Contents

1 Introduction 3

1.1 Features of the CADIC System . . . . . . . . . . . . . . . . . 3 1.2 The Structure of CADIC . . . . . . . . . . . . . . . . . . . . 8 1.3 The Structure of this Book . . . . . . . . . . . . . . . . . . . 9 1.4 Notations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2 System Installation 13

2.1 Hardware Requirements . . . . . . . . . . . . . . . . . . . . 13 2.2 Software Requirements . . . . . . . . . . . . . . . . . . . . . 14 2.3 Installation Procedure . . . . . . . . . . . . . . . . . . . . . 14

3 The Graphical User Interface 19

3.1 Environment Setup . . . . . . . . . . . . . . . . . . . . . . . 19 3.2 The Components of the Graphical User Interface . . . . . . 21

4 The Graphical Editor 25 4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 4.2 Basic Concepts of CADIC . . . . . . . . . . . . . . . . . . . 27

4.3 Getting Started . . . . . . . . . . . . . . . . . . . . . . . . . 34 4.4 Graphical Specification . . . . . . . . . . . . . . . . . . . . . 34 4.5 The First Design: A HalfAdder . . . . . . . . . . . . . . . . 35 4.6 Going into Hierarchy: A FullAdder . . . . . . . . . . . . . . 41 4.7 Parameterization: An n Bit Comparison Tree . . . . . . . . 46 4.7.1 Basic Equation for the n Bit Comparison Tree . . . . 47 4.7.2 General Equation for the n Bit Comparison Tree . . 49 4.8 Design of an n Bit Conditional Sum Adder . . . . . . . . . . 57 4.8.1 Basic Concepts of the Conditional Sum Adder . . . . 58 4.8.2 General Equation for an n Bit Conditional Sum Adder 59 4.8.3 Basic Equation for a 1 Bit Conditional Sum Adder . 71 4.8.4 General Equation for the Selection Subcircuit . . . . 77 4.8.5 Basic Equation for the Selection Subcircuit . . . . . . 84 4.8.6 General Equation for Shuffle Subcircuit . . . . . . . . 91 4.8.7 Basic Equation for Shuffling Subcircuit . . . . . . . . 94 4.8.8 General Equation for the Cutting Subcircuit . . . . . 96 4.8.9 Basic Equation for the Cutting Subcircuit . . . . . . 100 4.8.10 Equation for the complete n bit adder . . . . . . . . 102 4.8.11 Summary . . . . . . . . . . . . . . . . . . . . . . . . 107 5 Hierarchy Representation 109

5.1 The DAG Data Structure . . . . . . . . . . . . . . . . . . . 109 5.2 Building the DAG Structure . . . . . . . . . . . . . . . . . . 113 5.2.1 A First DAG: The HalfAdder . . . . . . . . . . . . . 114 5.2.2 More Hierarchy Levels: The FullAdder . . . . . . . . 116

5.2.3 Parameterized Levels: The 2^n Bit Comparison Tree . 118 5.3 A Larger Design: The 16 Bit Conditional Sum Adder . . . . 122 5.3.1 A System of Linear Equations for the Wire Variables 124 5.3.2 A Note on Wire Variables . . . . . . . . . . . . . . . 132 5.4 Visualization of the DAG Structure . . . . . . . . . . . . . . 133 5.5 Hierarchy Check . . . . . . . . . . . . . . . . . . . . . . . . . 135 5.6 Navigation through the Hierarchy . . . . . . . . . . . . . . . 140 5.7 Examining the Cgraph . . . . . . . . . . . . . . . . . . . . . 145 5.8 Wrong Parameter Values? . . . . . . . . . . . . . . . . . . . 149 5.9 Views . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 5.10 Save the Hierarchy Levels . . . . . . . . . . . . . . . . . . . 153

6 Logic Simulation 155 6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 6.2 Getting Started . . . . . . . . . . . . . . . . . . . . . . . . . 155 6.3 Sample Session . . . . . . . . . . . . . . . . . . . . . . . . . 157 6.3.1 Load and Prepare a Design for Simulation . . . . . . 157 6.3.2 Simulation of a Single Pattern . . . . . . . . . . . . . 159 6.3.3 Tracing through Simulation Results . . . . . . . . . . 161 6.4 More Simulation Functions . . . . . . . . . . . . . . . . . . . 163 6.4.1 Load and Prepare for Simulation . . . . . . . . . . . 163 6.4.2 Simulation of a Single Pattern . . . . . . . . . . . . . 164 6.4.3 Changing the Display Mode . . . . . . . . . . . . . . 166 6.4.4 Simulation of a List of Patterns . . . . . . . . . . . . 168

