NAME

mpanda − template format for mpanda(1)

DESCRIPTION

Making a template for mpanda consists of first designing a sample multiply-folded PLA in the desired style, and then labeling tiles using the Magic(1) graphics editor. A tile is a rectangular area of paint, and is defined by a named label outlining the area. MPanda assembles these tiles, row by row, to form a multiply-folded PLA.

There are 11 groups of tiles in a mpanda template:

1) the core of the AND plane 2) the core of the OR plane 3) the sides of the AND plane 4) the sides of the OR plane 5) the top and bottom of the AND plane 6) the top and bottom of the OR plane 7) the tiles between planes 8) the horizontal spacing tiles in the AND plane 9) the vertical spacing tiles in both planes 10) the horizontal ground tiles 11) the vertical ground tiles

Any of the tiles not in the core areas may contain linear labels with the name [GND] or [Vdd]. Linear labels are lines with a name attached. Labels with the names [GND] and [Vdd] will be stretched to allow increased current through the PLA. That is, the tile would be figuratively "cut" along the line label and then the two "pieces" would be stretched apart by a designated amount. A given tile may contain many occurrences of these linear labels, but none of them can be colinear. If 2 labels within a tile are colinear, the stretching of one of them will turn the other one into a rectangle, and it is not possible to stretch along a rectangle.

Point labels may occur anywhere in a tile. Global point labels GND! and Vdd! may be put in corner tiles, to be placed in all mpanda-generated PLAs. The point label $input$ may occur in tiles on the top or bottom of the AND plane, and the $output$ label may occur in tiles on the top or bottom of the OR plane. These labels will be replaced with the name of the corresponding input or output. There should be no more than one $input$ label on each input, and no more than one $output$ label on each output. Tiles between the AND and OR cores may contain point labels, $product$, which are placed when a product term bridges between AND and OR planes. These $product$ labels are useful for debugging purposes within a PLA.

MPanda builds PLAs by rows of tiles. All of the tiles in a row (except the bottom row) have their bottom edges aligned. The top row of tiles would be made up of edge tiles arranged from the left to the right of the PLA, all stacked together along a line. A product row of the PLA would have a left edge tile, core tiles for the AND and OR plane(s), and a right edge tile, all aligned. Each row of tiles is placed one beneath the next according to the alignment of the first tile on the left side of each row. The alignment of the first tile in each row will be discussed below. In the last row of tiles (bottom tiles), all of the tiles are aligned with each other by their top edges. The whole row is aligned to the previous string above it by aligning to the bottom edge of that previous row (the last product row).

THE CORE OF THE AND PLANE:

Required: sp-and, l0-and, l1-and, l!-and, l;-and, l:-and, r0-and, r1-and, r!-and, r;-and, r:-and, lc-and, rc-and

Optional: lu-and, lh-and, lb-and, ru-and, rh-and, rb-and

These tiles contain transistors that implement the PLA function. The vertical and horizontal pitch of the core of the AND plane is set by the tile sp-and. The first character of the tile name indicates whether it is a left tile or a right tile. Left tiles are placed in every other column in the AND plane core, starting with the first column. Right tiles are placed in every other column starting with the second column. The tile sp-and determines the amount of overlap between columns.

The second character of the name represents the function of the tile according to the format for folded PLAs (see PLA(5)). For instance, a 1 stands for for tiles that contain a transistor and a 0 for tiles that pass the input line up to the next tile but have no transistor. For folded PLAs, additional tiles have, for the second character of the name, an for tiles that contain a transistor and are split below, a for tiles that contain a transistor and are folded to the right, and an for tiles that contain a transistor and are folded below and to the right. For multiply-folded PLAs, a represents a contact tile that will make a contact between a vertical and horizontal signal line, as is the case when an input or output is brought into the core from the sides of the PLA.

