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Background of the design

3D Graphics performance trend
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Background of the design

3D Graphics operation layers applied to PC

m
Application
Edgeslope calculation
oS Windows NT
Successor of Win '95 Type 1 Type 2 Type 3
APl Open GL
Reality Lab CPU
Renderware CPU program
etc. program
3DG CPU
Librari
ibraries Geometry program
Hard assist
Rendering Hardware
assistance
Y
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Background of the design

3D Graphics processing stages

Coordinate transform ] adopted in
Side detection | realitime applications
Geometry View volume clip ZI;IS)?;;;EIE(;;
process Lighting calculation 3D-DDI
Screen projection

Edgeslope calculation
Zsort

Local
Rasterization hardware
DDA assistance
. applicable
Rendering Texture mapping, Alpha blending in
process
Scissor/Window clip, Stencil 3DDDI
Z compare l
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Background of the design

Objectives

Support a total solution of local 3DG acceleration
(offer balanced performance of geometry and rendering)

To be applicable for both run time and authoring applications
(support both Z-sort and Z-buffer algorithms)

Realize 300k polygons/sec sustained performance by a chip set
(to be competitive against the highend arcade game machines)

1 Provide a flexible solution to accelerate the performance
scalably depending on each applied system's target range
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Chip Set Configuration

J MB86235 (TGPx4 : Three dimentional Geometry Processor x4)

- Floating point DSP (80MFLOPS @40MHz)

- Geometry operation performance:
300k polygons/sec (isolated triangle flat polygons)
180k polygons/sec (isolated triangle gouraud polygons)

MB86271 (AGP : Advanced Graphics Processor)

- Rendering Processor (120MIPS @ 60MHz)
- Rendering performance:
450k polygons/sec (isolated triangle gouraud polygons : 25pixels/polygon)
15M texcels/sec (point sampled texture mapping : 200pixels/polygon)

MB86272 (Z-sorter)

- Polygon Sorter
- Sorting performance : 300k polygons/sec
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Chip set configuration
System block diagram [1]

Texture RAM
(SDRAM/SRAM)
Data ‘LAddress
32-bit T 12-bit/20-bit
Data
Data Data 32-’bit
Hostinterface "0, | MB86235 | P | MB8s271 [7| frame
(Display list) (TGPx4) (AGP) /| (VRAM)
Address
. 12-bit
Data '“, Address Data ", | Address 4‘& 1
UYL oty yben Y
Local RAM Local RAM CRTC |
(SRAM) (SDRAM) RAMDAC RGB
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Chip set configuration
System block diagram [2]

Local RAM
(SDRAM) Texture RAM

)\ 'y (SDRAM/SRAM)
Data §, L Address

32-6iy  [12-bit  Daa| A Address
: 32-bit] 7T 12-bit/20-bit
Dati.i Data_l ] Data
et 33-b1t> IEAZBSsosr?e?rﬁ 33-bit 32 bit
. Y A -
intertae—r | MB86235 | MB86271[ 7 | pom
(Display list) (TGPx4) ') (AGP) /| (VRAM)
Address
I [ 12-bit
Data Address |y | MB86272 Data |, | Address L
32-bit 24-bit (Z sorter) 64-bity 7 12-bit Y
| Local RAM | Local RAM CRTC @
! (SRAM) | Data® | Address (SDRAM) DAC
32-bity Y 12-bit RGB
Local RAM
(SDRAM)
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Chip set configuration
System block diagram [3]
Data Data Data Data
. Host 33-bit} ypggags | 33-bit MB86235 33-bit mB86235 | 33-bit
.mtetf'flce—/—» (TGPx4) 7 (TGPx4) /> (TGPx4) a
(Display list)
~————Pipelined geometry operation———
MB86271 " MB86271 | | meseent
(AGP) (AGP) (AGP)
Frame RAM Frame RAM Frame RAM
A [ A _|_
. ¢—» CRIC
DAC
RGB
’<—Paralleled rendering operation———»’
: Local RAM : Texture RAM
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Product overview