7 Layer Assignment 173 7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 7.2 The Algorithm integrated in CADIC . . . . . . . . . . . . . . 174 7.3 Layer Assignment for the Halfadder . . . . . . . . . . . . . . 176 7.4 Colouring the Fulladder . . . . . . . . . . . . . . . . . . . . 178 7.5 Multi Layer Wires: the 16 Bit Conditional Sum Adder . . . 181

8 Power Supply 189 8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 8.2 The Algorithm integrated in CADIC . . . . . . . . . . . . . . 190 8.2.1 Calculation of the Topology . . . . . . . . . . . . . . 190 8.2.2 Sizing of the Power Supply Nets . . . . . . . . . . . . 192 8.3 Power Nets for the Fulladder . . . . . . . . . . . . . . . . . . 192 8.4 Power Supply for the Conditional Sum Adder . . . . . . . . 195

9 Geometrical Layout Design 201 9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 201 9.2 The Layout for the Fulladder . . . . . . . . . . . . . . . . . 202 9.3 Layout for the 16 Bit Conditional Sum Adder . . . . . . . . 207 9.3.1 Layout Expansion . . . . . . . . . . . . . . . . . . . . 210 9.3.2 Layout Tracing . . . . . . . . . . . . . . . . . . . . . 212 9.3.3 Layout Views . . . . . . . . . . . . . . . . . . . . . . 213 9.3.4 Layout Scrolling . . . . . . . . . . . . . . . . . . . . . 215 9.3.5 Output of the Layout Result . . . . . . . . . . . . . . 215

10 Recursive Specifications 217

10.1 Odd–Even–Mergesort . . . . . . . . . . . . . . . . . . . . . . 217 10.1.1 The Sorting Algorithm . . . . . . . . . . . . . . . . . 218 10.1.2 Graphical Specification . . . . . . . . . . . . . . . . . 219 10.2 Integer Multiplication . . . . . . . . . . . . . . . . . . . . . . 227 10.3 A Realization of a Fast Divider . . . . . . . . . . . . . . . . 231 10.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . 231 10.3.2 General Description of the Divider . . . . . . . . . . 232 10.3.3 Graphical Specification of the Divider . . . . . . . . . 234

11 Design Conversion 245 11.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 245 11.2 Supported Formats . . . . . . . . . . . . . . . . . . . . . . . 246 11.3 Design Conversion . . . . . . . . . . . . . . . . . . . . . . . 248

12 Editor Reference 253 12.1 Basic Structures . . . . . . . . . . . . . . . . . . . . . . . . . 253 12.2 Schematics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255 12.2.1 Load Schematic . . . . . . . . . . . . . . . . . . . . . 255 12.2.2 Save Schematic . . . . . . . . . . . . . . . . . . . . . 259 12.2.3 Save Schematic under New Name . . . . . . . . . . . 260 12.2.4 Clear Schematic . . . . . . . . . . . . . . . . . . . . . 260 12.2.5 Delete Schematic . . . . . . . . . . . . . . . . . . . . 261 12.3 Cells and Macros . . . . . . . . . . . . . . . . . . . . . . . . 261 12.3.1 Enter Cells . . . . . . . . . . . . . . . . . . . . . . . 261

12.3.2 Move and Rotate Cells . . . . . . . . . . . . . . . . . 269 12.3.3 Resize Cells . . . . . . . . . . . . . . . . . . . . . . . 271 12.3.4 Copy Cells . . . . . . . . . . . . . . . . . . . . . . . . 272 12.3.5 Rename Cells . . . . . . . . . . . . . . . . . . . . . . 273 12.3.6 Delete Cells . . . . . . . . . . . . . . . . . . . . . . . 274 12.4 Wires . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275 12.4.1 Enter Wires . . . . . . . . . . . . . . . . . . . . . . . 275 12.4.2 Delete Wires . . . . . . . . . . . . . . . . . . . . . . 280 12.5 Comments . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281 12.5.1 Enter Comments . . . . . . . . . . . . . . . . . . . . 281 12.5.2 Delete Comments . . . . . . . . . . . . . . . . . . . . 281 12.6 Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282 12.6.1 Enter Equations . . . . . . . . . . . . . . . . . . . . . 282 12.6.2 Delete Equations . . . . . . . . . . . . . . . . . . . . 283 12.7 Views . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283 12.7.1 Zooming . . . . . . . . . . . . . . . . . . . . . . . . . 283 12.7.2 Scaling . . . . . . . . . . . . . . . . . . . . . . . . . . 284 12.8 Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . . . 285

List of Figures

1.1 Integrated Design Environment of CADIC . . . . . . . . . . 8 1.2 Readers guide for the CADIC manual . . . . . . . . . . . . . 10

