
Programmable Floating Point UnitSébastien BourdeauduqApril 20101 OverviewThe Programmable Floating Point Unit (PFPU) is a �oating point VLIW miroproessor op-timized for fast omputation of verties oordinates used by the Milkymist texture mappingunit.It is designed for repetitive evaluation of the same mathematial funtion on a large number ofpoints, using 32-bit �oating point numbers. Furthermore, it ontains spei�ally rafted DMAengine and address generator whih enable the output DMA bu�er to be ready to be usedimmediately by the texture mapping unit.2 Arhiteture

Figure 1: The PFPU arhiteture.1



2.1 Register �leThe PFPU implements 128 registers, whih are aessed by its miroode, the address generatorand the CSR interfae.Register Aess DesriptionUode Addr. gen. CSRR0 R W � Mesh X oordinate of the urrently omputedpoint, stored as integer by the address generatorbefore starting the miroode.R1 R W � Mesh Y oordinate of the urrently omputedpoint (same remark).R2 RW � RW Selets the branh to return when exeuting anIF instrution.R3�R127 RW � RW General purpose 32-bit registers.The ompiler an use the general purpose registers to store inputs of the funtion to be evaluated,and to store intermediate omputation results.The registers are not reinitialized when a new point is omputed. It is the responsibility of theompiler to generate a miroode that does not overwrite inputs that must be used to omputeseveral points.Miroode writes to read-only registers result in unde�ned behaviour.2.2 Instrution setThe miroode is spei�ed a simple 25-bit instrution set. All instrution sheduling is handledby the ompiler.On eah yle, the PFPU exeutes two instrutions, a read + start operation instrution thatpushes two registers into the ALU, and a write instrution that takes the urrent ALU resultand writes it bak to the register �le. The two are enoded in the same instrution word.Parameter Operand A Operand B Opode DestinationLength 7 7 4 7Bits 24..18 17..11 10..7 7..0All instrutions that do not write to the register �le must have the �destination� �eld set to 0.2.3 Address generatorThe address generator iterates over all the points of a retangular mesh. At eah point, the �Xoordinate� and �Y oordinate� registers are updated, and the DMA target address is omputed.The funtion used to ompute the DMA target address is the same as the one of the texturemapping unit:
base + 8 · (128 · y + x)2



2.4 Arithmeti and logial unit (ALU)The ALU ontains several omputation units that perform arithmeti, binary and logi opera-tions.At every yle, a omputation unit is seleted using the �opode� part of the instution, aordingto the table below. The omputation unit �nishes its omputation a number of yles later, andthe result is written to the register given in the instrution whih is ative at this time. It is theresponsibility of the ompiler to avoid output on�its; that is to say, that only one unit may�nish its omputation at a given yle.Units an aept a new operation at eah yle (they are pipelines).Eah omputation unit an have one, two or three arguments. If the unit has one argument,operand A is used, and operand B and �ags are ignored. If the unit has two arguments, operandsA and B are used. If the unit has three arguments, all operands and �ags are used.2.4.1 Table of operationsMnemoni Opode Lateny DesriptionNOP 0 � No operation (use as �ller).FADD 1 4 Floating point addition.FSUB 2 4 Floating point subtration (A-B).FMUL 3 5 Floating point multipliation.FABS 2 2 Floating point absolute value.F2I 5 2 Convert �oat to integer.I2F 6 3 Convert integer to �oat.VECTOUT 7 � Write 2x32-bit vetor to memory and terminate program.SIN 8 4 Sine table look-up.COS 9 4 Cosine table look-up.ABOVE a 2 Result is 1.0 is A>B, 0.0 otherwise.EQUAL b 2 Result is 1.0 is A=B, 0.0 otherwise.COPY  2 Result is A.IF d 2 Result is A if R2 != 0, B otherwise.TSIGN e 2 Inverts the sign of A if B is negative.QUAKE f 2 Returns an inverse square root approximation.2.4.2 Relationship with IEEE754When using �oating point numbers, the PFPU uses the same number representation as IEEE754(1-bit sign, 8-bit biased exponent, 23-bit mantissa). This is made to ease interfaing withIEEE754-ompliant systems and software; however, the PFPU does not omply with IEEE754and notoriously di�ers from the norm in the following points:Denormal numbers. The PFPU represents zero as any number that has a zero biased ex-ponent, and the other bits are don't are. This means that denormal numbers are treated aszero. Therefore, when writing a �oating point number to the PFPU, no speial are should betaken to hek if it's denormal or not (exept for the obvious loss of preision). However, when3