MB86235 (TGPx4) : Block diagram

Data RAM Block Add Instruction -»I_— .
ress . :
EA[0:23] - External Memory [** Unit HiM . | Sequencer |
ED[0:31] <f»| Interface R —
| DataRAMA b Abus ¥ | 5 ich |
1kword x 32bit |«s-e \ Y B-bus us switc|
Data RAMB |-= L Cantiel Blanl
tkword x 32bit |e—— 1wl [ ¥ ¥ . Saemes Diocks
' : i - L Data | Parameter ’
Reglsters . Registers ’ ICE Interface
"‘Data I/O Block -
DI[0:32] —f#~  Input FIFO > FP : /0 Port
e . : MUL
DO[0:32] = Output FIFO |«
‘ Executlon Block PLL/Clock
FUJITSU—
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Product overview
MB86235 (TGPx4) : Execution block
A-bus B-bus
Y YV VY Y YV Y Y
y Y Y Y Y
MAO MBO AAQ ABO Parameter
MA1 MB1 AN A§1 Registers
MA7 MB7 AA7 AB7
|cnst| Icnst|
Yy v Yy v Vv
i Y y \i Y \i
e Approx. Barrel N
FP-MUL ROM Shifter FP-ALU
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Product overview

MB86235 (TGPx4) : Coordinate transformation

5.1-13

V1 (X1, Y1,7Z1)

V0 (X0, YO0, Z0)
NP (NPx, NPy, NPz)
V2 (X2,Y2,72) Xn' Coo
Yn' | = | Cuo
Zn' Cao

Co2
Ci2
Cx

Xn
Cos
Yn
Cis
Zn
Ca
1
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Product overview
MB86235 (TGPx4) : Instruction format and sample coding
MSB LSB
63 6160 42 41 27 26 0
000 ALU field MUL field Transfer field [Type 1]
XOR  AAQ, AAO, AAO MOV1 FI, MB0O
XOR AA2,AA2, AA2 FMUL MBO, PR++, ABO MVD1 AAO0, AAl, FI, MB1
FADD AAOQ, ABO, AAO FMUL MBI, PR++, AB1 MOV1 FI, MB2
FADD AAQ, AB1, AAO FMUL MB2, PR++, AB2 MOV1 #1,MB3
FADD AAOQ, AB2, AAO FMUL MB3, PR++, AB3
FADD AAQ, AB3. AAO FMUL MBO, PR++, ABO
FADD AAl, ABQ, AA1l FMUL MBI, PR++, ABI1 MOV1 AA0, @QAAT++
FADD AAl, AB1, AAl FMUL MB2, PR++, AB2
FADD AAl, AB2, AAl FMUL MB3, PR++, AB3
FADD AAl, AB3, AAl FMUL MBO, PR++, ABO
FADD AA2, ABO, AA2 FMUL MBI, PR++, AB1 MOV1 AAl, @AAT++
FADD AA2, ABI1, AA2 FMUL MB2, PR++, AB2
FADD AA2, AB2, AA2 FMUL MB3, PR++, AB3
FADD AA2, AB3, AA2 MOV1 #0, PRP
MOV1 AA2, @AAT++

Hot Chips VII

‘4—— ALU field —F|<— MUL field ———»I"—— Transfer field —>l
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Product overview
MB86235 (TGPx4) : Parameter registers

B-bus - ]

| |
Parameter register

24 word x 32bit

N muL

o ALL

PRP : PR Read Pointer

PRP : PR Write Pointer |———
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Product overview
MB86235 (TGPx4) : Performance estimation
Flat Gouraud
shading shading
[1] Coordinate transform 52 90
[2] Side detection 3 3
[3] Lighting calculation - 13 38
[4] Screen projection 20 20
[5] Y-sort 12 12
[6] Edgeslope calculation 36 56
Case I | Execution cycles 100 163
[11-[5] | Performance @40MHz | 400k pps 245k pps
Case II | Execution cycles 136 219
[1]-[6] | Performance @40MHz 300k pps 183k pps
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Product overview
MB86271 (AGP) : Block diagram

i Microprocessor Block

5.1-17

CG Pipeline Block

| Local Memory Control Unit . Frame
Shared memory A A A »| Memory
256word x 40 bit Control L |-cache Y Control .
unit | |256word x 64 bit L1 Rendering Unit
: A i T = Engine =
: ub-bus i
- A 4 . v y Main-bus 1 [ ' > s
R § A A [ »1(DDA
Yy V i y vy .y Texture mapping
Host Main unit Shared Sub unit | Depth queue control
“ltl;l:.?:'.face Registers Registers Registers | Drawing control
‘| Packet Main unit Sub unit : ||Alpha blending
Buffer W o » | Logical operation
64v)v(ord e U - Execution Unit 1 L SN |
40bit A
_ | Texture Memory: Control Unit

Product overview
MB86271 (AGP) : Internal parallel operation scheme

Hot Chips VII

Microprocessor Block

Input data packet analysis
Rendering mode detection

Start point calculation
Edge adjustment
( 1st span )

CG Pipeline Block

P
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Start point calculation
Edge adjustment
(2nd span )