Optional tiles that minimize excess interconnect in the length and width of the PLA begin with for tiles that do not pass the vertical signal up to the next row, for tiles that do not pass the horizontal signal across to the next column, and for tiles that do not pass both the vertical and the horizontal signals. These tiles are not necessary for the functionality of PLAs, but they help reduce capacitances and therefore delay times throughout the PLA.

Columns in the PLA AND plane are grouped into (left, right) pairs, according to (signal, complement) pairs. The selection of the core tiles in these column pairs is determined by the symbols occuring in a personality matrix as is described in PLA(5). If the symbol is a "0", then the tiles l0-and and r1-and are placed in the column as a pair. If the symbol is a "1", then the tiles l1-and and r0-and are placed. If the symbol is a "!", then the tiles l!-and and r0-and are placed. If the symbol is a "o", then the tiles l0-and and r!-and are placed. Similar pairings of tiles are done for the symbols "@", ";", "#", and ":".

The optimizing tiles are used to replace l0-and and r0-and tiles when signal lines do not need to extend the full length and width of the PLA. For example, all l0-and tiles above the topmost l1-and (l!-and, l;-and, and l:-and) tile are replaced with lu-and tiles in order to allow shortened vertical poly lines. A similar substitution is done with ru-and tiles in the alternating right columns.

In a similar fashion, all l0-and and r0-and tiles that extend horizontally to the edge of the PLA are replaced with lh-and and rh-and, respectively. If a horizontal and vertical line can be minimized, the lb-and and rb-and tiles automatically replace the l0-and and r0-and tiles.

All of the tiles in this group are assumed to be of the same height. (However, creative designers may design otherwise.) When mpanda aligns a row of core tiles in the AND plane, the sp-and tile is used to control the overlap between column pair tiles. When the core of the AND plane is made, the lower left corner of a left (or right) tile is aligned to the lower left corner of the sp-and tile. The next right (or left) tile is then aligned such that its lower left corner is aligned to the sp-and tile’s lower right corner. This pattern of placing a core tile (left or right), spacing a distance of sp-and, and then placing the next tile (left or right), is done throughout the core of the AND plane. It is highly recommended that the user look at the pa- CS3.mag template before trying to define a new one.

THE CORE OF THE OR PLANE:

Required: sp-or, u0-or, u1-or, ui-or, u|-or, uj-or, r0-or, d1-or, di-or, d|-or, dj-or

Optional: uu-or, uh-or, ub-or, du-or, dh-or, db-or

These tiles are similar to the ones in the AND plane. A u as the first character indicates that the tile occurs in every other row, starting with the first (the up rows). A d indicates that the tile will be placed in the other down rows. All of the tiles in this group are assumed to be of the same width. The tile sp-or sets the horizontal spacing for the OR plane. Since mpanda builds PLAs row by row, all tiles defined in the OR plane for one row are aligned in a line by their bottom edges.

THE SIDES OF THE AND PLANE:

Required: ul-and, ll-and, ur-and, lr-and, right-and, left-and, left-in, right-in

Optional: hul-and, hur-and, nul-and, nur-and, vul-and, vll-and, vur-and, vlr-and, nright-and, nleft- and These tiles align to the left and right sides of the AND plane, when the AND plane is an exterior plane, as in an AND-OR-AND structure. The tile ul-and is placed in the upper left corner of the AND plane, while the tile ll-and goes in the lower left corner. Along the left side of the AND plane, each product row has a left-and tile. For AND planes on the outer right edge of the PLA, the tile ur-and is placed in the upper right corner of the AND plane, while the tile lr-and goes in the lower right corner. The rows in between the top and bottom contain right-and tiles along the right side of the AND plane.

AND planes which are interior to a PLA, such as in an OR-AND-OR PLA, do not have side tiles. When a multiply-folded PLA is made, the tiles left-in and right-in replace the left-and and right-and tiles, respectively. These side input buffers are twice as tall as the left-and and right-and tiles because connections must be made to the input signal and its complement in the multiply-folded column.