3.1 Basic structure of the graphical user interface . . . . . . . . 22

4.1 Vertical composition of two logic topographical nets . . . . . 28 4.2 Horizontal composition of two logic topographical nets . . . 29 4.3 Two representatives of a logic topological net . . . . . . . . . 30 4.4 Refinement operator for the example of a FullAdder . . . . . 31 4.5 Expanded representation of the binary comparison tree Tree[3] 33 4.6 Dialog for opening a new schematic . . . . . . . . . . . . . . 36 4.7 Dialogs for cell and macro selection . . . . . . . . . . . . . . 37 4.8 Placement of the basic cells for HalfAdder . . . . . . . . . . 38 4.9 Wiring for HalfAdder . . . . . . . . . . . . . . . . . . . . . 40 4.10 Using the macro HalfAdder to construct a fulladder . . . . . 42 4.11 Wiring of FullAdder and creating a knee for a connection between two pins . . . . . . . . . . . . . . . . . . . . . . . . 44 4.12 Final wiring for FullAdder . . . . . . . . . . . . . . . . . . . 45

4.13 The basic equation for the n bit comparison tree . . . . . . . 48 4.14 Placing a parameterized macro cell for the recursive specification of the comparison tree . . . . . . . . . . . . . . . . . 51 4.15 Resizing a parameterized macro cell . . . . . . . . . . . . . . 52 4.16 Creating a copy of an exisiting macro cell . . . . . . . . . . . 53 4.17 Entering a wire of parameterized width . . . . . . . . . . . . 55 4.18 Final wiring for the 2^n bit comparison tree . . . . . . . . . . 57 4.19 Dialog for opening a new schematic . . . . . . . . . . . . . . 60 4.20 Dialogs for cell and macro selection . . . . . . . . . . . . . . 61 4.21 Placing a parameterized macro cell for the recursive specification of the conditional sum adder . . . . . . . . . . . . . . 63 4.22 Resizing a parameterized macro cell . . . . . . . . . . . . . . 64 4.23 Creating a copy of an exisiting macro cell . . . . . . . . . . . 65 4.24 Parameterized macro cells for the n bit conditional sum adder 66 4.25 Connecting a module with the northern border of the schematic 68 4.26 Final wiring for the conditional sum adder . . . . . . . . . . 69 4.27 Comments placed at the input and output wires of CSA[n] . 71 4.28 Placement of the basic cells for the 1 bit conditional sum adder 73 4.29 Wiring for the 1 bit conditional sum adder . . . . . . . . . . 74 4.30 Remarks for the input and output signals of CSA[1] . . . . . 77 4.31 Feed through for the carry wires . . . . . . . . . . . . . . . . 81 4.32 Final wiring for the selection subcircuit . . . . . . . . . . . . 82 4.33 Comments for the input and output signals of SEL[k] . . . . 83 4.34 Final wiring of SEL[1] . . . . . . . . . . . . . . . . . . . . . 88 4.35 Remarks for the input and output signals of SEL[1] . . . . . 90

4.36 Schematic for the general equation SHUFFLE[n] of the shuf- fling subcircuit . . . . . . . . . . . . . . . . . . . . . . . . . 93 4.37 Schematic for the basic equation SHUFFLE[2] . . . . . . . . . 97 4.38 Graphical input for the general equation of the cutting sub- circuit CUT[k] . . . . . . . . . . . . . . . . . . . . . . . . . . 99 4.39 Projection of a single wire in the basic equation of the cutting subcircuit CUT[1] . . . . . . . . . . . . . . . . . . . . . . . . 102 4.40 Graphical input for CSADDER[n] with an additional equation for unique specification of the wire variables @a[n] and @b[n] 106

5.1 Basic structure treenode of the hierarchical representation . . 111 5.2 Transition from an instance of a treenode at level i to the corresponding treenode at level i + 1 . . . . . . . . . . . . . 112 5.3 The stack during the loading of HalfAdder . . . . . . . . . . 115 5.4 DAG structure for HalfAdder . . . . . . . . . . . . . . . . . 116 5.5 The stack during the loading of FullAdder . . . . . . . . . . 118 5.6 DAG structure for FullAdder . . . . . . . . . . . . . . . . . 119 5.7 The stack during the loading of Tree[2] . . . . . . . . . . . 120 5.8 DAG structure for Tree[2] . . . . . . . . . . . . . . . . . . 121 5.9 Deriving equations about the wire variables . . . . . . . . . 125 5.10 Equations for the wire variables at the lowest hierarchy level 127 5.11 Evaluated wire variables at the top level of CSA[16] . . . . . 128 5.12 Specification with illegal solution for the system of linear equations over its wire variables . . . . . . . . . . . . . . . . 129 5.13 Display of the equations about the wire variables . . . . . . 130 5.14 Display of the names of wire variables . . . . . . . . . . . . . 131

