bits per pixel (bpp), Apple displays ranging fromthe 512 x 384 12-inch
color monitor through the 1152 x 870 21-inch color nonitor, pixel clocks
ranging from 12 to 100 MHz, and a variety of industry standards such as
VG, SVGA, NTISC, and PAL. The Quadra video port produces RS-343 RGB

and al so provides horizontal, vertical, and conposite sync outputs.

Conposite or S-video output is not provided, but can be acconplished by use
of an external RGB-to-conposite encoder. The Quadra 700 and 900 al so
support Apple convolution for flicker-reduction on interlaced displays
(i.e., NTSC and PAL) at up to 8 bpp. The Quadras autonatically detect



the type of display attached to the video connector via three 'sense' pins on
the video connector. Depending on the wiring of these three pins, software in
ROM configures the video hardware for one of the supported display types.

(A full description of sense pin wiring and supported display types is in
another article.)

The Quadra series provides the highest built-in video performance of any
Maci ntosh to date. In a (very) sinplified graphics nodel, we could say

t hat performance depends on two main factors: processor horsepower and the
bandwi dth the processor has into frane buffer nenory. These systens

al ready have a fast processor -- the 68040 -- which runs standard 32-bit
Qui ckDraw. To provide high bandwidth into frame buffer menory, dedicated
vi deo RAM (VRAM was used for the frame buffer, and that VRAM was pl aced
directly on the 68040 processor's |local bus. This provides the 68040 the
sane access tinme into frane buffer nenory that it has into main system RAM
(Transfer rates can exceed 40MB/sec.) In addition, nenory options such as
fast page node are supported, which can inprove graphics performance for
operations such as scrolling, offscreen-to-onscreen pixmap transfers, etc.

In a number of cases the design was optinized for high perfornance over

|l ow cost. A good exanmple of this is 32 bpp operation on Apple's standard
13-inch RGB nonitor at 640 x 480 resolution (and this also applies to VGA
and NTSC), which is probably the nbst comon col or nonitor in use on the
Maci nt osh. The actual nunber of menory bytes needed to support 24 bpp is
640 x 480 x 3 = 921,600. This would seemto fit within 1MB of menory

(as is the case with the Macintosh Display Card 8¢24), but the Quadras actually
require 2MB of VRAM for this node. The 8¢24 card supports 24 bpp at

640 x 480 by using a storage node called 'chunky planar' to fully utilize
all its 1MB of VRAM However, this results in having to performthree
separate nenory accesses for each 24-bit pixel read fromor witten to the
frame buffer. (This is done in hardware, so software only perforns a
single read or wite.) On a NuBus video card, this inefficiency is
partially nasked by the synchroni zati on del ays which occur at the
processor-bus/ NuBus interface. However, when frane buffer menory is

pl aced directly on the processor bus, this approach results in a nearly 3x
performance degradation. This was judged unacceptable for the Quadras.
Each 24-bit pixel occupies one |ongword (4-bytes) in VRAM so the Quadras
actually provide 32 bpp for the 640 x 480 resolution. This pushes the
menory requirenment for this node over the 1MB boundary (640 x 480 x 4

= 1,228,800 bytes). Performance is inproved still nore by another frane
buf fer architectural feature. Franme buffer nenmory in the Quadras is
organi zed into 4 'banks' of 512 KBytes per bank. As nentioned earlier
Quadra VRAM can operate in fast page node. In addition, each bank of VRAM
operates in fast page node i ndependently of the other 3 banks. This
causes the nunber of in-page 'hits' to increase, and thus inproves the
effective bandwidth into the frame buffer. Also, at 32 bpp, 640 x 480
resol ution, each rowis set to 4096 bytes, or 1024 32-bit pixels. Each
successive row is assigned to a different VRAM bank (nodul o 4, of course).

This menory organi zation i nmproves perfornance during certain commonly
perfornmed graphics operations such as vertical scrolling.

In any design there are a nunmber of tradeoffs to be nade, and this is



certainly true for the frane buffer in the Quadras. Wile the

vi deo does operate at 32 bpp on up to 16-inch displays, it does not
support 21-inch displays at this pixel depth since this would have
significantly raised the cost of the notherboard. (Menory capacity and
bus bandw dt hs woul d essentially have to double, and this would be
expensive.) It does support NTSC and PAL timing, but does not provide a
conposite video output. Wiile it is nmuch faster than any non-accel erat ed
video card, there are accelerated video cards that are faster (and nuch
nore expensive). A separate graphics processor was not

added primarily for cost reasons. However, a graphics processor such as
the 29000 RI SC chip on the Display Card 8+24 GC can only speed up the graphics
operations that it was designed to know about. |f an application program
bypasses Qui ckDraw (which is what npbst Maci ntosh graphics accelerators are
designed to speed up), a graphics accelerator will not inprove
performance, and can actually cause a perfornance degradation

Overall, the Macintosh Quadra vi deo provides a reasonabl e conmprom se of
cost, perfornmance, and features, which provides the video needed by the
majority of Macintosh users at a reasonable price.
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