Optional corner tiles provide for PLAs that do not have folding. The extra overhead is in either the height (those tiles that begin with or the width (those tiles that begin with of the tile. Tiles that begin with are used in PLAs that are not folded and thus, do not have the extra overhead in the horizontal and vertical direction.

The tiles along the top of the PLA are placed in a row with their bottom edges aligned. The tiles along the bottom of the PLA are placed in a row with their top edges aligned. The side tiles of the AND plane are assumed to match the height of the core tiles of the AND plane and to be aligned along the same edge as the core tiles for each row.

Since the first tile in a row determines the alignment for the whole row, the left-and or left-in tiles (for PLA structures which begin with an AND plane) are assumed to be stacked exactly below succeeding rows. That is, there is no overlapping of left side tiles for AND-first PLAs.

THE SIDES OF THE OR PLANE:

Required: ul-or, ll-or, ur-or, lr-or, rightu-or, rightd-or, leftu-or, leftd-or, leftu-out, leftd-out, rightu-out, rightd-out

Optional: hul-or, hur-or, nul-or, nur-or, vul-or, vll-or, vur-or, vlr-or nrightu-or, nrightd-or, nleftu-or, nleftd-or

These tiles function in a manner analogous to the tiles on the sides of the AND plane. Note that the rightuor tile is placed in the up rows, while the rightd-or tile is placed in the down rows. The output buffer tiles, leftu-out, leftd-out, rightu-out, and rightd-out, are the same height as tiles in the core of the OR plane.

When creating rows of tiles (for PLAs that begin with an OR plane), there is some overlapping of these first "left" tiles. The leftu-or (or leftu-out or leftu-out or leftd-out) tiles, for PLA structures which begin with an OR plane, are assumed to be stacked below succeeding rows such that they overlap an amount controled by sp-or. That is, when aligning a new "left-or" tile for a new row, the sequence of alignments is as follows: align the lower left corner of the previous row with the upper left corner of the sp-or tile, align the lower left corner of the sp-or tile with the lower left corner of the "left-or" tile. Thus, there is overlapping of left edge tiles for OR-first PLAs.

THE TOPS AND BOTTOMS OF AND PLANES:

Required: top-in, bot-in, top-and, bots-and, tops-and

Optional: ntop-and

These tiles function in a manner analogous to the tiles on the left and right sides of the AND and OR planes. The top-in and bot-in tiles contain input buffers coming into the PLA from the top and bottom, respectively. All of these tiles are only placed in every other column, starting with the first because connections must be made with signal and complement lines. The tiles bots-and and tops-and control the amount of horizontal spacing and overlap between adjacent tiles in the same way that the sp-and tile controls horizontal spacing in the AND plane. The ntop-and tile is used for PLAs that do not have column folds.

The top tiles are aligned by their bottom edges in a row. The bottom tiles are aligned by their top edges.

THE TOPS AND BOTTOMS OF OR PLANES:

Required: topl-out, topr-out, botl-out, botr-out, topl-or, topl-or

Optional: ntopl-or, ntopr-or, nbotl-or, nbotr-or

These tiles function in a manner analogous to the tiles on the top and bottom sides of the AND plane, except that the topl-or tile is placed in every other column starting with the first (the left columns) while topr-or is placed in the alternating columns. These tiles are also aligned along the top edges (unlike the top tiles in the AND plane which are aligned along the bottom edges).

THE TILES BETWEEN PLANES:

Required: topmid-ao, botmid-ao, topmid-oa, botmid-oa, midu-ao, midd-ao, midu-oa, midd-oa, nmiduao, nmidd-ao, nmidu-oa, nmidd-oa, cmidd-ao, cmidu-ao, cmidd-oa, cmodu-oa

Optional: ntopmid-ao, ntopmid-oa

These tiles are between the AND and OR planes. When an AND plane is followed by an OR plane, the ao tiles are used, and when an OR plane is followed by an AND plane, the oa tiles are used. The tiles that connect product rows between the AND and OR cores, midd_ao, midu_ao, midd_oa, and midu_oa, usually contain some type of circuit element that pulls up each product row. Tiles that begin with a n do not contain these circuit elements and are placed when the product row does not need to be connected between two planes. The tiles that begin with a c are for middle tiles in contact rows.