Trigger command

Status out

-

Start point calculation
Edge adjustment
( 3rd span )

Start point calculation
Edge adjustment
( 4th span )

Time

Trigger command

Status out

id 4—— and —»

Trigger command

{ Polling time for semaphore

Rasterization
( 1st span )

Rasterization
(2nd span )

Rasterization
( 3rd span )

Stanford, California, August 1415, 1995
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Product overview
MBg86271 (AGP) : Input data packet

(Xs, Yo, Zs)
(Rs, Gs, Bs, As, Ds)
(Ss, Ts, Qs) Xe

dXs/dYo2, dZs/dYo2

dRs/dY02, dGs/dYo02, dBs/dYo2,
dAs/dYo2, dDs/dYo02

dSs/dYo2, dTs/dYo2, dQs/dY02

dZs/dXs1
Y2 dRs/dXs1, dGs/dXs1,
dBs/dXs1,
dAs/dXs1, dDs/dXs1
dSs/dXs1, dTs/dXs1, dQs/dXs1
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5.1-20
Product overview
MB86271 (AGP) : Execution unit block diagram
Main-bus . . Sub-bus
A _L rlmmedlate Immedlateﬁ_ _'_ A
ij_ JTL iTL _V.ﬁi_
SP DO S0 S1 RO DO
ST D1 82 S3 IR1 D1 cG
IMASK D2 54 S5 D2 o

LG — — — = ¢—» Pipeline

X0 = E = E Block

Xi D2 S14 515 D2
| 1 |
— —

Biep] yy vy YVYY Yyvy
+1.0
v \ A/ \ A
vy \i Y Y v_V Y \ i Y
B |
MY ETARY) ] VAR
| EAAR | : _v_,fJ
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Product overview
MB86271 (AGP) : Data path flow in the rendering engine unit

Parameter set input from Microprocessor block, Trigger command

{

| DDA |
S.T.Q®G.BAD/ ' ' 15 Y.2)
| Perspective correction | | Local memory address generation |
$/Q, T/Q) R, G, B, A, D L >
GR T )‘ Local memory address
| Texture memory address generation |
C t infe i f
Texture | Texture memory address I Input color m‘;r;eiiell niormation o
- nput color
memory ® G B.A D) ®, G, B, A) Z, W, S)
Texture (R, G, B, A)‘ | J Z : Z-buffer value Local
Texture blend W : Window attribute
L SR J S : Stencil attribute memory
¥y ®G.B,A) v v
| Alpha blend, Drawing condition check I
I T .
- xXY) -
R,G, B, A)" X, Y)" "(R, G, B, A) '(Z, W, 8) o
I Frame memory address generation | | Local memory address generation |
| I
(R, G, B, A) ! "Frame memory address Local memory address
Frame memory (R, G, B,A) (Z, W, S)
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Product overview
MB86271 (AGP) : Flat/Gouraud shading performance

[pps] 4

Hidden surface algorithm : Z-sort
900K 4 -O- Flat + Alpha blend (Microprocessor block peak) |
800K - Gouraud + Alpha blend (Microprocessor block peak) |.....
700K ¥ -/~ Flat + Alpha blend
600K )\ => Gouraud + Alpha blend ...

500K

400K D\ \T’\S)\(
300K y\ : S ®
200K +

100K

0 1 1 T ] ¥ >
25 50 100 150 200 250 300 350 400 450 500 [pixels/polygon]
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Product overview
MB86271 (AGP) : Texture mapping performance
[TexPix]
Hidden surface algorithm : Z-sort
ﬁ -O~ Flat polygon
100M 4 (Microprocessor block peak)
1} G d pol
ooM + (Ncl)iglr'ggrogggsg(;)rnblock peak) )/)’42“
som 1 -/~ Flat polygon e
=¥~ Gouraud polygon
70M + /(5/
60M + /( o
50M + / - }/-E e
aM + ],,J..]*“"{
som E e 1,/—{}”{
20M 4 AT T -
M | I
0 } : } . + } } } : } >
25 50 100 150 200 250 300 350 400 450 500 [pixels/polygon]
O
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Summary

- New 3D Graphics chip set including geometry processor
and Z-sorter

- World highest level of 3DG performance on both
engineering/design CAD and realtime 3D Graphic applications

- Provides flexible structure to realize the most appropriate
performance level for various types of application systems

- Going to support extensive software drivers for standard
3D Graphics platform

- Next stage is to integrate the functions of those 3 chips into
single LSI to offer an intensive solution to PC 3D Graphics.

o)
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MB86235 (TGPx4) : Die photo
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