reading a �oating point number from the PFPU, if its exponent is zero, then its other bits areinvalid. They must be ignored unless your use of the number an tolerate the introdued noise.Preision. The PFPU does not follow IEEE754 spei�ations regarding preision and round-ing of operations.Speial numbers. Numbers like NaN, in�nity, et. are not supported. Trying to perform anoperation that would result in suh a number in IEEE754-ompliant arithmetis yields unde�nedresult on the PFPU.2.4.3 Floating point addition and subtrationThese operations are implemented using the same pipeline.The operation is performed using one guard digit and trunation of the result.2.4.4 Integer onversionsThe PFPU supports onversion to and from 32-bit signed integers, using two's omplement.When doing a �oat to integer onversion, the deimal part is trunated.2.4.5 Vetor outputThis instrution takes two 32-bit integers A and B as input, and writes them in order to memory(A is written �rst). It formats the output of the PFPU so that it an be diretly read as a vertexoordinate by the texture mapping unit.Exeuting this instrution terminates the PFPU program.2.4.6 Sine and osine table look-upThis omputes sin(2·π·A

8192
) or cos(2·π·A

8192
) for a signed integer input A. A an be of the whole 32-bitsigned integer range (−231 to 231 − 1) and the result will be orret, whih makes preliminaryrange redution to [0; 2 · π] unneessary in pratial ases. To ompute sine or osine, all youwould need to do is a �oating point multipliation by 8192

2·π
, onversion to integer, and sine/osinetable look-up.2.4.7 ComparisonThe ABOVE and EQUAL operations return a �oating point number whih is 0.0 (false) or 1.0 (true),depending on the result of the omparison.2.4.8 QUAKE instrutionThis instrution returns 0x5f3759df - ((A & 0x7fffffff) >> 1). It is used to ompute anapproximation of the inverse square root, aording to the algorithm made famous by QuakeIII. 4



3 InterfaeThe PFPU is equipped with a CSR slave bus used for ontrol, and a Wishbone master for storingthe omputation results into system memory.The CSR bus gives aess to on�guration and status registers, to the ontents of the 128 dataregisters, and to the miroode memory.3.1 Register 0x000 � Control registerBits Aess Default Desription0 RW 0 Start/busy bit. Writing 1 to this position starts the exeutionof the miroode. When reading, this bit is set when the ore isbusy.31�1 � 0 Reserved.3.2 Register 0x004 � DMA base registerThis register sets the base address for DMA transfers, expressed in bytes. DMA transfers mustbe aligned to a 32-bit boundary.When the PFPU is busy (miroode exeution in progress), this register is read-only. Writingit results in unde�ned behaviour.3.3 Registers 0x008 and 0x00C � Last vertex index registersThese registers set the indies of the last verties of the mesh, respetively horizontally andvertially. Indies start at 0. For instane, when omputing a mesh of 32x24 verties, theregisters should be set to 31 and 23.When the PFPU is busy, these registers are read-only.3.4 Register 0x010 � Miroode page registerBeause the CSR address spae is limited, the 2048-word miroode memory is split into 4onseutive pages of 512 words, and only one of these pages is mapped to the CSR interfae ata given time. This register selets whih. Values are between 0 to 3.3.5 Register 0x014 � Vertex ounter registerThis register ounts the number of proessed verties. It an be read at any time, inludingwhen the ore is busy. It is set to 0 when a new omputation is started.3.6 Register 0x018 � Collision ounter registerThis register ounts the number of ollisions that oured. A ollision happens when twopipelines �nish their omputations in the same lok yle - and the miroode must be madeso that this situation is avoided. The ounter is set to 0 when a new omputation is started.5



3.7 Register 0x01C � Stray write ounter registerThis register ounts the number of stray writes that oured. A stray write happens when apipeline �nishes a omputation, but the miroode de�nes no destination register for it. Theounter is set to 0 when a new omputation is started.For stray write detetion to work, all unused destination register slots in the miroode must beset to 0.3.8 Registers 0x400 to 0x5FC � Register �le aessThis address range gives diret aess to the 128 registers of the �le.It should not be aessed while the miroode is in exeution.3.9 Registers 0x800 to 0xFFC � Miroode aessThis address range gives diret aess to a page of 512 words of the miroode. The 25-bitmiroode words are padded to 32 bits by adding 7 zeros before them.It should not be aessed while the miroode is in exeution.4 InterruptsThe PFPU is equipped with one ative-high edge-sensitive interrupt line.An interrupt is triggered when a miroode has �nished exeution and all resulting data hasbeen sent through the bus master.Copyright notieCopyright ©2007-2010 Sébastien Bourdeauduq.Permission is granted to opy, distribute and/or modify this doument under the terms of theGNU Free Doumentation Liense, Version 1.3; with no Invariant Setions, no Front-CoverTexts, and no Bak-Cover Texts. A opy of the liense is inluded in the LICENSE.FDL �le atthe root of the Milkymist soure distribution.
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