In the top row of tiles, the topmid-ao tile matches the AND tiles in the top rows by its lower left corner. The topmid-oa tile matches the OR tiles in the top rows by its upper left corner. In the bottom row of tiles, the botmid-ao and botmid-oa tiles match the other tiles in the bottom rows by their top edges. The "midd" and "midu" tiles are assumed to be the same height as the core tiles in the AND plane. Their bottom edges are aligned along the same edge as the other tiles in their row.

THE HORIZONTAL SPACING TILES IN THE AND PLANE Required: sh-and, both-and, toph-and

Optional: shx-and

These tiles handle the extra horizontal spacing that is needed in the AND plane for folding rows in the AND plane. When two logical rows must share one physical row, the structure of the AND plane (pairings of left and right core tiles) is such that they may need extra spacing in the horizontal direction. This occurs when a right tile (containing a transistor) of one logic row is adjacent to the left tile (containing a transistor) of another logic row. Usually, one contact is used between these transistors to connect them to the product term. However, when a logical fold must be made between these transistors, the contact can not be split, so the duplication of the contact and the extra space needed for physical correctness is contained in the shxand (for no connection between right and left tiles) and sh-and tiles (for connecting between right and left tiles, when the logical rows are not folded but horizontal spacing was required on another row). The bothand and toph-and tiles provide the same amount of horizontal spacing in the top and bottom tiles in the AND plane.

THE VERTICAL SPACING TILES IN BOTH PLANES Required: sv-or, lv-and, rv-and, midv-ao, midv-oa, shv-and, leftv-and, leftv-or, rightv-and, rightv-or

Optional: svx-or, lvx-and, rvx-and

These tiles function in a manner analogous to the horizontal space tiles in the AND plane. In the OR plane, the up and down tiles require the sv-or (for connecting) and svx-or (for non-connecting) tiles for vertical splits along columns in the OR plane. The consequences of spacing out the OR plane vertically, require the tiles, leftv-and, rightv-and, leftv-or, and rightv-or along the sides of the PLA. In the AND plane, the tiles lv-and and rv-and, allow for vertical spacing and connect the vertical signals. The tile lvx-and and rvx-and provide vertical spacing and donot connecting (the in the name) vertical signals. The shv-and tile is placed when vertical and horizontal spacing intersect in the core of the AND plane. The midv-ao and midv-oa tiles contain the vertical spacing in the middle tiles between planes.

These tiles are assumed to be the same height as the core tiles in the AND plane. Their bottom edges are aligned along the same edge as the other tiles in their row.

THE HORIZONTAL GROUND TILES Required: HGleft-and, HGright-and, HGl-and, HGr-and, HGright-or, HGleft-or, HGmid-ao, HGmidoa, HG-or, HGshv-and

Optional: nHGleft-and, nHGright-and, nHGright-or, nHGleft-or, HGlx-and, HGrx-and

For the extra ground lines that are needed for large PLAs, these horizontal ground tiles contain metal lines that run the width of the PLA from one side to the other. These tiles are aligned in the PLA in a manner similar to the horizontal spacing tiles.

THE VERTICAL GROUND TILES Required: VGtop-or, VG-or, VGd-or, HVG-or, cHVG-or, VGbot-or

Optional: nVGtop-or, VGux-or, VGdx-or

These tiles are aligned in the PLA in a manner analogous to the horizontal ground tiles and vertical spacing tiles.

SEE ALSO

mpanda(1), mpack(3), PLA(5), mpla(1), mpla(5)

AUTHOR

Grace H. Mah