5.15 Visualization of the DAG structure for CSA[16] . . . . . . . 133 5.16 Grid of the hierarchy window for scrolling the visible area . . 135 5.17 An error in the schematic CSA[n] at the western border of the instance SEL[n/2+1] . . . . . . . . . . . . . . . . . . . . 138 5.18 Visualization of specification errors at the hierarchy level

CSA[8] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

5.19 Tracing down from CSA[16] into SEL[9] . . . . . . . . . . . 141 5.20 Tracing down from SEL[2] into SEL[1] and arriving at the lowest hierarchy level . . . . . . . . . . . . . . . . . . . . . . 142 5.21 Trace view window with path from CSA[4], then SEL[3] to

SEL[1] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

5.22 Cgraph window with node informations . . . . . . . . . . . . 146 5.23 Input window with the prompt for showing the information of a specified node . . . . . . . . . . . . . . . . . . . . . . . 150 6.1 Macro A contains virtual cycle . . . . . . . . . . . . . . . . . 156 6.2 Two busses in macro A with non unique data flow . . . . . . 156 6.3 Creation of a hierarchical simulation program . . . . . . . . 158 6.4 Circuit FullAdder loaded and prepared for simulation . . . . 159 6.5 Setting input value for the right input pad . . . . . . . . . . 160 6.6 Simulation results for a single input pattern 1 + 0 + 1 . . . . 161 6.7 Simulation results at the HalfAdder level of the FullAdder specification . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 6.8 Circuit CSADDER[4] loaded and prepared for simulation . . . 164 6.9 Setting input value for the left input pad . . . . . . . . . . . 165 6.10 Simulation results for a single input pattern 11 + 10 . . . . . 166

6.11 Display of simulation results in decimal mode . . . . . . . . 167 6.12 Simulation results for pattern 7 . . . . . . . . . . . . . . . . 170

7.1 Circuit with layer assignment in two layers . . . . . . . . . . 173 7.2 Layer assignment for multi wire nodes . . . . . . . . . . . . 175 7.3 Layer assignment for HalfAdder . . . . . . . . . . . . . . . . 177 7.4 Layer assignment for FullAdder . . . . . . . . . . . . . . . . 179 7.5 Layer assignment for the 16 bit conditional sum adder . . . . 182 7.6 Refinement operation for multi layer wires . . . . . . . . . . 184 7.7 Navigation to the lowest hierarchy level CSA[1] . . . . . . . 185

8.1 Generation of a slicing tree for each treenode in a hierarchical description . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 8.2 Topology of the power supply nets for the FullAdder level . 194 8.3 Sizing of the wire segments of the power supply nets for the

FullAdder . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195

8.4 Power supply nets for CSA[16] with linear sizing of the wire segments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197 8.5 Power supply nets for the 16 bit conditional sum adder at the lowest hierarchy level CSA[1] . . . . . . . . . . . . . . . 198

9.1 Generation of BTG–Nets for each treenode in a hierarchical description . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 9.2 Hierarchical layout for FullAdder . . . . . . . . . . . . . . . 205 9.3 Complete expansion of the layout for FullAdder . . . . . . . 207 9.4 Fit the display of the layout CSA[16] in the workarea . . . . 209 9.5 Expanding the right instance CSA[8] one single step . . . . . 210

9.6 Expanding the left instance CSA[8] for three hierarchy levels 211 9.7 Complete expansion of the layout for CSA[16] . . . . . . . . 212 9.8 Tracing down to the layout of CSA[8] . . . . . . . . . . . . . 212

10.1 Sorting circuit for n = 2^k elements of type t . . . . . . . . . 217 10.2 Recursive definition of the sorting of n > 1 elements . . . . . 220 10.3 Recursive specification for the merging subcircuit Merge[n] . 221 10.4 Recursive specification of the shuffling operation for two se- quences of n elements . . . . . . . . . . . . . . . . . . . . . . 222 10.5 Single element of the array of compare components . . . . . 223 10.6 Layout for the sorting network for 64 elements of single bit values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225 10.7 Computation of the partial products . . . . . . . . . . . . . 227 10.8 Recursive specification of one column of the partial multiplier 228 10.9 Recursive specification of one column of the partial multiplier 229 10.10Layout for the 16 bit integer multiplier . . . . . . . . . . . . 230 10.11The top level of Divider[n] . . . . . . . . . . . . . . . . . . 235 10.12Array[n] . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236 10.13One row of the division array . . . . . . . . . . . . . . . . . 237 10.14First part of each row DUV . . . . . . . . . . . . . . . . . . . 238 10.15Elements in the middle of each row MV . . . . . . . . . . . . 239 10.16The last element in each row LV . . . . . . . . . . . . . . . . 241 10.17Reduction from the redundant representation to standard binary representation Red2BinFast[n] . . . . . . . . . . . . . 242 10.18Recursive specification for Red2BinFastRow[n] . . . . . . . 243